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Saturday, February 20, 2021
10:00 a.m. - 2:30 p.m.
Presidential Symposium
PRES SYMP 1. Implantable Prostheses: Progress, Future Possibilities and Multi-Sensory Integration
President and Chair: Ruth Litovsky
University of Wisconsin
Co-Chair: Jeffrey Holt
Harvard Medical School/Boston Children's Hospital
PRES SYMP 2. Living With Uncertainty
Rebecca Alexander
Self-Employed
In this talk, author, psychotherapist, and extreme athlete Rebecca Alexander tells her story of loss, resilience,
and triumph, focusing on the way’s adversity can prepare us to understand and cope with the fundamental
uncertainty of life. Born with a rare genetic mutation, Usher syndrome type III, Rebecca has been
progressively losing her hearing and vision since childhood and is almost completely blind and deaf today.
Living with a progressive disease has taught Rebecca how to live with uncertainty; in this talk she applies the
insights of her experience to our contemporary moment, offering her trademark blend of therapeutic wisdom,
hard-earned experience, and relatability.
PRES SYMP 3. An Optogenetic Brain System (OBServ) to Restore Visual Perception in the Blind
Stephen L. Macknik
SUNY Downstate Health Sciences University
Susana Martinez-Conde
SUNY Downstate Health Sciences University
Recent ultra-large mesoscopic imaging advances in the cortex open new pathways to develop neuroprosthetics
that may restore foveal vision in blind patients. Using precisely targeted optogenetic activation, an optical
prosthetic can now focally stimulate spatially localized lateral geniculate nucleus (LGN) synaptic boutons
within the primary visual cortex (V1). If we localize a cluster of boutons within a specific hypercolumn input
layer that all overlap in their retinotopic position and contrast sign, we will find that activation of a subset of
these boutons is perceptually fungible with the activation of a different subset of boutons from the same
hypercolumn input module. By transducing these LGN neurons with light-sensitive proteins so that their
projecting boutons in V1 are now sensitive to light, we can now optogenetically stimulate these neurons in a
pattern that mimics naturalistic synaptically-precise visual input. All long-range connections from the LGN
to V1 are glutamatergic. Optogenetic targeting of these inputs is therefore free from unwanted co-activation
of inhibitory neurons (a common problem in electrode-based prosthetic devices, which cannot isolate
excitatory from inhibitory activation and thus result in diminished contrast perception). Because prosthetic
devices can only succeed in driving naturalistic stimulation when they account for rapidly changing cortical
activity and response conditions, our system integrates a real-time cortical read-out mechanism to continually
assess and provide feedback to modify stimulation levels, just as the natural visual system does. We must
produce this prosthetic contrast gain control since our input system cannot receive feedback from the other
cortical regions in the ascending visual hierarchy. We accomplish this online measurement of prosthetically
stimulated activity by reading-out a multi-colored array of bioluminescent calcium responses transduced into
V1 neurons. We show that this hyperspectral array of colors can achieve single-cell resolution. By tracking
eye movements in the blind patients, we will account for oculomotor effects by adjusting the contemporaneous
stimulation of the LGN boutons in real-time to mimic the effects of eye movements on real inputs into V1 in
natural vision. This system, called the Optogenetic Brain System (OBServ), is designed to function by
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optimally activating visual responses in V1 from a fully implantable coplanar emitter array coupled with a
video camera bioluminescent read-out system. It follows that if we stimulate the LGN input modules in the
same pattern as natural vision, the recipient should perceive naturalistic prosthetic vision. As such, the system
holds the promise of restoring vision in the blind at the highest attainable acuity, with maximal contrast
sensitivity, using an integrated nanophotonic implantable device that receives eye-tracked video input from a
head-mounted video camera, using relatively non-invasive prosthetic technology that does not cross the pia
mater of the brain.
PRES SYMP 4. Eye Movement-Related Eardrum Oscillations: What Your Brain Tells Your Ears
About Where You're Looking
Jennifer Groh
Duke University
Vision contributes to hearing, improving both our speech comprehension and sound localization abilities. To
be successful, coordination between the visual and auditory pathways in turn requires information about the
postural relationship between the two systems, namely the positions of the eyes in the orbits. Movements of
the eyes alter the relationship between the visual and auditory spatial scenes. Without knowledge of eye
position, the brain would be unable to properly link sounds to their visible sources. Signals related to eye
movements affect the brain’s auditory pathways from the ear through auditory cortex and beyond, but where
this
process
begins
and
how
it
operates
is
poorly
understood.
We recently discovered a signal related to eye movements in the peripheral auditory system: eye movementrelated eardrum oscillations (EMREOs, Gruters, et al. PNAS 2018, Murphy et al biorxiv 2020). I will describe
our latest findings concerning this phenomenon. Detailed characterization of this signal suggests that it
contains the information necessary to contribute to a suitable coordinate transformation of auditory spatial
cues into a common reference frame with visual information. Preliminary findings from normal and hearing
loss participants suggest that the underlying mechanism is multifactorial, potentially involving both the middle
ear muscles and the outer hair cells. We hypothesize that in normal hearing, the underlying mechanism
causing EMREOs could impose a transfer function on any incoming sound signal, which could permit
subsequent processing stages to compute the positions of sounds in relation to the visual scene, and thus
contribute to the beneficial impact of vision on hearing.
PRES SYMP 5. Electric and Acoustic Stimulation (EAS) in Adults and Children
René H. Gifford
Vanderbilt University Medical Center
Cochlear implantation with minimally traumatic surgical techniques and atraumatic electrode arrays has led
to an increasing prevalence of adult and pediatric cochlear implant (CI) recipients with the potential for
combined Electric and binaural Acoustic Stimulation (EAS). We have demonstrated that adult EAS users
consistently exhibit significant benefits for speech understanding in noise and spatial hearing tasks as
compared to a CI paired only with a contralateral HA. Further we have demonstrated that access to interaural
time difference (ITD) and interaural level difference (ILD) cues is correlated with EAS benefit for
postlingually deafened adult EAS users. Despite an active phase of discovery in adult EAS users over the past
two decades, there is a striking paucity of research on EAS outcomes in pediatric CI users, the expected
trajectory of benefit following EAS fitting, and underlying mechanisms driving EAS benefit in adult and
pediatric populations. We do not fully understand what additional effects sensorineural hearing loss and
electrical stimulation may have on the developing binaural system as well as the expected degree and trajectory
of benefit following EAS fitting for CI recipients of all ages. In this presentation, we will describe the
magnitude of EAS-related benefit on speech understanding in children with preserved acoustic hearing and
compare to underlying ITD sensitivity in the acoustic hearing domain. The clinical application of these data
will be discussed including the need for regular monitoring of acoustic hearing preservation following
cochlear implantation and greater acceptance of acoustic amplification for all ears with aidable residual
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acoustic hearing. Given the protracted maturation of the binaural system, lack of adequate bilateral auditory
access could have lasting consequences on binaural hearing development.
PRES SYMP 6. Restoration of 3-Dimensional Perception in Children After Labyrinthine
Implantation: Auditory and Vestibular Effects
Sharon Cushing
Hospital for Sick Children
Background
Congenital bilateral hearing loss provides a framework for studying the impact of sensory deprivation on the
brain. Restoration of hearing through the use of bilateral cochlear implantation also allows us to study brain
development in children. It is common for children with deafness to have concurrent deficits of vestibular
function which may further impact brain development and influence their functional outcomes.
Objectives
1) To examine the impact of combined cochleovestibular loss on the development and function of children
who receive bilateral cochlear implants.
2) To determine the benefit of providing enhanced spatial information through the use of head referenced
cochlear implant stimulation on balance in these children.
Methods
Brain development as measured by brainstem and cortical potentials, evoked by cochlear implants will provide
the framework for review of behavioural and functional measures including spatial navigation and balance in
children with a variety of configurations of sensory loss including bilateral and unilateral combinations of
cochleovestibular loss. The use of head referenced cochlear implant stimulation as a means of improving
balance in children with combined cochleovestibular deficits will be explored.
Results
Children with congenital sensory deprivation related to any configuration of cochleovestibular loss will have
abnormal brain development. This abnormal developmental trajectory leads to deficits in spatial awareness
and balance among others. Balance is improved by the provision of bilateral auditory input through implants.
This improvement can be further amplified by providing head referenced stimulation.
Conclusions
When examining outcomes in children with congenital sensory deficits such as deafness one must also
consider the impact of concurrent vestibular loss. While the provision of hearing through bilateral cochlear
implants improves outcomes beyond hearing alone, deficits in balance and spatial navigation remain and may
benefit from supplemental information provided through head referenced stimulation.
PRES SYMP 7. Speech Perception With a Cochlear Implant: Percent-Correct Scores Do Not Explain
Listening Effort
Matthew Winn
University of Minnesota
Background
For individuals with cochlear implants (CIs), speech perception is qualitatively different compared to their
peers with typical hearing – as opposed to being fundamentally the same but merely less successful. These
qualitative differences include using compensation and recovery strategies, prolonged processing and reprocessing of recently heard speech, increased vigilance for mistakes, reduced confidence, reluctance, and the
occasional avoidance of spoken communication because it requires more effort than it’s worth. Listening effort
is therefore both an attractive and essential research topic because it relates directly to the lived experience of
the CI recipient. Although greater effort is expected and usually observed in cases where percent-correct scores
are poorer, this observation is a description and not an explanation. This study was undertaken to explain what
factors explain listening effort in CI listeners.
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Methods
Pupillometry was used as an index of effort, capitalizing on the observable time course of pupil dilations
linked to specific perceptual and cognitive events. CI listeners heard and repeated sentences aloud. Their
responses were coded for errors in syntax, phonetics and semantics, etc. Other stimuli were designed to elicit
correct responses even though at least one word was heard incorrectly, to track the effort of correcting
perceptual mistakes on the way to a “correct” response.
Results
Data demonstrate a double dissociation between effort and intelligibility. Correct responses are effortful if
they involve recovery from mistakes, and mistakes are not effortful if they result in sensible coherent
perceptions. Errors early in a sentence are more costly than errors at the end. Paradoxically, perceptions that
contain multiple errors can be less effortful than perceptions with a single error. These and other observations
collectively suggest that a linear tally of errors is not an adequate proxy nor explanation of listening effort.
Conclusions
Linguistic and cognitive influences on speech perception have traditionally been treated by the auditory
community as inconvenient noise, and systematically removed from experiments in the name of “clean”
outcome measures. However, these are the factors that drive listening effort. This is especially true for
individuals who use CIs, since degraded auditory stimulation demands a disproportionately greater cognitive
load in order to successfully translate sounds into meaningful perceptions. As a result, stimuli that lack
linguistic diversity bear little relationship to real speech communication, where cognitive influences are not
merely present, but dominant. In the next generation of research on cochlear implants, it will be essential to
embrace the idea that listeners do not merely encode auditory events, but rather recover sensible linguistic
structures constrained by rules, probabilities and intuition. Only by prospectively incorporating those factors
into experiments can we move toward a more complete understanding of speech perception and listening effort
in people who have hearing impairment.
Supported by R01DC017114-01
PRES SYMP 8. Neural Prostheses: Cochlear Implants and Beyond
Robert Shepherd
University of Melbourne & Bionics Institute, St. Vincent's Hospital
Neural prostheses electrically stimulate and/or record from excitable tissue to improve health outcomes. These
technologies depend on multidiscipline collaboration bringing together clinical expertise, well tried
engineering principles and a thorough understanding of the anatomy and physiology of the target neural
population.
Approximately 600,000 patients have received a cochlear implant (CI); they are arguably the most successful
neural prosthesis developed to date. Their success is due to multiple factors including: (i) the anatomy &
physiology of the auditory system is well understood; (ii) reliable techniques exist to measure hearing loss in
adults and children; (iii) the cochlea is a tonotopically organized, mechanically stable structure providing a
safe location for the insertion of an electrode array without damaging auditory neurons; (iv) the technology is
sophisticated and tiny - the one device can be used in adults and children, while techniques such as reverse
telemetry provide the opportunity to interrogate the device (e.g. electrode impedance) and the neural interface
(evoked potentials); (v) a well-trained clinical team – modern Otology training ensures that CI surgery is not
a major surgical challenge while Audiologist provide a key role in device fitting and (re)habilitation; (vi) CIs
stimulate the auditory periphery, taking advantage of neural processing within the central auditory pathway to
maximise the advantage of the plastic brain.
CIs continue to evolve; techniques designed to improve clinical outcomes, particularly speech understanding
in noise, is a very active area of research. These measures include basic research exploring novel stimulation
strategies and sites of stimulation; innovative electrode materials; combining CIs with drug delivery
technologies; and the development of CIs based on optical neural stimulation; as well as clinically based
research including the application of bilateral CIs; combining electric hearing with low frequency residual
hearing; and the development of improved objective measures in device fitting.
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Due to the success of CIs, there are now a large number of devices in development, fuelling expectations that
the field is undergoing a major expansion. I will provide some examples of devices undergoing
commercialization including the growth of "bioelectronic medicine" designed to treat a broad range of
diseases, from arthritis to Crohn’s disease by selective stimulation of local neural circuits. Like the
development of CI’s, these initiatives call for significant multidisciplinary clinical, scientific and engineering
expertise that can work with entrepreneurs that bring IP management, regulatory and clinical trials know-how,
as well as commercialisation and manufacturing expertise.
The author has no financial interest in any technology described in this presentation.
Supported by the NIDCD (R01DC015031), DARPA (N66001-15-2-4060), NHMRC (APP1122055) and the
Garnett Passe Rodney Williams Foundation. The Bionics Institute is supported by the Victorian Government’s
OISP.

3:00 p.m. - 5:00 p.m.
Symposium 1
SYMP 1. Close to Translation: Future Directions in Auditory Implants
Chair: Athanasia Warnecke
Hannover Medical School/Institute of Audioneurotechnology
Co-Chair: Thomas Lenarz
Hannover Medical School
SYMP 1.1 Towards the Optical Cochlear Implant: Optogenetic Stimulation of the Auditory Pathway
Tobias Moser
University Medical Center Goettingen
When hearing fails, cochlear implants (CIs) provide open speech perception to most of the CI users. CIs bypass
the defective sensory organ and stimulate the auditory nerve electrically. A bottleneck of current CIs is the
poor coding of spectral information, which results from wide current spread from each electrode contact. As
light can be more conveniently confined, optical stimulation of the auditory nerve presents a promising
perspective for a fundamental advance of CIs. The presentation will summarize the current state of optogenetic
stimulation of the auditory pathway and on establishing multichannel optical CIs.
SYMP 1.2 New Surgical and Electrode Array Technologies for Enhancing Brain-Machine Interfacing
for Hearing Restoration
Hubert Lim
University of Minnesota
One major challenge still facing cochlear implants towards achieving more natural hearing is in increasing the
number of channels of information transmitted to the brain, mainly caused by the encapsulation of the
electrodes within the bony cochlea away from the targeted auditory nerve fibers. Recently, there have been
significant advances in surgical and robotic approaches to safely and reliably access targets within the head.
Furthermore, there is a new wave of high-density and miniaturized electrode technologies that can enable high
bandwidth interfacing with nerves. Several of these new opportunities are already close to being used in
clinical trials.
SYMP 1.3 Development of Patient-Specific Drug-Releasing Implants for the Treatment of Inner Ear
Diseases
Farnaz Matin
Medical University Hanover

pg. 10

The Association for Research in Otolaryngology (ARO)
The 44th Annual MidWinter Meeting
Saturday, February 20, 2021, U.S. Eastern Time Zone

Modern therapy of inner ear disorders is increasingly being determined by local drug delivery (LDD). One
new approach is a patient-specific biodegradable drug implant that fits exactly into the round window niche
or can be attached to cochlear implants and be inserted into the cochlear. This implant will achieve a sitespecific release of active compounds, keep the drug in place for a few weeks to get a much more dwell time
and keep the LDD time extended. Different additive manufacturing processes such as Fused Deposition
Modeling, Stereolithography and Digital Light Processing may address this need of intraoperatively developed
implants.
SYMP 1.4 Bringing Novel Implants to the Clinic: Challenges to Consider
Daniel Sieber
MED-EL
The evolution of clinically used hearing implants may at times feel incremental and slow. On the other hand,
the requirements to and engineering behind these devices can be overwhelming. Translational researchers can
maximize the potential of their technology and industry relations by understanding the product development
lifecycle as well as basic engineering, supply logistics, regulatory and reimbursement challenges their
technologies will be facing. This may aid in achieving a seamless crossover from translational research
institutions into manufacturers design and development departments and eliminate time-consuming setbacks
in this phase.
SYMP 1.5 Stem Cells and Stem Cell-Derived Molecules for the Treatment of Hearing Loss
Yi-Chao Hsu
Institute of Biomedical Sciences, Mackay Medical College
Efforts to ameliorate insertion trauma by reducing inflammation in cochlear implantation utilised neurotrophic
factors. However, other cell types may also be involved in the cochlear microenvironment after CI, such as
astrocytes, microglia, endothelial cells, hair cells and Schwann cells. Thus, neural progenitor cells (NPCs) and
mesenchymal stem cells (MSCs) were utilised due to their secretome containing anti-inflammatory molecules,
miRNAs and growth factors. Thereby, initiation of neuroprotection and tissue repair as well as control of
tissue remodelling could be mediated. Here, the contribution of stem cells and thereof derived molecules for
the improvement of hearing will be discussed.
SYMP 1.6 Closing Remarks: Our Vision of Next Generation Implants
Athanasia Warnecke
Hannover Medical School/Institute of Audioneurotechnology
Novel auditory nerve implants and ultra-focused stimulation of neural elements based on optogenetics are on
the border to everyday clinical routine. Implementation of cell- or gene therapy-based approaches and
innovative local drug delivery strategies will be required to meet the biological challenges. Such novel
technologies are on the verge to clinical translation and offer not only new possibilities but also mean a huge
responsibility in diagnostics, treatment as well as follow-up strategies.

3:00 p.m. - 5:00 p.m.
Symposium 2
SYMP 2. Advancements in Human Brain Measurements to Continuous Speech and Music Stimuli
Chair: Brandon Paul
Ryerson University
Co-Chair: Melissa Polonenko
University of Rochester Medical Center
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SYMP 2.1 Using Deconvolution and Novel Stimulus Paradigms to Understand how the Auditory
Brainstem Processes Continuous Speech
Melissa Polonenko
University of Rochester Medical Center
The auditory brainstem plays a pivotal role in processing sound. We have used deconvolution to derive the
brainstem’s response to rectified natural running speech. However, this broad response provides little
information about underlying neurogenerators. To evoke responses from distinct subcortical nuclei and the
auditory nerve, we re-synthesized “peaky” speech by aligning phases of all harmonics at each glottal pulse
during voiced segments. This presentation will discuss how deconvolution and our new stimulus paradigms
can be used to investigate subcortical processing of continuous speech, as well as applications to assessing
speech processing in noise and frequency-specific hearing function.
SYMP 2.2 Disentangling (Multi) Sensory and Cognitive Responses to Complex, Continuous Signals:
An Overview of the Temporal Response Function
Aaron Nidiffer
University of Rochester
Many things that we hear can also be seen and these multisensory objects are often surrounded by a competing
multisensory background. Our brains are particularly adept at appropriately binding and segregating our
multisensory environment by exploiting its correlational structure. Using data that speak to this process, I will
present an overview of the Temporal Response Function, a method for analysis of continuous, naturalistic
stimulus. In this talk, I will focus on a few areas: representing separate features of complex sensory signals,
predicting different components of EEG data, and using TRF-based predictions for more complex analyses.
SYMP 2.3 Neural Tracking of Continuous Speech is Enhanced in Healthy Aging and HearingImpaired Adults: The Neural Mechanisms Underlying Speech-In-Noise Problems
Lien Decruy
University of Maryland - College Park
With advancing age, understanding speech in noise becomes more challenging. To better understand the
neural mechanisms underlying these difficulties, we measured neural responses to continuous speech in
normal-hearing adults across the adult lifespan and age-matched hearing-impaired adults. Neural envelope
tracking was found to increase supra-linearly with age, resulting in an enhanced tracking for older normalhearing adults. Hearing impairment was related to an additional increase in neural tracking of attended speech,
suggesting that hearing impaired adults may have an enhanced sensitivity to envelope modulations or need a
larger differential tracking of attended versus ignored talker to neurally segregate speech from noise.
SYMP 2.4 Cortical and Sub-Cortical Responses to Continuous Musical Pieces
Octave Etard
Imperial College London
Humans excel at analysing complex acoustic scenes. Methods have been developed to investigate cortical
responses to continuous stimuli and successfully applied to naturalistic speech. Music is another important
real-world sound with a complex structure.
Normal hearing volunteers were presented with continuous musical pieces consisting of a single or two mixed
instruments. Their neural activity was monitored with EEG. We used forward and backward models to extract
neural responses to different features of the music stimuli, including the envelope and fine structure. Distinct
cortical and sub-cortical contributions were identified and characterised based on their latency and frequency
content.
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SYMP 2.5 Neural Modulation to Direction and Speaker in Spatial Multi-Talker Speech Perception
Prachi Patel
Columbia University
Human auditory cortex simultaneously processes speech and determines the location of a speaker in space.
Acoustic features enable the cortex to extract speech of an attended talker in a spatially separated multi-talker
environment. However, it is unclear how spatial and spectrotemporal features are organized in human auditory
cortex, and how changes in attentional focus modulate these representations. Here, we recorded intracranially
from cortex of humans engaged in a listening task with two simultaneous spatially separated talkers, or single
talkers. Our findings clarify the functional organization of responses in auditory cortex, with implications for
more accurate neurophysiological models of speech processing.
SYMP 2.6 Neuro-Current Response Functions: A Unified Approach to Meg Source Analysis Under
the Continuous Stimuli Paradigm
Proloy Das
Massachusetts General Hospital
Listening to continuous speech induces an ongoing auditory cortical response, time-locked to certain features
of speech, such as the acoustic envelope. This has been previously characterized by the Temporal Response
Function (TRF), at the MEG/EEG sensor level. To probe into the cortical origins of such neural responses,
we introduce Neuro-Current Response Functions, sparsely distributed throughout the cortex, that predict the
cortical currents giving rise to the observed MEG/EEG data in response to continuous speech. We present a
fast estimation algorithm and demonstrate its utility through application to simulated and real MEG data under
auditory experiments.
SYMP 2.7 Decoding Auditory Attention in Real Life With Mobile EEG
Bojana Mirkovic
University of Oldenburg
Brain activity, as measured by M/EEG, synchronizes more to the features of attended auditory stream than to
those of auditory background. We have used auditory attention decoding methods based on this property to
investigate neural underpinnings of continuous auditory attention and irrelevant stream suppression outside
the lab as well as to determine the direction of attentional focus in real-life. Requirements and importance of
auditory attention decoding outside the lab, with transparent mobile EEG devices, will be discussed as well
as the progress we achieved with it in ecologically valid research and application towards the neuro-steered
'hearables'.
SYMP 2.8 Considerations When Using Neural Tracking Methods in Cochlear Implant Users:
Electrical Artifacts and Experimental Design
Brandon Paul
Ryerson University
The use of EEG neural tracking methods (e.g., temporal response functions, TRFs) alongside natural,
continuous stimulation come with challenges when applied to special populations. For instance, temporal
response function estimation is challenged in hearing-impaired listeners who use assistive listening devices
such as cochlear implants (CIs), as these devices introduce electrical artifacts into EEG recordings that are
highly similar to the neural representations that researchers attempt to estimate. This presentation will address
the challenges of estimating TRFs in CI users, including experimental design considerations (within-subject
manipulations), and artifact suppression by combining TRF “decoding” methods and independent components
analysis.
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3:00 p.m. - 5:00 p.m.
Symposium 3
SYMP 3. The Remarkable Outer Hair Cell: Symposium in Honor of Bill Brownell
Chair: Ruth Eatock
University of Chicago
Co-Chair: Rob Raphael
Rice University
SYMP 3.1 Outer Hair Cell Clectromotility: How it Works at a Single-Cell Level
Jonathan Ashmore
University College London
The 1985 paper that showed outer hair cells are motile moved these cells to center stage as players critical for
cochlear tuning. Other observations, otoacoustic emissions, single cochlear hair cell recording, the selective
effects of ototoxic drugs and similarities to muscle spindle systems, had all set the scene, but OHC motility
brought the ideas together. How OHCs contribute to cochlear mechanics, particularly at high acoustic
frequencies, the developmental cell biology and the functional structure of the motor protein prestin/SLC26A5
remarkably still remain key issues initiated by Brownell's work and will form the basis of this talk.
SYMP 3.2 Probing the Relationship Between OHC Electromotility and Cochlear Amplification
Elizabeth Olson
Columbia University
Measurements of intra- organ of Corti vibrations using optical coherence tomography have uncovered OHCregion motions, seemingly due to OHC electromotility, that can be robust, while not affecting basilar
membrane motion. These include sub-characteristic frequency motions in healthy cochleae, and nearcharacteristic frequency motions in compromised cochleae. We are working to uncover the constellation of
factors, which include but extend beyond robust OHC electromotility, that give rise to the enhanced and tuned
responses of the healthy, active cochlea.
SYMP 3.3 Non-Invasive Studies of Cochlear Amplification in Vivo
John Oghalai
University of Southern California
The exquisite sensitivity and frequency discrimination of mammalian hearing derive from forces generated
by outer hair cells (OHCs). These forces amplify the sound-induced vibrations within the organ of Corti to
enhance quiet sounds and sharpen frequency tuning. Our group uses optical coherence tomography to measure
vibrations within the mammalian cochlea without opening the bone that surrounds it, thus minimizing
artifacts. Furthermore, we study transgenic mice with targeted mutations that affect different biomechanical
aspects of the cochlea to localize the underlying processes necessary for normal hearing. These studies confirm
the importance of OHC electromotility to the process of cochlear amplification.
SYMP 3.4 Inhaling the Spoor: Exhaust From the Outer-Hair-Cell Engine
Christopher Shera
University of Southern California
Otoacoustic emissions (OAEs) evoked from the mammalian cochlea are the barely audible, signature byproduct of the delicate, outer-hair-cell-based hydromechanical amplifier that evolved within its bony walls.
Our group studies how OAEs—the sounds sometimes referred to as the fumes emitted by the OHC motor—
can be used both to improve the power of noninvasive diagnostics and to probe active, nonlinear signal
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processing in the healthy ear. In this talk we focus on how OAE measurements and modeling reveal functional
differences in cochlear mechanics, both across species and between the basal and apical regions of the cochlea.
SYMP 3.5 Reflection and Distortion: The Yin and Yang of Otoacoustic Emissions
Carolina Abdala
University of Southern California
Otoacoustic emissions (OAEs) arise from one (or a combination) of two basic mechanisms within the cochlea:
nonlinear distortion and coherent reflection. Distortion and reflection emissions are affected differentially by
various natural and experimental manipulations, suggesting that the two OAEs provide distinct information
about cochlear function and dysfunction. Our group is developing a joint-OAE profile that exploits the
combined and relational diagnostic information offered by the two types of emissions, with the goal of
assessing cochlear integrity and outer-hair-cell function. Such a comprehensive profile will help distinguish
among hearing losses of varied etiology.

SYMP 3.6 Efferent Control of Cochlear Amplification
Ana Elgoyhen
Institute for Research in Genetic Engineering
The evolution of the hearing organ occurred independently over long periods of time. One striking feature of
auditory and vestibular systems is that efferent innervation to hair cells is common to all vertebrate species
and co-evolved with the ear. Compared to other vertebrate species, in mammals the efferent system has
evolved to control outer hair cell electromotility, the amplification system which is brought about by the motor
protein prestin. I will discuss data which shows that positive selection inner ear expressed genes involved has
shaped hair cell electromotility and its efferent control.

3:00 p.m. - 5:00 p.m.
Poster Session 1
SA1. Loss of Inner Hair Cell Ribbon Synapse in Aging Mouse
Aging
Kwon Woo Kang*1, Eunyoung Yi1
1
Mokpo National University
Background
Numerous animal models of noise-induced and age-related hearing loss have reported that damages to the
inner hair cell afferent synapse might be one of the early events underlying the functional loss. Each inner hair
cell afferent synapses tend to exhibit unequal vulnerability to traumatic stimuli. The synapse on the modiolar
side of inner hair cell appears to be more vulnerable than the pillar side synapses. Here, to further elucidate
the features of more vulnerable synapse, we investigated age-related changes in some pre- and postsynaptic
markers of inner hair cell afferent synapse.
Methods
Cochlear tissues of C57BL6 mice (2, 6, 12, and 20 months of age) were examined using immunolabeling and
confocal microscopy.
Results
Similar to previous reports, the number and integrity of inner hair cell ribbon synapse gradually collapsed as
the animal got older. We observed a gradual decrease in total number of cochlear afferent fibers and paired
CtBP2/PSD95 per inner hair cell. The proportion of calretinin-lacking cochlear afferent fibers also decreased
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over time, suggesting selective loss of calretinin-poor cochlear afferent fibers in aged cochlea. To our surprise,
a progressive increase in orphan PSD95 was observed without much change in orphan CtBP2.
Conclusions
These results suggest that loss of presynaptic ribbon might predate the retraction of postsynaptic nerve fiber
and the presynaptic ribbon might guide the fate of its postsynaptic counterpart.
SA2. Age-Related Alteration in Sound Evoked Local Field Potentials in the Inferior Colliculus of the
CBA/CaJ Mouse
Aging
Timothy Fawcett1, Joseph Walton*1
1
University of South Florida
Background
The inferior colliculus (IC) is an important multiprocessing center in the auditory midbrain that undergoes
fundamental changes in response to age-related hearing loss. The loss of peripheral inputs and age-related
changes in neurotransmission leads to decreased activity driving neurons in the IC, leading to temporal and
spatial deficits and/or increased spontaneous activity. In the current study, age-related changes in the sound
evoked pre-synaptic activity, as measured by local field potentials (LFPs), was assessed by deconstruction the
various LFP components representing extracellular signals generated by excitatory and inhibitory potentials.
Methods
To assess the effects of age on pre-synaptic activity in the IC, neural activity from 8 young (4-6 months), 6
middle (8-14 months), 12 old (24-25 months), and 6 very old (27-30 months) CBA/CaJ mice (13 female/19
male) was obtained. Only one session and recording location was selected per animal as not to bias further
analyses by over representing data from any single animal. LFPs were recorded from linear 16-channel
electrodes sampled at 1017 Hz and bandpass filtered from 2 to 300 Hz. The 360 recorded units were
categorized by depth as dorsal (low frequency), medial (mid-frequency), or ventral (high frequency) according
to their location (best frequency) within the IC. LFPs were temporally decomposed into several regions, based
on the amplitude and time of the component of interest.
Results
Responding to a wider range of frequencies in the wide-band noise. Young mice exhibit the highest P1 peak
magnitudes to mid and high frequencies with 27uV higher P1 versus middle-aged animals at mid- and 2230uV higher P1 amplitudes than older mice at high frequencies. The magnitude of N2 was 51.6 to 54.3uV
deeper for young compared to both old and very old animals at low frequencies while only 41.8uV deeper at
mid-frequencies. In addition to changes in magnitude with age and dorsal-ventral location within the IC,
statistically significant changes in latency of temporal features of the LFP were also observed. The LFP
reflects the amplitude and frequency, of multiple sources and various properties within the inferior colliculus
that drives the integrative mechanisms that generate action potentials.
Conclusions
The results of this study indicate a significant age-related modulation of both excitatory and inhibitory
components of the LFP in the aged auditory midbrain neurons. These changes vary as a function of depth
and may be related to known age-related alteration in auditory midbrain neurochemistry.
SA3. Effects of Aging on Vowel Representation and Discrimination in Auditory-Nerve Fiber
Responses
Aging
Amarins Heeringa*1, Christine Koeppl1
1
Carl Von Ossietzky University

pg. 16

The Association for Research in Otolaryngology (ARO)
The 44th Annual MidWinter Meeting
Saturday, February 20, 2021, U.S. Eastern Time Zone

Background
Impaired speech perception in noisy backgrounds is often reported as one of the most debilitating aspects of
age-related hearing loss. For the treatment of impaired speech perception, it is of particular interest whether,
and to what degree, these problems arise from peripheral or central pathologies. Peripherally, ageing of the
cochlea is characterized by degeneration of the stria vascularis, hair cells, and/or spiral ganglion neurons and
their synapses with the inner hair cell. Here, we are using the quiet-aged Mongolian gerbil, which peripherally
suffers from strial dysfunction and synapse loss, to study the representation and discrimination of vowels in
responses of single-unit auditory nerve fibers.
Methods
Three consonant-vowel-consonant stimuli were selected, based on a psychoacoustic experiment in young
gerbils: two that were difficult to discriminate from each other (/behb/ and /bieb/) and one that was easy to
discriminate from the other two (/bahb/). The stimuli were presented in a speech-shaped background noise
(ICRA1) at 5 dB SNR, 65 dB SPL, and were comparable to ongoing behavioral studies. Single-unit auditory
nerve fiber responses to these stimuli were recorded with glass micropipette electrodes (20-40 Megaohm)
from 7 young-adult (4 – 6 months) and 3 quiet-aged (> 36 months) gerbils. Neural activity during vowel
presentation was further analyzed.
Results
Preliminary results show that firing rates, normalized for spontaneous and saturation rates, did not differ
between young and quiet-aged gerbils for any of the vowels. However, the correlation index (CI), a metric for
similarity in spike times between different trials, was larger in quiet-aged gerbils, indicating more reliable
responses. Furthermore, the coefficient of variation (CV), representing the amount of fluctuation in the
response, was also higher in units from quiet-aged gerbils. Discrimination between the vowels based on mean
firing rate (rate d’) was slightly better for all comparisons in quiet-aged gerbils, but especially for the /bahb//bieb/ discrimination. Similarly, temporally-based discrimination between vowels (CI autocorrelation – CI
cross correlation) was also better for vowel comparisons in units of quiet-aged gerbils.
Conclusions
The increases in reliability and fluctuation (CI and CV) of spiking patterns may be explained by stimulating
closer to threshold in quiet-aged gerbils, which results in better synchronization to amplitude modulations.
These findings seem to suggest that vowels are better represented and differentiated in auditory-nerve fibers
of quiet-aged gerbils, however, behavior is not necessarily driven by activity of or discrimination by a single
fiber. Rather, it has been suggested that differences between fiber responses from separate tonotopic cochlear
regions are crucial for vowel discrimination. It will now be interesting to behaviorally explore discrimination
of these vowels in quiet-aged gerbils.
This work was funded by the Deutsche Forschungsgemeinschaft (DFG, German Research Foundation) under
Germany's Excellence Strategy – EXC 2177/1 - Project ID 390895286.
SA4. Age-Related Ultrastructural Changes in the Lateral Cortex of the Inferior Colliculus in Fischer
Brown Norway Rats
Aging
Amir Mafi1, Oren Barat1, Matthew Russ1, Jeffrey Mellott*1
1
NEOMED
Background
It has been demonstrated that GABAergic and excitatory synapses in the lemniscal inferior colliculus (IC)
decline with age. We sought to determine whether such synaptic declines also occur in the non-lemniscal
lateral cortex of the IC (IClc).
Methods
We assessed Fischer Brown Norway rats at three ages: 3-4 months, 19 months and 28 months. We used
immunogold transmission electron microscopy to characterize GABAergic and excitatory synapses, their
post-synaptic targets and presynaptic mitochondria. Ultrathin sections (~70-80 nm) were placed on 300 Ni
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mesh grids, reacted for anti-GABA immunochemistry and stained with uranyl acetate. GABAergic synapses
were identified as having pleomorphic vesicles, symmetric synaptic junctions, and GABA-positive
presynaptic boutons. Postsynaptic targets comprise somas, dendrites of three calibers (<0.05 µm, between 0.5
and 1.5 µm and >1.5 µm) and spines. The health of each mitochondria profile was assessed on a 5-point scale2.
Random grid squares (3,364 µm2 each) were quantified at each age. A total of 1,705 (760 GABAergic, 945
excitatory) synapses were characterized.
Results
Our main finding was that the density for both GABAergic and excitatory synapses were reduced by 10% and
8%, respectively, at 19 months. By 28 months 15% of GABAergic synapses and 12% of excitatory synapses
had been lost. Both synapse types predominantly (~62%) targeted GABAergic and non-GABAergic medium
caliber dendrites at 3-4 months. At 28 months, medium caliber dendrites were targeted less frequently (~55%).
We found that the average synaptic GABAergic bouton size increased from 0.71 µm2 to 0.99 µm2. This
increase underscored that many of the lost synaptic boutons were smaller (<0.6 µm2). There was also an
increase in the number of vesicles per GABAergic bouton from 38 at 3-4 months, 58 at 19 months and 61 at
28 months. Excitatory bouton size and vesicle count did not increase with age. The number of mitochondria
per GABAergic and non-GABAergic bouton at 3-4 months was 3.4 and 2.7, respectively. At 28 months the
number of mitochondria in GABAergic synapses declined to 2.8; and 2.4 in non-GABAergic boutons.
Regardless of bouton type, the average morphometric health of mitochondria was little changed from young
to middle age (4.6 to 4.3). However, during old age mitochondria health fell to ~3.2.
Conclusions
We conclude that in the IClc there is an age-related loss of GABAergic and excitatory synapses at middle-age
with a subsequent loss of synapses during old age when mitochondria numbers and health are declining.
Perhaps the most interesting findings were the increases to the average GABAergic bouton size and the
number of vesicles in GABAergic boutons. Taken together, the IClc undergoes an age-related loss of both
GABAergic and excitatory synapses and the age-related changes are not uniform across GABAergic and
excitatory synapses.
SA5. Rapamycin Added to Diet in Late Mid-Life Delays Age-Related Hearing Loss in UMHET4 Mice
Aging
Richard Altschuler*1, Lisa Kabara1, Ariane Kanicki1, Catherine Martin1, Courtney Stewart1, David Dolan1
1
University of Michigan
Background
Our previous study found UMHET3 mice with rapamycin added to diet at 4 months of age had significantly
less age-related outer hair cell loss in the basal half of the cochlea at 22 months of age compared to mice
without rapamycin.
Methods
The present study tested adding rapamycin to diet later in life, at 14 months of age and added a longitudinal
assessment of auditory brainstem response (ABR). This present study used UMHET4 mice, a 4-way cross
without the cadherin mutation that could cause early hearing loss. UMHET4 mice have a typical mouse pattern
of age-related hearing loss, appearing first at low frequencies and later in more basal high frequency regions.
There is normal hearing until ~16 months of age and they can live until ~28 months of age. ABR thresholds
were assessed at 6, 12, 18 and 24 months of age, comparison to 6 months was used to determine threshold
shifts (TS) at later ages.
Results
There was no TS at 12 months of age. At 18 months of age 18 of 37 control mice (without rapamycin added
to diet) had ABR TS at 4 kHz greater than 10 dB SPL, with a group mean of 15.7 dB SPL, significantly
increased from at 6 months. The 18-month-old mice with rapamycin added to diet had a group mean TS at 4
kHz of 6.5 dB SPL, significantly lower than controls and only 5 of 31 mice had ABR TS greater than 10 dB
SPL. Mean threshold was not significantly different from at 6 months. At 24 months of age only 6 of 23 mice
in the rapamycin diet group retained normal ABR hearing thresholds. The mean ABR TS at 4 kHz was 33.0
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dB SPL, now significantly increased from at 6 months. In the control diet group 3 of 29 mice retained normal
hearing at 4 kHz at 24 months of age with a group mean TS of 43.0 dB SPL. There was no longer a significant
difference between the rapamycin diet and control groups in mean TS at 4 kHz. However, there was now a
significant difference in mean TS at 48 kHz, but this was largely driven by TS in only a few animals from
each group, 11 of 29 controls versus 4 of 23 rapamycin diet mice. It would have been valuable to examine
later ages, however all animals reaching 24 months of age were euthanized for post-life measures.
Conclusions
The results show that adding rapamycin to diet even later in life can decrease age-related hearing loss in the
mouse model, however this decrease appears to be a delay/deceleration rather than a prevention.
Supported by VA Merit Award I01 C2431
SA6. Mechanisms of Speech-In-Noise Representations in Old, Middle Aged and Young Ferret
Auditory Cortex
Auditory Cortex: Anatomy, Physiology & Function
Jayalakshmi Viswanathan*1, Ali I Mohammed1, Pingbo Yin1, Shihab A Shamma2
1
University of Maryland, 1University of Maryland, 2University of Maryland; École Normale Supérieure
Background
Deficits in auditory perception due to age-related hearing loss (ARHL) often lead to difficulties in
understanding speech in complex and noisy acoustic environments.
The mechanisms of how these deficits emerge as a function of aging is poorly understood. Previous
reconstructions of speech stimuli (when presented in noise) from A1 responses resembled more the original
clean than the distorted signal, especially in young ferrets trained in auditory discrimination. This study aimed
to elucidate how noise-robust representations of speech change with 1) aging and 2) the level of background
noise.
Methods
To understand age-related changes in representations of speech, we used the ferret, an animal model with a
hearing range very similar to that of humans, in two experiments. First, we recorded single unit activities from
the primary auditory cortex (A1) in older, middle aged and young ferrets (362 units from 7 ferrets, age range
1 - 8 years; equivalent to 20 - 90 years range in humans) with their head-fixed while passively listening to a
variety of acoustic stimuli, including speech in silent and noisy (white noise and reverberant) backgrounds.
Single unit responses to speech in the different contexts were then used to reconstruct the stimuli. Stimuli
reconstructed from young ferrets were compared with those reconstructed from the older ferrets. In the second
experiment, we presented speech in varying degrees of white noise background to passively listening headfixed ferrets (4 ferrets, 1-7 years) as we imaged responses across the auditory cortex using functional
Ultrasound, which allowed us to compare patterns of activity evoked by these stimuli in old and young ferrets.
Results
Data from single units show that while representations of the clean speech are adequate in the young, middle
aged and older populations, representations of speech in noise are more disrupted in the older and naïve
animals compared to the younger animals and those previously trained on auditory discrimination tasks.
Functional ultrasound data show that responses to speech and noise are weighted differently resulting in
complex changes in patterns of activity across the auditory cortex with the variation of background noise
levels, and these patterns differ across young and old ferrets.
Conclusions
A likely contributing cause of these changes in response properties with aging may be a decrease in overall
inhibition in older brains, that could also lead to difficulties in extracting speech in noise. A1 neurons from
older animals have also previously been shown to exhibit sluggish phase-locked responses, which would
increase the computational challenge of extracting signal (speech) from noise in older brains.
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SA7. Neuronal Modeling of Magnetoencephalographic Responses in Auditory Cortex to Auditory and
Visual Stimuli
Auditory Cortex: Anatomy, Physiology & Function
Kaisu Lankinen*1, Jyrki Ahveninen1, Tommi Raij1, Seppo P. Ahlfors1
1
Athinoula A. Martinos Center for Biomedical Imaging, Harvard Medical School/Massachusetts General
Hospital
Background
Previous studies in both humans and non-human primates (NHP) demonstrate that activations in auditory
cortex are influenced by crossmodal influences from the visual system. Intracortical laminar recordings in
NHPs suggest that these influences follow a hierarchical organization of feedforward (FF) and feedback (FB)
connections between cortical areas and layers: Intramodal auditory activations have a FF-type laminar profile,
whereas crossmodal visual activations are of the FB-type. However, to date, it has been difficult to noninvasively test whether this principle applies also to human auditory cortex. Here, we therefore measured
magnetoencephalography (MEG) activity evoked by visual and auditory stimuli and investigated the neuronal
origins of the intra- and crossmodal activity in auditory cortex with biophysical computational neural
modeling using Human Neocortical Neurosolver (HNN).
Methods
MEG was recorded from eight healthy human subjects while they were presented with 300-ms auditory noise
bursts (A), visual static checkerboard patterns (V), and audiovisual (AV) combinations of these two in a simple
oddball paradigm. MEG responses were averaged separately for each trial type (A, V, AV) time-locked to the
stimulus onsets. Source time-courses were calculated using minimum-norm estimation (MNE) and functional
regions-of-interest (ROIs) in left and right auditory cortices were defined individually for each subject based
on the N100-response for the auditory stimuli. Source time-courses on the functional ROIs were determined
separately for A and V conditions and averaged across the subjects.
We then simulated A and V evoked responses in auditory cortex using HNN, which consists of a neocortical
circuit model linking the cellular- and circuit-level generators to electrical currents measured by MEG. The
input to the auditory cortex was modeled through FF and FB type connections that targeted different cortical
layers.
Results
The source analysis of MEG responses revealed the largest peaks at 75 ms for the auditory stimuli and at 100
ms for the visual stimuli. The visual response had an amplitude 15 % of the amplitude of the auditory response.
In the HNN simulations, the best match with the measured MEG data was found by modeling A response by
an initial FF input at 25 ms followed by a FB input at 65 ms, and V response by a FB input arriving at 85 ms.
Conclusions
In summary, computational modeling using HNN suggest that MEG responses to auditory stimulation in
auditory cortex are explained by an initial FF influence followed by a FB input, whereas responses to visual
stimulation are explainable with a FB-type input only, arriving 60 ms later than the intramodal feedforward
influences to auditory cortex.
Supported by: R01DC017991, R01DC016765, R01DC016915, R01DC015455.
SA8. Temporal Encoding is Required for Categorization, but Not Discrimination
Auditory Cortex: Anatomy, Physiology & Function
Justin Yao*1, Dan Sanes1
1
New York University
Background
Perceptual judgements depend on unique neural responses to disparate sensory stimuli. The neural
representation can be as simple as the total spike count (spike count code), or it can take on a more complicated
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form, such as the temporal distribution of spikes (temporal code). Core auditory cortex (AC) neurons can
encode slow fluctuations of acoustic stimuli with temporally patterned activity. However, whether temporal
encoding is necessary to explain auditory perceptual skills remains uncertain.
Methods
We recorded from AC neurons telemetrically while gerbils performed a Go-Nogo amplitude-modulated (AM)
rate discrimination task. The Nogo stimulus consisted of AM broadband noise presented at 4 Hz, whereas Go
stimuli consisted of AM broadband noise presented at rates from 4.5 to 12 Hz. AC neural encoding of AM
stimuli was assessed with spike count and pattern classifier analyses. The spike count metric used the overall
spike count in response to each AM stimulus across 1000 ms, whereas the spike pattern metric utilized
Euclidean distance to quantify the dissimilarity between two spike trains. Both spike count and spike pattern
classifiers were decoded using a leave-one-out template matching procedure. To assess population-level
decoding, we used a previously employed linear classifier readout procedure (Yao and Sanes, 2018) to assess
AM rate discriminability. To test whether an auditory classification task would require encoding of temporal
information, we performed a template-matching classifier analysis on our data set to calculate the
classification accuracy for each unit based on the similarity of spike pattern and spike count to different AM
rate templates. This is similar to our Go versus Nogo template-matching classifier analysis except test trials
are compared with each of the AM rate signals.
Results
We found that a proportion of AC units displayed spike count AM discrimination thresholds that were superior
to behavioral thresholds. This suggests that spike count is sufficiently informative to explain perceptual acuity.
Similarly, a population-level activity decoder based on spike count was sufficient to explain average
behavioral AM discrimination, whereas a decoder with access to temporal discharge information
outperformed the best overall behavioral performance. Finally, we show that temporal coding would be
required to support the accurate classification of AM rates.
Conclusions
Our results compare two different representations of time-varying acoustic features that can be accessed by
downstream circuits required for perceptual judgements. Overall, our results suggest that discrimination of
time-varying acoustic features can be accomplished with a spike count code, but categorization of these same
stimuli requires temporal spike pattern information.
SA9. Alpha Lateralization During Orienting of Spatial Auditory Attention
Auditory Cortex: Human Studies
Jordan Love*1, Barbara Shinn-Cunningham2, Hari Bharadwaj1
1
Purdue University, 2Carnegie Mellon University
Background
Recent studies have demonstrated that oscillatory brain activity in the alpha frequency range (7-13 Hz)
lateralizes during both auditory and visual spatial attention tasks. In the visual domain, lateralization of alpha
power has also been observed during preparatory attention, a period following a visual cue to attend to either
a left or right visual location prior to visual stimulus presentation. However, the question remains whether
equivalent results might be observed during auditory spatial attention.
Methods
The current study addresses this gap by quantifying alpha power lateralization observed in the
electroencephalography (EEG) signal during an auditory selective attention task. This analysis focuses on the
window of time following a visual directional attend cue that precedes the onset of an auditory stimulus.
Results
Preliminary analyses on this dataset confirmed the presence of robust endogenous oscillations between 10-20
Hz during the preparatory period. Here, results will be presented regarding patterns of lateralization observed
during the preparatory period. The presence and degree of alpha lateralization will be related to individual
differences in task performance and within-individual trial-to-trial variations in perceptual outcomes.
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Conclusions
Previous studies of visual attention show that the degree of alpha lateralization during preparatory attention is
correlated with behavioral performance. This study extends this line of investigation into the auditory domain,
contributing to the field’s understanding of the orienting of auditory attention and the relationship between
successful orienting, behavioral performance, and perceptual outcomes. Future studies should consider
investigating age-related changes in preparatory period alpha lateralization in order to quantify age-related
changes in the top-down control of attention.
SA10. The Nature of Cortical Activation During Musical Imagery
Auditory Cortex: Human Studies
Guilhem Marion*1, Giovanni Di Liberto1, Shihab Shamma2
1
Ecole Normale Supérieure, 2University of Maryland
Background
Musical imagery is the action of voluntary hearing music internally without the need for physical stimulation.
Numerous MRI studies investigated imagery in music and suggested that similar areas of the brain are
activated during music listening and musical imagery. However, it remains unknown whether imagined music
responses share the temporal dynamics of listened music, or if they also encode the details of the acoustic
stimulus envelope and its modulations by melodic expectations. Our study aims to determine if these neural
mechanisms and their associated cognitive modulations are also evident during musical imagery.
Methods
We recorded EEG signals from 21 professional musicians as they listened to and subsequently imagined four
melodies extracted from Bach Chorales. Participants were instructed to imagine the melodies in sync with a
vibrotactile metronome that was placed on their left ankle. A lagged linear regression analysis was conducted
to predict EEG data from appropriate sound envelopes or expectation vectors. The accuracy of that EEG
prediction (Pearson’s r) was compared with the result for null-models, (which were derived by shuffling the
expectation values or by regressing the onsets vectors of non-matching stimuli), at the individual-subject level.
We also used the EEG prediction correlations to classify which song participants were imagining.
Results
We found significant encodings of both the onsets and their modulations by expectation in the EEG data in
both the listening and imagery conditions, sufficiently accurate to allow for robust classification of the songs
the participants were imagining. Furthermore, the neural response patterns displayed an inverted polarity
between the two conditions.
Conclusions
Since the neural responses during listening and imagery exhibit similar encodings of musical properties of the
stimuli, we conclude that imagery is a form a perception that is internally generated. However, because of the
inverted polarity of the imagery responses, they are consistent with being top-down prediction signals.
Moreover, the expectation modulations are thought to be sourced from higher cortical levels and are
responsible for musical pleasure and dopamine release. We, therefore, believe that imagery can elicit musical
emotions as in the case of being triggered during perception, making musical imagery an efficient internal
musical faculty for creation and composition.
SA11. Development of Spiral Ganglion Neuron Innervation Patterns in the Mammalian Cochlea is
Dependent on the Expression of POU3F4 in the Otic Mesenchyme
Auditory Nerve
Mansa Gurjar*1, Vinodh Balendran1, Kevin Rose2, Yang Song2, Ronna Hertzano2, Thomas Coate1
1
Georgetown University, 2University of Maryland School of Medicine
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Background
The Pitt-Oct-Unc (POU)-domain transcription factor Pou3f4 is expressed specifically by otic mesenchyme
cells in the inner ear, and mutations in POU3F4 are associated with X-linked nonsyndromic hearing loss in
the DFNX2 locus. Spiral ganglion neurons (SGNs) interact with otic mesenchyme cells prior to forming
synapses with hair cells during cochlear development and Pou3f4 plays an important role in this process by
regulating the expression of axon guidance cues like Eph and Ephrin family proteins. In the current study, we
investigated how Pou3f4 regulates Efna1 (Ephrin-A1) and Efna2 (Ephrin-A2) ligand expression in the otic
mesenchyme at E15, which is the time when SGN peripheral axons begin to fasciculate as they innervate hair
cells.
Methods
To determine the role of Pou3f4 in regulating Efna1 and Efna2 mRNA levels in a Pou3f4 knockout mouse
model at E15, we used RNAScope assays. We performed chromatin immunoprecipitation (ChIP) followed by
sequencing and qPCR using E15 wildtype (WT) cochleae to determine the binding sites for Pou3f4 in Efna1
and Efna2 genes. Ephrin-A1 and Ephrin-A2 recombinant proteins treated E13 WT SGN explant cultures were
used to determine their function in axon guidance. In addition, Efna1 and Efna2 double knockout mice were
used to determine cochlear innervation phenotypes in vivo.
Results
ChIP experiments and RNAScope assays show that Pou3f4 normally inhibits Efna1 (Ephrin-A1) and Efna2
(Ephrin-A2) ligand expression in the otic mesenchyme at E15. Efna1 and Efna2 double knockout cochleae
show subtle differences in SGN innervation patterns compared to WT littermate controls, and in vitro assays
show both Ephrin-A1 and Ephrin-A2 help attract growing SGN processes.
Conclusions
Taken together our findings suggest that Ephrin-A1 and Ephrin-A2 proteins on otic mesenchyme cells act as
attractive cues for SGN axons and are normally repressed by Pou3f4 to promote axon fasciculation. I will also
discuss ongoing genetic experiments to determine whether Efna1 and Efna2 knockout alleles can rescue the
SGN fasciculation defects observed in Pou3f4 knockout cochleae. I will also discuss our plans to determine
the Eph receptor binding partners for Ephrins-A1 and -A2 on SGNs, and other possible Pou3f4 transcriptional
targets. Understanding how SGNs form proper connections to hair cells through these studies and others will
be crucial in developing new therapeutic strategies to help patients with sensorineural hearing loss.
SA12. Presbycusis Impairs Amplitude Modulation Detection in Gerbils
Auditory Nerve
Brad Buran*1, Seán Elkins1, Stephen David1
1
Oregon Health & Science University
Background
Approximately 40% of human cochlear synapses are lost by 50 years of age. Animal studies suggest that high
threshold auditory nerve fibers, thought to facilitate listening in noisy environments, may be particularly
vulnerable to synaptopathy. Thus, it has been proposed that cochlear synaptopathy may explain why 10% of
the general population reports difficulty understanding speech in noise despite normal audiometric thresholds.
Detection of amplitude modulations is a key component of speech perception that may be impaired in
otherwise normal-hearing humans due to synaptopathy. Mongolian gerbils have excellent low-frequency
hearing, enabling us to study damage to the auditory system at frequencies relevant to human communication.
Further, they show age-related loss of 15-25% of spiral ganglion cells by 30 months of age, and this loss may
be exacerbated by noise exposure at a young age.
Methods
We measured sinusoidal amplitude modulation (SAM) detection thresholds in young gerbils (5 months of age)
with no noise exposure and old gerbils (31 months of age) who were noise exposed at 3.5 months of age. The
noise exposure was designed to maximize damage in the 2-4 kHz region while minimizing permanent
threshold shifts (1-2 kHz octave-band noise, 109-115 dB SPL for 2 hours).
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The gerbils were trained on a go/no-go task in which the target was a 75 dB SPL, 5 Hz SAM tone embedded
in a continuous broadband noise masker (20, 40, or 60 dB SPL, switched between behavior sessions). Target
tone frequency, which varied from trial to trial, was chosen from a set of three values within and outside the
expected noise-induced cochlear lesion. To measure the psychometric function, modulation depth was
randomly varied from 12.5% to 100% on each trial. No modulation was presented on no-go (catch) trials.
Results
In young gerbils, the SAM detection threshold was 23% and did not vary with tone frequency or masker level.
In contrast, old gerbils had SAM detection thresholds that matched that of their younger counterparts only for
the tone frequency at the lower edge of the expected noise-induced cochlear lesion (1.42 kHz) at the lowest
masker level (20 dB SPL). In older gerbils, at all three target frequencies, SAM detection thresholds were 48% poorer in 60 dB SPL noise than in 20 dB SPL noise. The greatest age-related increase in detection threshold
(8%) occurred at 2.84 kHz, where maximal damage from the noise exposure was expected.
Conclusions
Although we cannot rule out the possibility of other age-related deficits (e.g., strial or outer hair cell damage)
contributing to the elevated SAM detection thresholds at higher masking levels, these results are consistent
with age-related loss of cochlear synapses that may be exacerbated by noise exposure. Further experiments
will clarify the source of the deficit.
SA13. Disruption of Schwann Cell Erbb Receptor Signaling Results in Auditory Nerve
Hypomyelination and Hidden Hearing Loss
Auditory Nerve
Luis Cassinotti*1, David Kohrman1, Beatriz Borges1, Lingchao Ji1, Aditi Desai1, Mary Caroline Yuk1, Gabriel
Corfas1
1
University of Michigan, Kresge Hearing Research Institute
Background
We have shown that defects in myelination of the peripheral segment of the auditory nerve caused by either
transient demyelination (Wan et al 2019) or mutations that cause Charcot-Marie Tooth A1 (Cassinotti et al
2020) lead to hidden hearing loss (HHL). However, the impact of defects in peripheral myelin development
on hearing remain unclear. The trophic factor Neuregulin 1 (NRG1) and its receptors, the ErbB receptor
tyrosine kinases (ErbBRs), play essential roles in the regulation of myelin development in other peripheral
nerves. NRG1 is expressed by peripheral neurons, and the ErbBRs by Schwann cells. To determine the roles
of NRG1-ErbBR signaling in auditory nerve myelination and hearing, we evaluated CNP-DN-ErbB4 mice, a
transgenic line that expresses a dominant-negative ErbB4 receptor in Schwann cells and blocks their responses
to NRG1. We previously demonstrated that CNP-DN-ErbB4 mice exhibit sciatic nerve hypomyelination that
is associated with decreases in expression of myelin genes and in nerve conduction velocity (Chen et al 2006).
Since type I spiral ganglion neurons express NRG1, while ErbB2 and ErbB3 receptors are expressed by
Schwann cells, we hypothesized that loss of Schwann cell ErbBR signaling could affect auditory nerve
myelination and function.
Methods
We recorded auditory brainstem response (ABRs) and distortion product otoacoustic emission (DPOAEs) in
3 and 4-month-old CNP-DN-ErbB4 mice and their wildtype littermates. We characterized the state of auditory
nerve myelination by confocal and electron microscopy.
Results
CNP-DN-ErbB4 mice (3 and 4-months-old) exhibit normal DPOAE and ABR thresholds but reduced ABR
peak-1 amplitudes in response to suprathreshold sounds, a hallmark of HHL. ABR peak-1 latencies are
delayed in mutant mice, suggestive of reduced nerve conduction velocity. Electron microscopy analysis shows
hypomyelination of auditory nerve axons in CNP-DN-ErbB4 mice and, RT-qPCR studies demonstrate
reduced myelin genes expression levels, indicating NRG1-ErbBR signaling is required for normal myelin
development in the auditory nerve. Furthermore, auditory nerve heminodes, the putative action potential
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initiation site, are disrupted in CNP-DN-ErbB4 mice, consistent with a critical role for these myelin structures
in synchronous neural transmission in the cochlea.
Conclusions
We demonstrate that NRG1-ErbBR signaling regulates myelin development in the auditory nerve. Moreover,
we show that the consequences on auditory nerve function and structure resulting from defects in myelin
development caused by loss of ErbBR signaling are very similar to those caused by transient demyelination
(Wan et al 2017) and CMT1A mutations (Cassinotti et al 2020). Interestingly, the most consistent finding in
the 3 models is heminodal defects, supporting the hypothesis that heminode disruption can cause HHL. Our
findings in mice suggest that many patients suffering from peripheral myelin disorders are likely to suffer
from HHL, and that modulation of NRG1/ErbBR signaling might have therapeutic effects in the context of
HHL caused by myelinopathy. Research supported by R01DC018500.
SA14. Analysis of Afferent Input Integration in Medial Olivocochlear Neurons
Auditory Pathways: Brainstem
Matthew Fischl*1, Catherine Weisz1
1
National Institutes of Health
Background
Medial olivocochlear (MOC) neurons provide efferent feedback to the cochlea and modulate outer hair cell
(OHC) electromotility via cholinergic signaling. MOC neurons reside in the ventral auditory brainstem where
most receive their main excitatory drive from the contralateral ear and then project back contralaterally to
OHCs. Our recent work demonstrates that MOC neurons also receive inhibitory inputs from neurons of the
ipsilateral medial nucleus of the trapezoid body (MNTB). These MNTB neurons receive excitatory inputs
from globular bushy cells in the contralateral cochlear nucleus (CN). Therefore, MOC neurons receive primary
afferent excitatory and inhibitory inputs driven by sound to the contralateral ear. To understand how these
multiple sound-evoked inputs integrate we employ a recently developed in vitro brain slice preparation with
the goal of understanding the impact of inhibition at both the synaptic and circuit levels.
Methods
We use an asymmetric wedge-shaped slice with an intact CN on one side which allows us to stimulate the
auditory nerve (AN), activating the CN and subsequent ascending circuitry, evoking postsynaptic responses
in MOC neurons. Wedge slices are prepared from the ChAT-IRES Cre x tdTomato mouse line where
cholinergic MOC neurons fluoresce and can be targeted for patch-clamping. We quantify timing, kinetics,
magnitude and plasticity metrics in evoked postsynaptic events. Additionally, we use stimulation of the ventral
acoustic stria (VAS) to: 1) compare VAS evoked events to those evoked via AN stimulation and 2)
demonstrate the capability of inhibition to modulate synaptically evoked action potentials (APs).
Results
Stimulation of the AN evoked postsynaptic currents (PSCs) in MOC neurons in the contralateral hemisphere.
Single stimuli evoked multi-peaked responses with distinct latencies. Inhibitory PSCs were isolated by
clamping the holding potential at 0mV, the approximate reversal potential for AMPA type glutamatergic
currents, during stimulation. Across the population of neurons, AN evoked PSC patterns varied considerably,
with excitatory PSCs most often preceding inhibitory PSCs. With AN stimulation, average latency to the first
PSC was significantly longer when compared to VAS stimulation. Pharmacological blockade of inhibitory
receptors during train stimulation of the VAS resulted in increased AP firing and decreased latency to first
spike.
Conclusions
These results demonstrate the utility of the wedge slice for analysis of the integration of afferent inputs to the
MOC. The increased latency observed with AN stimulation (relative to VAS stimulation) is indicative of the
additional synaptic delay incurred at the AN/CN synapses present and active in the wedge slice. The highly
variable AN evoked PSCs suggests a diversity of input patterns. With VAS evoked spiking, the increase in
AP firing rates during inhibitory receptor block suggests that the input from MNTB neurons acts to reduce
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MOC activity. Future experiments will aim to corroborate these results while stimulating the AN in the intact
circuit.
SA15. A Convolutional Neural-Network Model of Human Auditory Evoked Potential Generators for
Real-Time Applications and Studies of Hearing Impairment
Auditory Pathways: Brainstem
Fotios Drakopoulos*1, Deepak Baby1, Arthur Van Den Broucke1, Sarineh Keshishzadeh1, Sarah Verhulst1
1
Ghent University
Background
Hearing-impaired auditory periphery models have been widely adopted in the design of hearing-aid fitting
rules and can help to develop sensitive auditory-evoked potential (AEP) metrics that quantify the cochlear
synaptopathy (CS) and outer-hair-cell (OHC) aspects of sensorineural hearing loss. While biophysically
inspired auditory models have progressed to accurately capture the nonlinear and dynamic properties of the
neuronal processes associated with hearing, they typically comprise mechanistic descriptions and coupled sets
of ordinary differential equations, rendering these models slow to compute. At the same time, the model
equations contain nonlinearities that make it difficult to “reverse-engineer” or “back-propagate” when
designing optimal sound processing aimed at compensating the functional effects of SNHL on auditory model
responses.
Methods
To offer a model framework for a number of applications that require fast computing of auditory peripheral
responses (single-unit or population response) and that can be used in back-propagating networks, we present
a hybrid approach in which convolutional neural network (CNN) techniques are combined with computational
modelling to yield a fast and differentiable model of the human auditory periphery. We trained a CNN
architecture to learn the computations performed by a state-of-the-art biophysical model that simulates human
cochlear mechanics, the inner-hair-cell (IHC) and auditory-nerve-fiber (ANF) complex, and auditory
brainstem processing. Speech corpus material was used for training, and model performance was compared
against animal and human reference data and simulations from analytical auditory periphery models using
auditory stimuli it did not see during training (pure tones, clicks, etc.).
Results
The resulting model (CoNNear) offers a significant execution speed-up when compared to state-of-art
analytical auditory model computations. Human population responses, including compound action potential
(CAP), auditory brainstem response (ABR) wave-I, III and V, and envelope following responses (EFR), can
be simulated across a large number of cochlear tonotopic locations.
We followed a modular approach in which different CNN model units were used for cochlear, IHC, ANF and
brainstem neuron processing, to facilitate the simulation of different SNHL aspects. CS can be simulated by
changing the population of LSR, MSR and HSR ANF units, and OHC damage can be simulated by replacing
the cochlear front-end with hearing-impaired versions of the normal-hearing cochlea which mimic cochlear
processing associated with impaired audiograms.
Conclusions
Because the CoNNear architecture is based on parallel and differentiable computations, it has a wide
application area in the machine-hearing and hearing-aid signal processing domains. At the same time, the
framework can be applied for the development of large-scale neural-network circuits aimed to advance our
knowledge of unknown neuronal circuits such as subcortical feedback pathways, or the human auditory cortex.
Work supported by the European Research Council (ERC-StG-678120, RobSpear).
SA16. Leveling Up: A Long Range Glycinergic Projection From the Superior Olive to the Thalamus
Auditory Pathways: Brainstem
Alyson Burchell1, Yusra Mansour1, Randy Kulesza*1
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Lake Erie College of Osteopathic Medicine

Background
Neurons in the medial nucleus of the trapezoid body (MNTB) play a number of essential roles in hearing.
Through short-range, local projections to nuclei in the superior olivary complex (SOC), the MNTB functions
in coding of interaural timing and intensity differences and creating offset responses. The MNTB also sends
axons beyond the SOC into the lateral lemniscus that innervate the ventral and intermediate nuclei of the
lateral lemniscus. A number of tract tracing studies have shown that the MNTB does not innervate the dorsal
nucleus of the lateral lemniscus or the inferior colliculus. However, in a series of tract tracing experiments
utilizing large deposits of the retrograde tracer fluorogold in the medial geniculate, we observed retrogradely
labelled neurons in the ipsilateral MNTB.
Methods
We therefore undertook a systematic series of experiments retrograde tract tracing experiments combined with
immunohistochemistry to investigate a possible long-range projection of the MNTB.
Results
First, to account for possible spillage of FG from the needle tract we made control injections into the
subarachnoid space. These injections resulted in no FG labeling in the MNTB or SOC. When large deposits
of FG (200 nl) were made in the diencephalon that included the ventral and medial nuclei of the medial
geniculate, we found about 20% of MNTB neurons were labeled ipsilateral to the injection site. Small
projections from the MNTB to the MG have been reported in guinea pigs, but it was suggested that
retrogradely labeled neurons in the MNTB were not principal neurons. In 4 animals with large FG injections
and FG+ MNTB neurons, we found that ~90% of MNTB neurons retrogradely labelled from the MG were
also calbindin positive. Smaller injections of FG reveal that the largest number of MNTB neurons are labelled
from the vMG and intralaminar nuclei immediately ventral to the vMG. Immunolableing for the glycine
receptor reveals that many vMG neurons express GlyR1, but the highest density of GlyR1 labelling was found
in the intralaminar nucleus.
Conclusions
Together, these results suggest that a small proportion of MNTB axons bypass the midbrain but target multiple
thalamic centers.
SA17. Subcortical Responses to Temporal Fine Structure and Pitch of Continuous Speech
Auditory Pathways: Brainstem
Florine L. Bachmann*1, Ewen N. MacDonald2, Jens Hjortkjær1
1
Technical University of Denmark, 2University of Waterloo
Background
Subcortical responses in the auditory brainstem and midbrain are traditionally assessed with repetitions of
basic stimuli such as clicks or syllables. Auditory processing at the subcortical and cortical stages are
compared using different stimuli (e.g. Presacco, Simon & Anderson, 2016a, 2016b, 2017). However, recently
published approaches based on stimulus-response models indicate that subcortical responses can also be
measured using continuous speech. Maddox and Lee (2018) showed responses to temporal fine structure
(TFS) information, while Etard et al. (2019) and Forte et al. (2017) showed subcortical responses to pitch
information. Due to differences in the analysis between studies, it is unclear whether these results reflect
distinct subcortical processing of TFS and pitch.
Methods
We evaluate both features on the same dataset and compare them to auditory brainstem responses measured
to traditional click stimuli (click-ABRs). Following the original studies, responses to TFS and pitch were
assessed with linear regression and cross-correlation, respectively. Data was collected from 19 (12 female)
normal-hearing native Danish speakers (Mage = 23.13 ± 2.31 years), using a BioSemi ActiveTwo system
(full-head, 32 electrodes, fs = 16384) and ER-2 insert earphones. Audio stimuli consisted of an audiobook cut
into 36 trials of 50s presented at 65 dB SPL, and five minutes of a 10 Hz click-train at 93 peak-to-peak
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equivalent SPL (3000 clicks in total). In the audiobook part, participants were asked three multiple-choice
comprehension questions after each trial, one of them was known before hearing the trial (Mcorrect = 91.13
± 4.28%, all >80%).
Results
For both the TFS and pitch features, the responses were highly specific to the time-aligned speech signal.
Average response peak latencies occurred at 8.30 ms and 7.63 ms for TFS and pitch, respectively. Latencies
from the click-ABR wave V and the TFS response peak were correlated (ρ = 0.72, p < 0.001), whereas no
such correlation was found for the pitch approach (p > 0.05).
Conclusions
The results suggest a common neural generator of the TFS response peak and click-ABR wave V. However,
more research is needed to determine whether the approaches measure distinct responses to the TFS and pitch
features, or whether different filtering of the model inputs in combination with divergent regularization
parameters in the regression model highlight other aspects of the same underlying neural activity. In either
case, the novel approaches are objective measures of subcortical responses to complex non-repetitive stimuli
and could eventually complement current methods for clinical diagnosis of auditory processing at the
brainstem or midbrain level. It further enables the simultaneous observation of neural responses at the
subcortical and cortical level to the same real speech signal. This yields additional potential implications for
hearing loss research, diagnosis, and intervention, e.g. in automated hearing aid fitting.
SA18. mGluR-Triggered Rhythmic Spontaneous Synaptic Transmission in Mouse MNTB Neurons
Auditory Pathways: Brainstem
Kang Peng1, Yong Lu*1
1
Northeast Ohio Medical University
Background
Rhythmic action potentials are usually generated via intrinsic ionic mechanisms in CNS pacemaking neurons.
The targets of these pacemaking neurons, consequently, receive rhythmic neurotransmitter release and
generate synaptic responses of regular inter-event intervals (IEIs). In sensory processing, such rhythmic
activities can be induced by artificially manipulating the sensory stimuli in such a way that neural responses
timely lock to the stimuli with regular IEIs. Spontaneous transmitter release in CNS neurons, however, is
considered as a stochastic process, with synaptic vesicles released at random, rending the prediction of the
timing of the next event impossible. Furthermore, metabotropic glutamate receptors (mGluRs) typically
mediate slow-onset and long-lasting modulatory effects on neuronal properties, uncommonly associated with
rhythmic neural activities. Here, we report a novel yet intriguing phenomenon: mGluR-triggered rhythmic
spontaneous transmitter release in mouse MNTB neurons.
Methods
Brainstem slices were prepared from C57/B6 mice of either sex, and whole-cell voltage-clamp recordings
were performed at 35 °C. Spontaneous inhibitory and excitatory postsynaptic currents (sIPSCs and sEPSCs)
were isolated pharmacologically.
Results
Intriguingly, rhythmic sIPSCs and glutamatergic sEPSCs were elicited by activation of group I mGluRs with
bath application of 3,5-DHPG (200 µM). We observed this phenomenon in both wildtype and Fmr1 (the gene
for fragile X mental retardation protein, FMRP) knockout mice. Proportionally, more wildtype cells displayed
rhythmic sIPSCs than knockout cells, suggesting that FMRP may play a role in the rhythmogeneration at the
inhibitory synapses. For the excitatory synapses, bursts of spontaneous release events of large amplitude were
generated. Within each burst, single release or sub-bursting events were periodic. Cell-attached experiments
provided evidence for rhythmic spike generation in the presynaptic cells, in response to 3,5-DHPG (200 µM).
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Conclusions
Activation of group I mGluRs triggered rhythmic spontaneous transmitter release at MNTB, possibly due to
rhythmic spike generation at the presynaptic cells. Such patterned spontaneous transmission may play a role
in the development of auditory circuitry.
SA19. Distinguishing Inferior Colliculus Sensitivity to Periodicity Versus Frequency-Chirp Velocity in
Schroeder-Phase Complexes
Auditory Pathways: Midbrain
Paul Mitchell*1, Laurel Carney1
1
University of Rochester
Background
Schroeder-phase stimuli (SCHRs) are harmonic complexes with flat magnitude spectra and specific phase
spectra that control the stimulus envelope. Notably, SCHRs also contain frequency chirps within each
fundamental period. Velocity of these chirps can be controlled by changing fundamental frequency, and
direction by inverting the phase spectra. Based on physiological results in rabbit and gerbil, neurons in the
inferior colliculus (IC) are sensitive to the direction and velocity of frequency chirps in SCHRs. However,
SCHRs have strong periodicity, a stimulus feature to which most IC neurons are tuned. The goal of this study
was to determine whether IC neurons are sensitive to SCHR chirps if periodicity were removed.
Methods
We designed a stimulus consisting of a sequence of randomly varying SCHR (VSCHR) chirp clusters. Clusters
are randomly spaced, and the number of chirps within a cluster was varied between one and three. Chirp
fundamentals are randomly varied from 25 to 600 Hz, with either an upward or downward direction. Individual
chirps were windowed using raised cosines to eliminate transients. Over the course of the entire stimulus, an
equal number of chirp clusters were presented with each fundamental and either direction. Extracellular,
single-unit recordings were made in the IC of awake rabbits using tetrodes. Neural responses to different
SCHR chirp clusters were analyzed with peristimulus time histograms. Response rate for each chirp condition
was calculated by summing the number of action potentials following chirp onset over a time window equal
to the fundamental period.
Results
Response preferences to chirp direction and velocity often aligned between SCHR and VSCHR presentations.
Rate per cycle histograms revealed that responses to SCHR and VSCHR often shared timing properties as
well as average rate. Additionally, response strength was often modulated by the number of periods in a
cluster.
Conclusions
These results indicate that the sensitivity of IC neurons to direction and velocity of SCHR chirps is preserved
even without periodicity, although periodicity modulates response properties. Importantly, the fact that a
single SCHR chirp is not a harmonic or periodic signal suggests that these IC neurons have a strong selectivity
towards the frequency chirps themselves. The speed of chirps found in these stimuli is much faster than those
in previously studied sounds. IC sensitivity to these chirps is largely unstudied and may have implications for
encoding of complex sounds. SCHR chirps arise from phase differences between harmonic components; such
phase differences are also present in voiced speech sounds and most musical instrument sounds. The
sensitivity of IC neurons to chirps may be a neural mechanism involved in encoding and understanding speech
and other complex sounds.
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SA20. Reconstruction of Dry and Reverberant Speech From Ensemble Responses in the Auditory
Midbrain
Auditory Pathways: Midbrain
Oded Barzelay*1, Stephen David2, Bertrand Delgutte3
1
Harvard Medical School & Eaton-Peabody Laboratories Massachusetts Eye and Ear Infirmary, 2Oregon
Health & Science University, 3Massachusetts Eye & Ear
Background
Reverberation is ubiquitous in everyday acoustic environments. It degrades both binaural cues and the
envelope modulations of sounds and thus can severely degrade speech perception, especially in hearingimpaired individuals. Still, both humans and animals can accurately perceive reverberant stimuli in most
everyday settings. Despite the importance of reverberation, the neural mechanisms that allow accurate
localization and identification of sounds in reverberation are still unknown. Some studies from the auditory
midbrain (Slama and Delgutte, 2015, JNeurosci. 35:4452) and auditory cortex (Mesgarani et al., 2014, PNAS
111:6792) have suggested the existence of neural mechanisms that partially compensate for the effects of
reverberation. However, these studies were limited by their use of either highly simplified stimuli or
rudimentary reverberation simulations.
Methods
To further characterize how reverberant stimuli are processed along the auditory pathway, we recorded singleunit (SU) and multiunit activities (MUAs) from the inferior colliculus (IC) of unanesthetized rabbits in
response to speech utterances with no reverberation (“dry”) and various degrees of simulated reverberations
(direct-to-reverberant energy ratios ranging from 9.4 dB to –8.2 dB). To quantify the amount of speech
information available in the responses of the neural population, we used linear stimulus reconstruction
techniques (Mesgarani et al., 2009, JNeurophysiol 102:3329). Optimal mean-squared error reconstruction
filters (“dry-filters”) were derived from a training set of responses to the dry stimulus condition and for various
ensembles of units. We then applied these dry-filters to the responses of both dry (testing set) and reverberant
stimuli to obtain reconstructed spectrograms and compared the reconstructed spectrograms to the spectrogram
of the original dry speech.
Results
Spectrograms reconstructed from responses of 25-50 units to dry speech usually showed good resemblance to
the original speech spectrograms. Reconstructions based on MUAs were more accurate than reconstructions
from SU activities (Average Pearson correlation coefficients for reconstructions based on 100 units: 0.917 for
MUA vs. 0.877 for SU), but for both MUAs and SUs the reconstruction quality deteriorated with increasing
reverberation. For each reverberant condition, the amount of degradation in the reconstructed spectrogram
was proportional to the mean deviation between the reverberant speech spectrogram and the dry spectrogram,
i.e., the neural degradation paralleled the degradation in the stimulus. Furthermore, spectrograms
reconstructed with dry-filters from responses to reverberant stimuli resembled spectrograms of reverberant
speech better than spectrograms of dry speech.
Conclusions
Linear spectrogram reconstructions from small samples of IC units were good for the dry stimulus condition
and robust in mild reverberation but deteriorated in severe reverberation. Overall, the results provide no
evidence for compensation for the effects of reverberation in neural responses from the rabbit IC when studied
with linear reconstruction techniques.
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SA21. Pitch Discrimination, Sentence Recognition and Emotion Identification in Young and Elderly
Normal Hearing Adults
Auditory Prostheses
Lendra Friesen*1, Robert Morse1
1
University of Connecticut
Background
The ability to perceive pitch changes requires sensitivity to changes in the fundamental frequency (F0) of the
vocal fold vibration. For listeners with hearing impairment, particularly those with cochlear implants (CIs),
the pitch cue is primarily conveyed by the temporal-envelope of speech because spectral cues are degraded by
hearing loss and CI processing.
Some studies suggest that older people with normal hearing are less sensitive than younger listeners to changes
in F0, whether they listen to unprocessed sounds or sounds that have been vocoded to simulate the loss of
spectral cues in CIs. These studies, however, only used harmonic complexes rather than real speech. It is
therefore still unknown how sensitivity to F0 in artificial stimuli relates to real-life listening situations.
The aims of this study were to compare F0 discrimination using vocoded harmonic complexes in younger and
elderly individuals with normal hearing (at least up to 2000 Hz) and their performance on more real-life
listening tasks by:
1)
Measuring F0 discrimination with reference F0 of 100 or 200 Hz,
2)
Measuring sentence recognition in quiet and in +5 dB SNR babble using male and female talkers, and
3)
Measuring emotion identification using male and female talkers.
Methods
Seventeen participants (11 young; 19-26 years of age) and (6 elderly; 65 – 78 years of age) completed four
hours of testing divided into two separate days. Each day consisted of three different tests that were randomly
ordered. The three tests consisted of a 3-alternative forced choice (3AFC) F0 discrimination task, emotion
identification, and IEEE sentence recognition with different-sex talkers and listening conditions.
Results
For all conditions, the Weber fraction (ΔF/F) was poorer for older listeners indicating that they were less
sensitive to changes in F0 than younger listeners. Both older and younger listeners were more sensitive to
changes in F0 with a reference F0 of 200 Hz than for 100 Hz. An ANOVA showed that the main effects of
age and reference frequency were significant.
Sentences were significantly more intelligible in quiet than in noise for both older and younger listeners
irrespective of the gender of the speaker.
For emotion recognition, older listeners found it harder to determine the emotion of a speaker across the talker
gender and speech processing (vocoded vs original) conditions.
Conclusions
We found that older participants are less sensitive to changes in F0 than younger listeners. Also, the differences
in F0 sensitivity appear related to the ability to perform real-world listening tasks.
SA22. Towards a Human Size, Fully Implantable Optical Cochlear Implant
Auditory Prostheses
Claus-Peter Richter*1, Brennan Amedee O'Gorman1, Xiaodong Tan1
1
Northwestern University Medical School
Background
Optical stimulation with either infrared light or through an optogenetic approach has been pushed towards a
possible clinical application. With optical stimulation it is anticipated that the number of independent channels
will increase and improve performance of cochlear implant users in noisy listening environments, improve
pitch perception, which is important for tonal languages and music perception. One year ago, during the last
ARO meeting, we have presented a prototype for an opto-electrical cochlear implant with 6 optical channels
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and 6 electrical channels. The current source for the optical emitters was controlled by a contemporary
cochlear implant and the electrical channels were provided by the contemporary implant itself. The prototype’s
dimensions were 240mm x 90mm x 25mm and the device’s core technology was the contemporary implant
with and optical add on. With NIH funding we have furthered the first prototype and have developed an
independent and fully implantable device over the last year.
Methods
Speech processor and stimulator: We added a chip for electrical stimulation, a microphone, and an embedded
microcontroller. For the fabrication of the electrodes, we used platinum rings for the electrical contacts and
side emitting laser diodes for the optical stimulation. Wires were contacted with conductive epoxy. The
stiffness was modified by the arrangement of the wires, and by the type and the thickness of the silicone.
Results
It was possible to shrink the dimensions of the device to 20mm x 10mm x 5mm for a fully implantable 16channel electrical and 6-channel optical hybrid implant device. Bending stiffness and insertion force of the
opto-electrical array compare to the values obtained from conventional all electrical electrodes. Electrical
output: biphasic charge balanced pulses of 0-2 mA. Optical output pulses, 75-100 µs, at 1375 nm (wavelength
can be changed by selecting different emitters) with a radiant power of 0-500mW.
Conclusions
With the recent progress we have a device that is small enough to be implanted in a small animal, such as a
guinea pig, for chronic testing. The progress also allows us to start the regulatory pathway for an
Investigational Device Exemption (IDE).
This research was funded by the NIH/H/NIDCD through a R56DC017492 to CPR.
SA23. Enhancing Interpretability of Intracochlear Electrocochleography During Cochlear
Implantation by Comparison With Simultaneous Extracochlear Recordings
Auditory Prostheses
Flurin Pfiffner*1, Sonia Tabibi1, Norbert Dillier1, Kanthaiah Koka3, Christof Röösli1, Alexander Huber1,
Adrian Dalbert2, Leanne Sijgers1
1
University of Zürich, 3Advanced Bionics LLC
Background
Electrocochleography (ECochG) is the recording of electrical potentials generated by the cochlea in response
to acoustic stimulation. While ECochG has been performed in humans since 1935, the desire to preserve
residual hearing following cochlear implantation has recently led to the use of ECochG as an intra-operative
monitoring tool. Cochlear implant (CI) manufacturers have enabled real-time measurements of ECochG
responses through the most apical electrode of the CI using back-telemetry. However, interpretation of these
intracochlear recordings during implantation remains difficult. As the recording electrode moves with respect
to the different signal generators in the cochlea, response changes can result solely from a changing
contribution of the underlying generators in the absence of cochlear trauma. In this study, we compare ECochG
signals recorded simultaneously from the tip of the electrode array and from a fixed extracochlear location.
We hereby aim to characterize patterns in intracochlear ECochG responses and their correspondence to
extracochlear ECochG response patterns.
Methods
ECochG responses to 500 Hz tone bursts with alternating starting phases were recorded during CI insertions
in six human CI recipients, and the difference and sum curves were derived. The electrode array was inserted
in a stepwise manner, and the insertion depths during ECochG recordings were marked.
Results
Abrupt or slowly progressing phase changes in intracochlear recordings were observed in the difference curves
of all subjects, without corresponding phase changes in extracochlear recordings. Abrupt phase shifts of
approximately 180 degrees occurred in three cases. An amplitude decrease with associated phase shift and
harmonic distortion in the intracochlear signal during the first half of insertion was not accompanied by a
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decrease in the extracochlear response amplitude (n=1). However, decreases in amplitudes of intracochlear
responses occurred near full insertion for two subjects and did correspond to extracochlear amplitude
decreases.
Conclusions
Phase shifts and amplitude decreases in intracochlear ECochG recordings can be observed without associated
changes in extracochlear recordings, likely caused by movement of the recording electrode with respect to the
different signal generators. Comparison of intracochlear ECochG recordings with simultaneous extracochlear
recordings could enhance the interpretation of ECochG changes and potentially allow for differentiation
between traumatic and atraumatic changes in intracochlear recordings.
SA24. Neural Correlates of Speech-In-Noise Variance in Cochlear Implant Users
Auditory Prostheses
Joel Berger*1, Phillip Gander1, Subong Kim2, Adam Schwalje21, Jihwan Woo3, Young-min Na3, Ann
Holmes4, Jean Hong21, Camille Dunn21, Marlan Hansen21, Bruce Gantz21, Bob McMurray5, Timothy
Griffiths6, Inyong Choi5
1
University of Iowa Hospitals and Clinics, 2Purdue University2 3University of Ulsan, 4University of Louisville,
5
University of Iowa, 6Biosciences Institute, Newcastle University
Background
Understanding speech in noise (SiN) is a complex task that recruits multiple cortical subsystems. Variance is
evident in an individual’s ability to understand SiN that cannot be explained by simple hearing profiles, and
recent work by our own group highlighted central factors underlying the variance in SiN ability in normal
hearing (NH) subjects. In the current study, we sought to explore predictors that accounted for variance in
speech-in-noise ability in a large cohort of cochlear-implant (CI) users, and to develop a simple
electrophysiological correlate that could be implemented in clinics.
Methods
We examined performance on the California Consonant Test (CCT) whilst recording electroencephalography
(EEG) in 124 post-lingually deafened CI users. In many subjects, we also collected data on two commonly
used clinical measures of speech perception (AzBio, and Consonant-Nucleus-Consonant [CNC]). For the
purposes of generalizability to clinics, we assessed activity at a single vertex electrode (Cz) and included N1
and P2 event-related potentials (ERPs) at this location in a multiple linear regression analysis, along with
several other relevant factors.
Results
In general, there was a good agreement between the scores on the three tasks. Interestingly, the strongest
predictors for performance were N1-P2 ERP amplitudes for both simultaneous task (i.e., CCT) and nonsimultaneous tasks (AzBio and CNC), even above factors such as residual low-frequency hearing thresholds.
There were differences in the weighting of the contribution of the components (N1 or P2) to the variance
within each task that may highlight some important differences about the cognitive features each task capture.
Importantly, whereas NH listeners performance appeared to be driven by the ability to suppress their cortical
responses to noise, CI user performance seemed to be instead driven by an increased cortical response to the
target word.
Conclusions
Overall, these data indicate a neurophysiological correlate of speech-in-noise performance that can relatively
easily be captured within the clinic, thereby revealing a richer profile of an individual’s hearing performance
than shown by psychoacoustic measures alone.
SA25. Acute Effects of Cochlear Implantation on Cochlear Microphonics and the Compound Action
Potential in Normal-Hearing Guinea Pigs
Auditory Prostheses
Saad Jwair*1, Dyan Ramekers1, Anat Bouwmeester1, Hans G.X.M. Thomeer1, Huib Versnel1
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University Medical Center Utrecht

Background
Electrocochleography (ECochG) refers to the recording of the electrical activity of hair cells and of the
auditory nerve in response to acoustic stimuli. Once primarily an experimental tool for fundamental hearing
research, ECochG is increasingly used for clinical purposes, specifically in cochlear implant (CI) surgery.
Before, during, and after insertion of the electrode array ECochG is being recorded, but the observed results
are often poorly understood. Here we aim to elucidate ECochG affected by acute cochlear trauma by
performing cochlear implantation in normal-hearing guinea pigs while performing ECochG at multiple time
points during the procedure.
Methods
Seven normal-hearing guinea pigs were anesthetized, tracheostomized, and artificially ventilated with 1-2%
isoflurane in O2 and N2O (1:2) throughout the experiment. Acute cochlear implantation consisted of (1) retroauricular bullostomy to expose the cochlear round window and basal turn, (2) hand-drilling of a 0.5-mm
cochleostomy in the basal turn approximately 0.5 mm from the round window, (3) insertion of a short (around
4 mm) four-contact animal electrode array (Advanced Bionics). Before and after each of these steps, ECochG
was performed using a fixed golden-ball electrode on the round-window membrane. Acoustical stimulation
(clicks and 0.25-32 kHz tones) and data acquisition was controlled using a TDT RZ6 and custom-made
software. The ECochG signal was analyzed in terms of amplitude and threshold of cochlear microphonics
(CM) and of the compound action potential (CAP).
Results
For each animal the cochleostomy affected the CAP and CM. The CAP threshold shifts varied from 10 to 60
dB at 8 and 16 kHz. Threshold shifts were observed not only for high frequencies near the site of the
cochleostomy but also, albeit to a smaller extent, for the lower frequencies. For 4 out of 7 animals the CAP
and CM amplitudes recorded at high sound levels (~90 dB SPL) decreased to less than 10% of the original
value, in the other 3 animals the CAP and CM decreased to around 50%. For all animals, after insertion of the
electrode array, the responses further declined showing final threshold shifts of 20 to 70 dB at 8 and 16 kHz.
Conclusions
ECochG is greatly affected by both cochleostomy and subsequent insertion of an electrode array. Even though
the cochleostomy is drilled in the basal turn and the electrode array does not reach beyond the basal turn,
ECochG responses to the lower frequencies are significantly affected as well. This implies that both
cochleostomy and subsequent array insertion can affect the low-frequency residual hearing of CI recipients,
even with relatively short arrays located basally in the cochlea.
SA26. A Robust and Broadly Applicable Method for Characterizing the Slope of the Electrically
Evoked Compound Action Potential Amplitude Growth Function
Auditory Prostheses
Jeffrey Skidmore*1, Dyan Ramekers2, Deborah Colesa3, Kara Schvartz-Leyzac4, Bryan Pfingst3, Shuman He1
1
The Ohio State University, 2University Medical Center Utrecht, 3University of Michigan, 4Medical University
of South Carolina
Background
Amplitudes of electrically evoked compound action potentials (eCAPs) as a function of the stimulation level
constitute the eCAP amplitude growth function (AGF). The slopes of eCAP AGFs recorded from cochlear
implants have repeatedly been shown to be associated with the survival of auditory nerve fibers in animal
models. Specifically, steeper slopes of the eCAP AGF indicate a greater density of surviving spiral ganglion
neurons (SGNs) in Rosenthal’s canal (e.g., Ramekers et al., 2014, JARO, vol 15; Pfingst et al., 2017, JARO,
vol 18). However, various approaches have been used to calculate slopes of eCAP AGFs in different studies,
which makes it challenging to compare results across studies, and which may partially account for the
inconsistency in the association between the slope of the eCAP AGF and speech perception scores in cochlear
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implant (CI) patients reported in the literature (e.g., Franck & Norton, 2001, Ear Hear, vol 22; Kim et al.,
2010, Otol Neurotol, vol 31). In the present study, we present a unifying and robust eCAP AGF fitting method
that is applicable for both animal and human studies.
Methods
We created a generally applicable eCAP AGF fitting method, which utilizes sliding window linear regression,
and comprehensively compared it with four methods reported in the literature for calculating the slope of the
eCAP AGF. The slope fitting results from 72 AGFs recorded in acutely implanted guinea pigs and 46 AGFs
recorded in chronically implanted guinea pigs were compared to SGN density. The slope fitting methods were
also evaluated for 2094 AGFs recorded in human CI users from four patient populations.
Results
The slope of the eCAP AGF was significantly influenced by the choice of slope fitting method. Slopes
estimated using the newly developed method showed the highest correlation with SGN density among the five
fitting methods for the animal models. Additionally, as opposed to the other methods, the new method could
be used to estimate the slope for AGFs with poor signal-to-noise ratio and/or without saturation plateau in
both animal models and CI patients.
Conclusions
The novel slope-fitting method using sliding window linear regression addresses the limitations of the other
methods reported in the literature. The new method is broadly applicable and successfully characterizes the
slope of the eCAP AGF in animal models and various CI patient populations.
SA27. Open Board
SA28. Expression of Opsins in Auditory Neurons for Hybrid Optical-Electrical Activation
Auditory Prostheses
Rachael Richardson*1, Alexander Thompson1, Andrew Wise1, Elise Ajay1, Niliksha Gunewardene1, Stephen
O'Leary2, Paul Stoddart3, James Fallon1
1
Bionics Institute, 2University of Melbourne, 3Swinburne University of Technology
Background
Optical stimulation is a paradigm-shifting approach to modulation of neural activity. While electrical
stimulation is the convention for evoking neural activity in deafened cochlea, the electrical current which
spreads out from the stimulating electrodes activates a broad region of the cochlea making it difficult to
provide fine temporal structure of sound at all stimulating sites. Optical stimulation has the potential to provide
focused stimuli, but either requires high power infrared light or genetic modification of neurons to make them
responsive to lower power visible light. The aim of this work was to express channelrhodopsin light sensitive
ion channels in auditory neurons of mice or guinea pigs for optical activation after hearing loss. It examines
activation thresholds, spread of activation and maximum stimulating rates for optical stimulation, electrical
stimulation or the combination of these (hybrid stimulation).
Methods
Viral-mediated gene therapy was administered directly to the cochlea or semi-circular canal of C57BL/6 mice
(n=37) or guinea pigs (n=6). An Anc80 viral vector was used to express the channelrhodopsin variant ChR2H134R fused to an EYFP reporter gene under the control of the human synapsin-1 promoter. Light and
electrical stimuli were delivered to the cochlea via a laser-coupled optical fibre and platinum wire,
respectively. Response thresholds, spread of activation and entrainment data were obtained from multi-unit
recordings from the auditory midbrain of injected mice, as well as ChR2-H134R transgenic mice. Expression
of CHR2-H134R was examined by histology.
Results
In the mouse, transfection of auditory neurons by the Anc80 viral vector was most successful when injected
at a neonatal age with 90% of injected mice showing transfection throughout the cochlea, with up to 89% of
neurons transfected. Responses to optical stimuli were detected in a cochleotopic manner in all mice with
pg. 35

The Association for Research in Otolaryngology (ARO)
The 44th Annual MidWinter Meeting
Saturday, February 20, 2021, U.S. Eastern Time Zone

ChR2-H134R expression. There was a trend toward lower activation thresholds in mice with a higher
proportion of transfected neurons. Hybrid stimulation, comprised of sub-threshold optical stimulation and subor supra-threshold electrical stimulation, lowered the threshold for electrical activation. Spread of activation
was also significantly reduced with hybrid stimulation compared to electrical-only or optical-only stimulation
(p<0.01), while maximum stimulation rates were significantly higher for hybrid stimulation compared to
optical-only stimulation (p<0.05).
Conclusions
By combining optogenetic techniques with electrical stimulation in a cochlear implant, the light stimulus can
be used to ‘prime’ the neurons to a sub-threshold level of excitability that lowers the electrical activation
threshold, resulting in reduced spread of activation and an increased rate of stimulation that cannot be achieved
with optical stimulation alone.
SA29. The Effect of Hemispace, Velocity, and Direction on Spatial Localization of Moving Sounds
Binaural Hearing & Sound Localization
Lemira Esparza*1, Jeffrey Mock1, Edward Golob1
1
The University of Texas At San Antonio
Background
Motion influences the spatial localization of objects, with offset points overestimated in the direction of motion
(“representational momentum” RM). Most RM studies use visual stimuli, but RM is also present for auditory
stimuli. RM magnitude is positively associated with velocity in vision but can be negative in audition. This
study examined auditory RM in front vs. back hemispace to examine moving sounds that are in vs. out of the
visual field. Sound movement velocity and direction were also tested.
Methods
Participants (n=30) heard eccentric virtual sounds moving towards midline, which had an offset at one of 7
locations at or flanking midline (0° midline, ±4°, ±8°, ±16°). Participants made left/right judgments of the
offset location relative to front or back midline. The dependent variable was the point of subjective equality
(PSE), calculated by a psychometric function (offset location x % right). Analysis examined factors of
hemispace (front, back), velocity (20°/s, 40°/s), and movement direction (leftward, rightward). Static sounds
were also presented as a control. For each participant, PSEs for motion were corrected by subtracting the static
PSE in the corresponding hemispace and duration.
Results
Results showed that the PSEs for static front and back sounds were nearly identical, and slightly to the left of
midline (-1.3±0.2°). For moving stimuli, there was no main effect of hemispace, but velocity differences were
slightly greater in the front (interaction p<.05). Also, the offset location was overestimated at 20°/s (p=.009),
indicating RM, while at 40°/s there were underestimations (p<.001). Sounds moving rightward had greater
underestimations than leftward sounds (p=.002).
Conclusions
The velocity effect is similar to reports of decreased RM with increased velocities, but here the effect shifted
from overestimations at 20°/s (RM) to underestimations at 40°/s. The direction effect showed a left-right
asymmetry in auditory motion localization. In conclusion our results suggest auditory RM has different
properties than visual RM that are comparable in the front and back hemispaces.
SA30. Across-Frequency Generalization of Binaural-Cue Reweighting
Binaural Hearing & Sound Localization
Maike Klingel*1, Bernhard Laback2
1
University of Vienna, 2Acoustics Research Institute, Austrian Academy of Sciences
Background
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Normal-hearing listeners primarily rely on two binaural cues, the interaural time difference (ITD) and the
interaural level difference (ILD), for azimuthal sound localization. The extent to which each of these cues
contributes to localization mainly depends on the frequency content of the sound: ITDs dominate at low
frequencies and ILDs dominate at high frequencies. It has recently been shown that this cue weighting can be
changed for mid-frequency narrow-band noise by reinforcing one of the cues during a lateralization training
in a virtual audio-visual environment. However, it is unclear, whether reweighting can be induced for low or
high frequency regions where ITDs or ILDs dominate perceptually. Furthermore, it is of interest whether
reweighting is specific to the trained stimulus or whether it generalizes to untrained frequency regions or
broadband stimuli and whether generalization is facilitated by using different frequency bands during training.
Methods
The experiment consisted of a pretest to measure the initial binaural-cue weights, two days of training during
which one of the cues was reinforced, and a posttest to remeasure the weights. Auditory stimuli were 500-ms
narrow-band noise bursts (1/3 octave wide) centered at 1000, 1590, 2520, and 4000 Hz (referred to as the low,
mid-low, mid-high, and high band, respectively) as well as a multiband stimulus comprising all four bands.
Various combinations of ITD and ILD cues were imposed that involved different degrees of cue disparity.
During testing, all four bands as well as the multiband were presented and normal-hearing participants were
asked to lateralize the stimuli in a virtual environment. During training, the task was extended by visual cues
reinforcing azimuths corresponding to ITDs in one group and azimuths corresponding to ILDs in the other
group. Within each group, one subgroup trained with the mid-high band only while the other subgroup trained
with the low, mid-high, and high bands. Thus, the mid-low band as well as the multiband were presented only
during testing.
Results
While the data collection is still ongoing, preliminary results suggest that binaural-cue reweighting generalizes
to untrained frequency bands. Consistent with the previous literature, ITDs dominate for low-frequency bands
and ILDs dominate for high-frequency bands.
Conclusions
Showing across-frequency generalization would emphasize the ecological relevance of binaural-cue
reweighting, as it likely plays a role in adapting to new acoustic environments. Potential applications include,
for example, training for unfamiliar audio-visual environments or with hearing devices that impede one of the
two binaural cues.
SA31. Deep Neural Network Models of Sound Localization Reveal How Perception is Adapted to
Real-World Environments
Binaural Hearing & Sound Localization
Andrew Francl*1, Josh McDermott1
1
Massachusetts Institute of Technology
Background
Mammals localize sounds using information from their two ears. Localization in real-world conditions is
challenging, as echoes provide erroneous information, and noises mask parts of target sounds.
Methods
To better understand real-world localization, we equipped a deep neural network with human ears and trained
it to localize sounds in a virtual environment.
Results
The resulting model localized accurately in realistic conditions with noise and reverberation, outperforming
alternative systems that lacked human ears. In simulated experiments, the network exhibited many features of
human spatial hearing: sensitivity to monaural spectral cues and interaural time and level differences,
integration across frequency, and biases for sound onsets. But when trained in unnatural environments without
either reverberation, noise, or natural sounds, these performance characteristics deviated from those of
humans.
Conclusions
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The results show how biological hearing is adapted to the challenges of real-world environments and illustrate
how artificial neural networks can extend traditional ideal observer models to real-world domains.
SA32. Evaluating Spatial Hearing With Synchronized Cochlear Implant Processors in the Free-Field:
Objective and Perceptual Measurements
Binaural Hearing & Sound Localization
Stephen Dennison*1, Heath Jones2, Alan Kan3, Ruth Litovsky1
1
University of Wisconsin-Madison, 2U.S. Army Aeromedical Research Laboratory, 3Macquarie University
Background
Cochlear implants (CIs) provide access to hearing for individuals who are deaf. Bilateral cochlear implants
(BiCIs) yield improvements over unilateral CIs for spatial hearing tasks, but there is still a gap in performance
when compared to normal hearing listeners. Modern clinical devices are monaural systems that are not
designed to provide coordinated stimulation across the ears. This has been an impediment to the development
and evaluation of practical bilateral sound coding strategies for improving spatial hearing, such as the delivery
of binaural cues or coordinated gain across the ears. Many sound coding strategies utilizing bilateral inputs
and outputs have been proposed and tested as proof-of-concepts, but few have been convincingly validated in
realistic conditions. The cochlear implant personal digital assistant (ciPDA) and the CCi-MOBILE are two
generations of research devices developed in part for control of processing and bilateral stimulation with a
single processor. In this presentation, we demonstrate the importance of evaluating these research processors
and novel strategies on two fronts: objectively measuring stimulation output and perceptually measuring
outcomes with human subjects.
Methods
Objective measurements were made with several generations of Cochlear brand clinical processors and two
generations of research processors (ciPDA and CCi-MOBILE). Example stimuli were presented in free-field
and the pulsatile output of each processor was recorded for both ears. Recordings were analyzed with several
metrics, including the delay between individual pulses and interaural coherence. Perceptual evaluations were
completed in the free-field with BiCI listeners using both their everyday processors and synchronized research
processors. Within-subject comparisons were made for sound localization, auditory motion discrimination,
and spatial release from masking.
Results
Analysis of objective measurements evaluating temporal synchronization revealed that research processors
consistently deliver interaural stimulation with higher interaural coherence and lower interaural jitter than
clinical processors. Perceptual measurements of sound localization and spatial release from masking revealed
no difference in localization or spatial release from masking between clinical and research processors.
Conclusions
Any new research device or sound coding strategy should be validated with both objective measurements and
realistic perceptual testing. For example, measurements of stimulation output demonstrate the superior
synchronization of research processors over clinical processors. Despite the improved synchronization, the
perceptual results show that performance was not significantly improved with research processors over
unsynchronized processors. Processor synchronization will still be essential to future studies and cannot be
overlooked. New strategies that claim to restore spatial hearing with improved delivery of binaural cues,
coordinated gain control, or noise suppression will remain proposals until they can be validated in more
realistic environments. It is our hope that the work discussed here will help future researchers with the
development and validation of successful sound coding strategies for improved BiCI spatial hearing.
SA33. Tonotopic Conversion of the Avian Basilar Papilla by BMP7-Bead Implantation
Cellular/Systems Development
Weise Chang*1, Zoe Mann2, Catherine Weisz1, R. Michael Burger3, Matthew Kelley1
1
NIH/NIDCD, 2King's College London, 3Lehigh University
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Background
Previously work from our laboratory had shown that a distal to proximal gradient of high to low expression
of intrinsic BMP7 along the chicken basilar papillae (BP) regulates tonotopic organization. Addition of BMP7
in culture medium induces changes in the phenotype of the proximal BP that are consistent with a distal
morphology. Similarly, In Ovo electroporation of the developing otocyst with an avian retroviral expression
construct for Bmp7 also induces distal phenotypes in the proximal BP. In order to examine the effects of
changes in the tonotopic gradient on hair cell physiology and development of the CNS, we wanted to extend
the survival time following electroporation from E12 to E19 or to hatching. However, preliminary results
indicated significant disruptions in the development of the middle ear and other regions of the head in
electroporated embryos at E19, probably as a result of prolonged expression of ectopic BMP7.
Methods
To limit the period of exposure to BMP7, Affi-Gel-beads were soaked in 4 ul of 0.25 mg/ml of BMP7 protein
overnight and then were embedded in the proximal end of the developing BP on E5. Previous results had
indicated that the critical period for re-specification of the tonotopic axis is between E5 and E7. Protein release
from Affi-Gel beads typically persists for approximately 48 hours suggesting that application at E5 should be
sufficient to alter tonotopy.
Results
BPs were dissected at E15, and the location of BMP7-beads placed in the proximal region at E5 were
confirmed. To examine the effects on tonotopic specification, BPs were processed with immunostaining with
Calbindin and Phalloidin to examine hair cell morphology. Results indicated changes in the morphology of
the proximal BP that are consistent with conversion to a more distal like identity including bundles with
decreased numbers of longer stereocilia and decreased calbindin expression in hair cells. In contrast with
electroporated samples, overall development of the inner and middle ears appeared less disrupted. Future
studies will confirm changes in tonotopic identity and explore the downstream effects of tonotopic respecification on overall development of the auditory system.
Conclusions
By implanting beads saturated in BMP7 we have developed a new method to re-specify the tonotopic axis in
chicks which minimizes perturbations to other aspects of embryonic development.
SA34. The Polarity Protein MPDZ Maintains Patterning of the Apical Cytoskeleton in Sensory Hair
Cells
Cellular/Systems Development
Amandine Jarysta*1, Basile Tarchini1
1
The Jackson Laboratory
Background
Auditory function relies on the ability of sensory hair cells in the inner hear to detect sound-induced vibrations.
To this end, hair cells develop a highly specialized apical compartment, the stereocilia bundle, that serves as
a motion sensor. Defects in the development or maintenance of the stereocilia bundle lead to hearing loss.
Multiple PDZ domain (MPDZ) is a large protein containing 13 PDZ (PSD95/Disc Large/ZO1) domains that
mediate protein-protein interactions. MPDZ has been described as a scaffold protein clustering binding
partners in defined cellular compartments. MPDZ was notably reported at tight junctions, where it was
proposed to be a member of the Crumbs polarity complex. Perhaps following defective tight junction barrier
function, loss of MPDZ results in congenital hydrocephalus in human and mouse.
Methods
We tested Auditory Brainstem Response (ABR) and used immunolabeling to detect and quantify protein
signals at the hair cell apex in a constitutive Mpdz mutant.
Results
We show that in the mouse auditory epithelium, MPDZ is expressed primarily in hair cells. Surprisingly,
MPDZ is not detected at hair cell-support cell junctions but occupies the apical membrane. It is enriched at
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higher levels on the lateral/abneural side compared to the medial/neural side and is apparently absent from the
hair bundle. Interestingly, loss of MPDZ causes apical defects in postnatal hair cells, including misaligned
stereocilia forming broken rows and reduced hair cell surface area. MPDZ distribution at the lateral hair cell
surface is reminiscent of a protein complex including G protein Signaling Modulator 2 and inhibitory G
proteins of the alpha class (GPSM2-Gαi). GPSM2-Gαi defines the bare zone, the lateral hair cell region devoid
of microvilli, and opposes the kinase aPKC restricted to the medial region decorated with microvilli.
Complementary GPSM2-Gαi vs aPKC distribution establishes an apical blueprint that influences the
organization of emerging stereocilia. We show that loss of MPDZ causes a progressive delocalization of
GPSM2-Gαi from the bare zone to the medial side that coincides with ectopic aPKC localization at the bare
zone. Delocalization occurring outside the bundle in turn coincides with partial loss of GPSM2-Gαi at the tips
of adjacent stereocilia, where this protein complex is known to promote stereocilia elongation with Myosin15A and other partners. Loss of the apical blueprint progresses along the tonotopic axis from the base to the
mid region of the cochlea, and results in a permanent disorganization of stereocilia bundle there. In contrast,
hair cells at the cochlear apex appear unaffected. Graded molecular and structural defects can explain the
profile of hearing loss in Mpdz mutants, with ABR thresholds most severely raised at high frequencies.
Conclusions
We propose that MPDZ maintains the precise planar segregation of apical blueprint proteins to ensure a regular
and coherent organization of stereocilia during postnatal hair cell differentiation.
SA35. Clinical Relevance of Human Pluripotent Stem Cell-Derived Inner Ear Organoids
Cellular/Systems Development
Wouterus van der Valk*1, Edward van Beelen1, John de Groot1, Heiko Locher1, Karl Koehler2, Peter Paul van
Benthem1
1
Leiden University Medical Center, 2Boston Children's Hospital/Harvard Medical School
Background
Genetic inner ear pathologies are one of the most common congenital disorders in humans. Over 120 genes
have been linked to non-syndromic hearing loss or balance disruptions, and over 400 genes associated to those
of a syndromic origin. Recently, our group defined a method for generating inner ear sensory epithelia from
human pluripotent stem cells that could be used as a model to evaluate the impact of gene mutations in human
inner ear function. To date, we have focused on inner ear neurosensory cell types, such as the hair cells.
However, normal function of the inner ear is dependent on the electrical potential of the endolymph. This
potential is maintained by the surrounding ionic regulatory epithelia (also known as non-sensory epithelia),
such as the stria vascularis in the cochlea and the dark cell area in vestibular organs. Thus, genetic inner ear
pathologies are not limited to the sensory epithelia and in vitro models should, ideally, contain the functional
combined unit of these epithelia to truly recapitulate genetic inner ear disorders. Here, we evaluate the
clinically relevant neurosensory and ionic regulatory gene and protein expression of human inner ear
organoids.
Methods
We generated inner ear organoids in a three-dimensional culture by modulating the FGF, TGF, BMP and
WNT pathways in 2 human pluripotent stem cell lines (n=5, 8-12 organoids per experiment). Clinically
relevant protein expression was assessed by immunohistochemistry and gene expression by single nuclei RNA
sequencing. Expression of these genes and proteins was compared to normal human inner ear development by
immunohistochemistry of human embryonic and fetal inner ears.
Results
Inner ear organoids from differentiation day 65 and later, expressed genes and proteins known to be mutated
in the most common syndromic hearing loss disorders, including Usher syndrome (USH1C, CDH23),
Waardenburg syndrome (SOX10), Pendred syndrome (SLC26A4), and Bartter syndrome (BSND).
Additionally, early inner ear otic vesicles express SIX1 that is mutated in Branchio-Oto-Renal Syndrome.
Similarly, non-syndromic genes and proteins are expressed in differentiation day 65 and older inner ear
organoids, including GJB2 which accounts for 50% of cases of non-syndromic sensorineural hearing loss.
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Conclusions
Our study shows the clinical relevance of inner ear organoids. For the first time, we show the expression of
neurosensory and ionic regulatory genes and proteins in one in vitro inner ear system. This opens the way for
in vitro genetic inner ear disease modelling, as well as the discovery and evaluation of (gene) therapies using
this inner ear organoid model.
SA36. Identifying PRDM16 as a Novel Marker and Regulator of Kölliker’s Organ Development
Cellular/Systems Development
Michael Ebeid*1, Kathy Barnas1, Bryan Bjork1, Christie Nordloh1
1
Midwestern University
Background
The Kölliker’s organ (KO) comprises a population of epithelial cells on the neural side of the developing
organ of Corti. This organ undergoes remodeling during development to give rise to the cells of the inner
sulcus region. The role of KO is still under investigation and is thought to be involved in tectorial membrane
formation and generating intrinsic spontaneous activity. Previous studies have shown that KO epithelial cells
have some sensory competence yet the molecular mechanisms governing KO development and its sensory
competence are yet to be discovered.
Methods
Single-cell RNA sequencing was used to analyze individual single cell transcriptome profiles from wild-type
cochlear ducts at 3 developmental time points (E12.5, E13.5 & E14.5) using the 10x genomics platform and
bioinformatics analysis. Graph-based clustering of cells at each time point was used to identify populations of
cells with similar transcriptional profiles. Prdm16 was identified as a potential marker for KO population and
thereby its expression was analyzed by immunostaining starting at E12.5 till P0. A transgenic mouse strain
carrying a gene trap allele for Prdm16 was used to identify the role of Prdm16 in KO development. Whole
mount immunostaining and section staining was used to characterize the phenotype of Prdm16 null cochlea
at different time points (E14.5-P0). Immunostaining for hair cell and supporting cell markers was used to
analyze the patterning of sensory epithelium. EdU staining was used to analyze the proliferative profile of KO
cells in Prdm16 null mice. Since Prdm16 null mice die at birth, we utilized Fgf20Cre to conditionally delete
Prdm16 from the KO as early as E13.5 and thereby analyze postnatal development.
Results
Analysis of differentially expressed genes within the cochlear duct cells at E14.5 identified Prdm16 as a
potential novel marker for the KO population. Immunostaining for PRDM16 protein confirmed the expression
within the KO starting as early as E13.5 and maintained until P0. Such expression showed inverse relationship
to Sox2 expression at all developmental time points tested (E12.5-P0). Prdm16 null cochlea at P0 compared
to control exhibited underdeveloped KO, shortening of the cochlear duct (60% compared to control),
duplication of the inner hair cells in the apical turn as well as multiple isolated islands of ectopic hair cells
within the KO domain. These ectopic cells were Sox2+ and Myo6+ with immature stereocilia bundles. Finally,
we identified expanded Sox2 domain within the KO starting at E14.5 till P0 in Prdm16 null cochlea compared
to control. Analysis of conditionally deleted cochleae is still in progress.
Conclusions
We identified Prdm16 as a novel marker of KO during cochlear development. We also show for the first time
that Prdm16 is required for normal development of KO and functions to regulate its sensory competence by
restricting Sox2-expressing domain.
SA37. Post-Hearing Changes of Electrophysiological Properties of Dorsal Cochlear Nucleus Fusiform
Neurons
Cellular/Systems Development
Nikollas Benites*1, Ricardo Leao2
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University of São Paulo, 2University of Sao Paulo

Background
Rodents generally start hearing around twelve days after birth and it is not completely clear how some auditory
nuclei and its neurons are affected by auditory experience. The dorsal cochlear nucleus (DCN) in the auditory
brainstem integrates auditory and somatosensory information that arrives from vestibulocochlear nerve and
the mossy fibers, respectively. Fusiform neuron is the principal neuron in the DCN and receive synapses from
both pathways and are responsible for this multimodal integration. in young mice (P18-22), they express two
qualitative intrinsic states in equal proportions: quiet neurons, with no spontaneous regular action potential
firing, and active neurons, with intrinsic spontaneous action potential firing. Here we aimed to investigate the
development of these intrinsic firing states before and after hearing onset at P12.
Methods
For this, we performed slice whole-cell patch-clamp studies in DCN fusiform neurons from Swiss mice from
P4 to P19.
Results
We found that before hearing onset (P4-P11) there are no active fusiform neurons, which gradually appeared
after P12. Quiet fusiform neurons from mice ages P4 to P11 and P12 to P19 had similar resting membrane
potentials. Neurons from P4-P11 animals presented bigger input resistances (p<0.01, n=28) when we
measured this in the peak of the hyperpolarization, but no difference when it was measured in the steady-state.
Accordingly, the depolarization sag was bigger in p4-11 pups (p<0.0001, n=31), suggesting a bigger h current
in pre-hearing animals. In fact, the h-current measured in voltage-clamp was bigger in pre-hearing mice
(p<0.01), which equalized the membrane subthreshold currents and membrane resistance in pre- and posthearing animals. Action potential (AP) firing presented changes during development, with AP amplitudes
getting bigger after hearing onset (p<0.0001) but with no difference in AP amplitude between quiet and active
after hearing onset. Additionally, there was significant decrease in halfwidth of action potential and in
maximum rate of depolarization, after hearing (p<0,0001), but no difference in firing rates.
Conclusions
We conclude that before hearing, all neurons are quiet and that developmental changes take place after hearing
onset in DCN fusiform neurons. We are current investigating the development of conductances leading to
quiet and active states.
SA38. Pou4f3 is Required for the Production of Type I – but Not Type II – Vestibular Hair Cells
Cellular/Systems Development
Vikrant Borse*1, Mark Warchol1
1
Washington University School of Medicine
Background
The Pou4f3 transcription factor is involved in the differentiation, maturation and survival of sensory hair cells.
Pou4f3 knockout (Pou4f3-/-) mice exhibit severe hearing loss and balance deficits. In the cochlea, deletion of
Pou4f3 leads to progressive and complete loss of inner and outer hair cells. However, the pattern of vestibular
hair cell survival in Pou4f3-null mice has not been carefully examined. In this study, we characterized the
effect of deleting Pou4f3 on hair cell numbers, phenotype and innervation in the mouse utricle.
Methods
Studies used transgenic mice in which Pou4f3 was replaced by human Hbegf (the human diphtheria toxin
receptor). Homozygous Pou4f3DTR/DTR mice lacked Pou4f3 (e.g., Pou4f3-/-), while Pou4f3+/+ and
Pou4f3DTR/+ mice served as controls. Temporal bones were collected at P0 and P30, and cochleae and
utricles were processed as whole mounts. Specimens were immunolabeled for combinations of Myosin VIIa
(hair cell marker), SOX2 (supporting cell and type I hair cell marker), TUJ1/Neurofilament (neuronal marker),
Annexin A4 (ANXA4-type II hair cell marker), and all nuclei were stained with DAPI. Confocal microscopy
was used to image specimens and subsequent analysis used ImageJ and Velocity software.
Results
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Consistent with previous studies (e.g., Xiang et al., PNAS 1997), the cochleae of mature (P30) Pou4f3-/- mice
contained dramatically reduced numbers of hair cells and afferent neurons, when compared to Pou4f3+/+ and
Pou4f3DTR/+ controls. Surprisingly, however, the utricles of Pou4f3-/- mice possessed a subset of surviving
hair cells. Nearly all of those hair cells were immunoreactive for Sox2 and Anxa4, which is consistent with a
type II hair cell phenotype. Also, very few calyx nerve terminals were present in Pou4f3-/- utricles. At P0,
nearly all hair cells in control utricles expressed Sox2 and few calyces were observed (e.g., Warchol et al., J
Comp Neurol, 2019). This pattern was also observed in the utricles of Pou4f3-/- mice, however, the size of
the sensory region was smaller than that present in control mice. Even at P30, utricles of Pou4f3-/- mice were
smaller than those of controls. Finally, mature Pou4f3-/- mice all displayed severe circling behavior,
suggestive of impaired vestibular function.
Conclusions
Results suggest that Pou4f3 expression is essential for the generation and/or survival of type I vestibular hair
cells but is not necessary for the survival of type II hair cells. It is not clear, however, whether the type II-like
hair cells in Pou4f3-/- mice are functional.
SA39. Mild, Closed-Head Impacts Cause Hair Cell Loss and Deficits in Hearing Function
Clinical Otolaryngology & Pathology
Graham Casey*1, Bradley Walters1
1
University of Mississippi Medical Center
Background
Mild Traumatic Brain Injuries (mTBIs) and hearing loss (HL) are both exceedingly common and adversely
affect quality of life. Indeed, TBIs are one of the most common injuries, leading to nearly 3 million emergency
hospital visits each year in the U.S. Also commonly referred to as concussions, mTBIs make up the vast
majority of TBI cases. Despite a large body of clinical literature describing changes to hearing and balance
following mTBI, little is known about how mTBIs directly affect hearing and the cochlea, particularly in cases
of repeated injury.
Methods
To explore the effects of mTBIs on hearing, we used the Closed Head Impact Model of Engineered Rotational
Acceleration (CHIMERA). The CHIMERA allows for precise modelling of closed-head injuries with
repeatable titrations of energy levels and the allowance of free movement of the head and neck. Following
either a single mTBI or a repeated impact paradigm (1 impact per day for 4 days), we examined changes in
hearing function and in the sensory tissues of the inner ear. Auditory brainstem responses (ABRs) and
distortion product otoacoustic emissions (DPOAEs) were recorded before injury and at 1- and 7-days postinjury. Additionally, we performed immunohistochemistry to measure hair cell survival and synaptic
degeneration.
Results
Both single and repeated mTBIs significantly increased ABR thresholds and decreased DPOAE amplitudes.
In addition, a decrease in the number of inner hair cell synapses was recorded in the apical turns of the cochleae
from mice after single or repeated mTBIs. However, reduced wave I amplitudes were only observed in 5-7month-old mice after repeated mTBI, but not in younger mice or in mice that only received a single mTBI.
Conversely, a single mTBI caused caused outer hair cell loss in the apical turn, as well as transient increases
in ABR interwave latencies, though such effects were not observed after repeated mTBIs.
Conclusions
Clearly, the phenotypes resulting from mTBI can be complex, and vary depending upon the number of mTBIs
sustained as well as age. Presumably other variables also affect outcomes such as impact energies, location,
and frequency. However, it is clear that: 1. even a single mTBI can cause reduced hearing function and
permanent damage, 2. repeated mTBIs can elicit a toughening or conditioning effect on the cochlea, preventing
or reversing certain phenotypes, and 3. the loss of hair cells and synapses in the apical turn of the cochlea
suggest key differences between mTBI and other otic insults which generally show greater damage in the
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basal turn. Thus, the data indicate that mTBIs, either single or repeated, can significantly alter hearing and
elicit both transient and permanent damaging effects in the cochlea.
SA40. MMP-14 (MT1-MMP) is a Biomarker of Surgical Outcome and a Potential Mediator of
Hearing Loss in Patients With Vestibular Schwannomas
Clinical Otolaryngology & Pathology
Yin Ren*1, Hiroshi Hyakusoku2, Jessica Sagers2, Lukas Landegger4, D. Bradley Welling5, Konstantina
Stankovic2
1
UC San Diego, 2Massachusetts Eye and Ear, 4 Vienna General Hospital, Medical University of Vienna,
5
Harvard/Massachusetts Eye and Ear
Background
Improved biomarkers are needed for vestibular schwannoma (VS), the most common tumor of the
cerebellopontine angle, as existing clinical biomarkers have poor predictive value. Factors such as tumor size
or growth rate do not shed light on the pathophysiology of associated sensorineural hearing loss (SNHL) and
suffer from low specificity and sensitivity, whereas histological markers only sample a fraction of the tumor
and are difficult to ascertain before tumor treatment or surgical intervention. Proteases play diverse and critical
roles in tumorigenesis and could be leveraged as a new class of VS biomarkers.
Methods
Using a combination of in silico, in vitro, and ex vivo approaches, we identified matrixmetalloprotease 14
(MMP-14; also known as MT1-MMP), from a panel of candidate proteases that were differentially expressed
through the largest meta-analysis of human VS transcriptomes.
Results
The abundance and proteolytic activity of MMP-14 in the plasma and tumor secretions from VS patients
correlated with clinical parameters and the degree of SNHL. Further, MMP-14 plasma levels correlated with
surgical outcomes such as the extent of resection. Finally, the application of MMP-14 at physiologic
concentrations to cochlear explant cultures led to damage to spiral ganglion neuronal fibers and synapses,
thereby providing mechanistic insight into VS-associated SNHL.
Conclusions
Taken together, MMP-14 represents a novel molecular biomarker that merits further validation in both
diagnostic and prognostic applications for VS.
SA41. A Cell Type-Specific Approach to Elucidate the Role of miR-96 in the Dmdo Mutant Hair Cells
Genetics A: Genomics and Gene Regulation
Kathleen Gwilliam*1, Beatrice Milon1, Kate Perry1, Nikhil Paladugu1, Yang Song1, Rani Elkon2, Ronna
Hertzano1
1
University of Maryland School of Medicine, Baltimore, 2, Sackler School of Medicine, Tel Aviv University
Background
Mutations in miR-96 are associated with progressive hearing loss in both human (DFNA50) and in mice. The
diminuendo (Dmdo) mouse mutant harbors an adenosine (A) to thymine (T) single base transversion in the
seed region of miR-96. Dmdo homozygous mice have profound hearing loss, and multiple hair cell defects
including smaller postnatal hair cell size, abnormal stereociliary bundles of both inner and outer hair cells,
abnormal ion currents, and immature ribbon synapses compared to control littermates. Dmdo heterozygous
mice exhibit progressive, early onset hearing loss and abnormal stereociliary bundles, although less severe
than homozygous mutant mice. Along with this, deletion of the entire miR-183/96/82 cluster also results in
hair cells defects including abnormal stereociliary bundles in both inner and outer hair cells and profound
hearing loss.
MicroRNAs (miRNAs) function to repress gene expression by either degradation of target mRNA or
inhibition of translation. Previous studies using bulk RNA-seq from the whole organ of Corti have identified
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significantly differentially expressed genes in Dmdo mutant mice compared to their wild type littermate
controls. These studies focused their validation on the downregulated genes that were consistent with a hair
cell maturation delay/arrest. We hypothesize that the decrease in the hair cell-expressed mRNAs and the
observed maturation arrest are a result of upregulation of a genetic program that would normally be repressed
in the presence of an intact miRNA-96.
Methods
In order to further identify targets of miR-96 specifically in the sensory cells of the cochlea, our laboratory
crossed the Dmdo mice with Atoh1-GFP mice to generate mice expressing a green fluorescent protein (GFP)
in cochlear and vestibular hair cells. Using flow cytometry, GFP+ hair cells of P0 homozygous mutant Dmdo
mice and their wildtype littermates were isolated and bulk-RNAseq was performed on these cells.
Results
We identified 429 downregulated and 215 upregulated genes. Many of the identified upregulated genes are
known inner ear supporting cell markers.
Conclusions
This suggests that miR-96, in developing cochlear hair cells, may function to inhibit the expression of genes
that are confined to supporting cells in the mature ear. To validate some of the upregulated genes identified,
we performed qRT-PCR and in situ hybridization.
SA42. Transcriptome Analysis of Cochlear Nuclei From FMR1 Knock-Out Mice Reveals That FMRP
Affects the Stability of FMRP-Bound mRNAs
Genetics A: Genomics and Gene Regulation
Jason Wheeler1, Hitomi Sakano*1
1
University of Rochester Medical Center
Background
FMRP (Fragile X protein) is highly expressed in auditory brainstem nuclei across many vertebrate species.
The absence of this protein in humans is the most common cause of a hereditary form of autism spectrum
disorder called Fragile X Syndrome (FXS). FXS patients can display hypersensitivity to sensory stimulation,
including hyperacusis. The fmr1 knock-out mouse model for FXS also exhibits auditory hypersensitivity. How
the loss of FMRP causes hyperacusis is not known, but studies suggest that it likely involves synaptic
dysregulation. FMRP is best known as an mRNA-binding protein that represses mRNA translation.
Furthermore, FMRP is localized to synapses, and long-term potentiation is upregulated in the absence of
FMRP. We have previously shown that FMRP is highly concentrated in auditory brainstem nuclei, including
the cochlear nucleus of mice. Recent studies have shown that FMRP is needed for normal dendritic maturation
in cochlear nucleus. We hypothesize that the hyperacusis phenotype in the fmr1 knock-out mouse may be due
to synapse pathway-related gene expression changes in the cochlear nucleus, leading to modulation of the
synapse. We present the results of a transcriptome comparison of cochlear nuclei from fmr1 knock-out and
wild-type mice.
Methods
We performed next generation RNA sequencing of RNAs isolated from the cochlear nuclei of fmr1 knockout and wildtype mice at P8 mice (n=3 each), a time before the auditory critical period. Salmon program was
used for RNA-seq analysis. DAVID program and Panther were used for gene ontology analysis. Quantitative
RT-PCR was performed to confirm the RNA-seq results and to compare mRNA to pre-mRNA levels to
determine mRNA stability.
Results
17,716 genes are differentially expressed between fmr1 knock-out and wild-type mice cochlear nucleus.
Among the 1502 most significantly different genes, 730 genes (49%) are upregulated and 772 (51%) are
downregulated in the fmr1 knock-out mouse. Strikingly, among the 228 mRNAs that are known to be bound
by FMRP, a significant portion 163 (71%) were found to be downregulated compared to 69 (29%) that were
upregulated. Quantitative RT-PCR analysis of FMRP-bound mRNA levels to their respective pre-mRNA
levels suggest that downregulated mRNAs in the fmr1 knock-out mouse cochlear nucleus are degraded more
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readily than mRNAs that are upregulated. This suggests that FMRP binding generally stabilizes FMRP-bound
mRNAs. Gene ontology analysis reveals that proteins encoded by these genes are enriched in synaptic
pathways.
Conclusions
A majority (71%) of FMRP-bound mRNAs are downregulated in the cochlear nucleus when FMRP is absent,
suggesting that FMRP binding may stabilize bound mRNAs, either directly or indirectly. Many of these are
involved in synaptic function, which suggests potential molecular pathways that may lead to the auditory
hypersensitivity phenotype in fmr1 knock-out mice.
SA43. Functional Consequences of Missense Changes in Human and Mouse Pendrin
Genetics B: General
Takashi Kojima*1, Satoe Takahashi1, Kazuaki Homma1
1
Northwestern University
Background
Pendrin (SLC26A4) is an anion transporter that exchanges chloride with other anions such as bicarbonate and
iodide. It is essential for normal development of the inner ear, as demonstrated in pendrin knock-out mice and
several mouse models with pendrin variants such as p.L236P and p.S408F. The p.H723R pendrin variant is
frequently found in patients with syndromic or nonsyndromic hearing loss. In vitro functional studies found
that the human pendrin protein with this missense change has very low anion transport activity, strongly
suggesting that the p.H723R pendrin variant is indeed pathogenic. However, a mouse model carrying p.H723R
pendrin did not show inner ear phenotype (Lu et al., 2013). To understand this discrepancy, we investigated
whether the same missense changes affect the anion transport functions of human and mouse pendrin proteins
differently.
Methods
We generated HEK293T-based stable cell lines that express wild-type or mutated human and mouse pendrin
proteins (L236P, S408F, and H723R) tagged with a C-terminal mTurquoise2 (mTq2) in a doxy-cycline
inducible manner using the sleeping beauty system. The chloride/bicarbonate antiport activity was determined
using a fluorescent ratiometric pH indicator, SNARF-5F, loaded in the cell lines (Wasano et al., 2020). Plasma
membrane (PM) targeting of the pendrin constructs was examined using sulfo-Cyanine3 NHS ester that only
labels membrane targeted proteins. Cells were lysed after fluorescence labeling and the mTq2-tagged pendrin
protein constructs pulled down using anti-mTq2 conjugated beads (GFP-selector). The fluorescence of
Cyanine3 and mTq2 on the beads was imaged by a fluorescence microscopy and the efficacy of PM-targeting
determined from the ratio of the fluorescence intensities of Cyanine3 and mTq2.
Results
The L236P and S408F missense changes abrogated the anion transport activity of both human and mouse
pendrin. The H723R missense change was found to partially reduce the anion transport activity of both human
and mouse pendrin but the degree of the reduction was much less in mouse pendrin. Our PM-targeting assay
did not find a difference between human and mouse H723R-pendrin, suggesting that this missense change
affects the unitary anion transport activity of pendrin differently between human and mouse.
Conclusions
Our results imply that the absence of the inner ear phenotype in the H723R mouse model may be due to the
fact that the anion transport activity of mouse pendrin is less affected by the H723R mutation as compared to
human pendrin. Thus, although human and mouse pendrin proteins are highly homologous, functional
consequences of amino acid changes at equivalent sites can differ.
This work is supported by NIDCD (DC017482 to KH) and the Knowles Hearing Center.
SA44. The Effect of a Mouse PEX3 Mutation on Hearing and Lipid Content of the Inner Ear
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Genetics B: General
Elisa Martelletti*1, Bebiana C. Sousa2, Rafael M. Kochaj1, Neil J. Ingham1, Michael J. O. Wakelam2, Andrea
F. Lopez-Clavijo2, Karen P. Steel1
1
Wolfson Centre for Age-Related Diseases, King's College London, 2Lipidomics facility, Babraham Institute
Background
Peroxisomes are intracellular, membrane-bound organelles that play a key role in lipid metabolism and
maintain cellular redox homeostasis (Walker et al. 2018). A series of peroxins encoded by PEX genes,
including PEX3, import peroxisomal proteins into new peroxisomes. Mutations in PEX genes lead to a
spectrum of diseases called peroxisome biogenesis disorders (PBD), the most severe of which is Zellweger
syndrome which often leads to early childhood death (Maxit et al. 2017; Bjørgo et al. 2017; Shimozawa et al.
2000; Matsui et al. 2013). We recently found that a common genomic variant within the PEX3 gene is
significantly associated with audiometric thresholds in the unselected 1958 British Birth Cohort, suggesting
that this gene may play a wider role in hearing loss in the human population (Ingham et al. 2019). We
previously reported that the Pex3tm1a mouse mutation causes high-frequency progressive hearing loss
associated with increased ABR and DPOAE thresholds (Kochaj et al. 2018, ARO abstracts). At 4 weeks old,
the stereocilia bundles appeared normal and there was no obvious defect in the organisation of neurons.
However, the number of synapses with IHCs was decreased in the basal turn.
Methods
Since the peroxisomes have such an important role in lipid metabolism, the lipid profile of Pex3 mutant mice
was explored by liquid chromatography coupled with mass spectrometry (LC-MS) and relative levels of lipid
molecular species were calculated. The whole inner ear of 4 weeks old Pex3tm1a mutants and sex-matched
littermate wild-type controls were collected by dissection in cold saline and were snap-frozen in liquid
nitrogen. Thirty-nine lipid subclasses from glycerophospholipids, sphingolipids, glycerolipids, fatty acids, and
sterols categories were analysed using both an Orbitrap Elite (Thermo Scientific) and a triple quadrupole
(SCIEX 6500) mass spectrometers in both positive and negative polarities.
Results
The lipidomic analysis revealed several molecular species were significantly different between the inner ear
of the Pex3 mutants and littermate controls. Our result showed significantly (p <0.05) decreased levels of
plasmenyl and plasmanyl triaclyglycerols, phosphatidylcholine, and phosphatidylethanolamine in Pex3
mutants compared to control littermates. Additionally, the levels of the phosphatidylinositol (3,4,5)trisphosphate (PIP3) were increased. Overall, our results show a significant reduction of plasmalogens and
plasmanyl glycerolipids in Pex3 mutant inner ears.
Conclusions
The synthesis of plasmalogens and plasmanyl glycerolipids (ether linked lipid subclass) starts in the
peroxisomes, and decreased levels of these lipids are linked to higher membrane lipid fluidity, increased
sensitivity to reactive oxygen species, and neurodegenerative disorders (Braverman & Moser, 2012). Our
findings can help us in understanding better the role of peroxisomes and related lipid metabolism in highfrequency progressive hearing loss.
SA45. Differences in Hypoxia-Adaptive MiRNAs in Differentiated and Undifferentiated HEI-OC1
Cells: Implications for Auditory Cell Studies
Genetics B: General
Desmond Nunez*1, Printha Wijesinghe1, Cathie Garnis2
1
University of British Columbia, 2British Columbia Cancer Research Centre
Background
Oxidative stress is the basic underlying pathological process in several types of sensory deafness. MicroRNA
(miRNA) post-transcriptional regulation is an integral component of hypoxia-adaptive responses. A number
of studies have documented hypoxia-induced changes in auditory cells. The hypoxic response of House Ear
Institute –Organ of Corti 1 (HEI-OC1) cells has been studied only under permissive cell culture conditions
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that promote cell proliferation at the expense of differentiation. However, most forms of acquired
sensorineural hearing loss occur in the adult cochlea where sensory cell proliferation is minimal. Here, we
compare the miRNA response to hypoxia in HEI-OC1 cells maintained under non-permissive (NP-HEI-OC1
cells) with those maintained under permissive (P-HEI-OC1 cells) culture conditions.
Methods
P-HEI-OC1 and NP-HEI-OC1 [incubated for 1 (NP1-HEI-OC1) and 2 weeks (NP2-HEI-OC1), respectively]
cell cultures were maintained as recommended. Hypoxia was induced by exposure to 5mM H2O2 for 1-hour.
Cellular morphology and florescence immunocytochemistry (hair cell markers- myosinVIIa and prestin,
stem/progenitor cell marker- Sox2 and hypoxia-inducible factor-1alpha (HIF-1α)) were characterized. Cellderived miRNAs were profiled with TaqMan Low Density Array (TLDA cards) quantitative reverse
transcription polymerase chain reaction (qRT-PCR) for rodent pools. A 2-fold intergroup difference (2-∆∆Ct)
at p <0.05 (Benjamini-Hochberg corrected Student’s t-test) was used to determine differentially expressed
miRNAs (DEMs) at a cut off Ct <35 in both permissive and non-permissive cells. Bioinformatic databases,
miRWalk3.0 and DAVID Functional Annotation Tool were used to identify putative target genes and their
functional enrichments, respectively.
Results
The DEMs in hypoxic P-HEI-OC1 cells were miR-200c-3p/-200b-3p/-223-3p/-133a-3p/-146b-3p/&-141-3p
(upregulated) and miR-10b-3b/-27b-5p/ & 193a-5p miRNAs (downregulated). The DEMs in hypoxic NPHEI-OC1 cells miR-27a-5p/-155-5p/-744-5p/-218/-7b-5p/-425-5p/-29c-3p/-206/-30e-5p/-182-5p/-150-5p/339-3p/-345-5p/&503-3p were all downregulated. Putative target genes of DEMs in hypoxic P-HEI-OC1 cells
were significantly involved in mammalian target of rapamycin (mTOR) signalling pathway. Whereas 5'
adenosine monophosphate-activated protein kinase (AMPK), adrenergic signaling in cardiomyocytes and
cyclic guanosine monophosphate-dependent protein kinase G (cGMP-PKG) signaling pathways were
significantly enriched for putative target genes of DEMs in hypoxic NP-HEI-OC1 cells.
Conclusions
Low-dose H2O2 exposures downregulate miRNAs in HEI-OC1 cell and potentially affect downstream
pathways in nonpermissive differentiated auditory cells differently to that of permissive undifferentiated cells.
Caution is advised in extrapolating the findings of hypoxia studies on undifferentiated HEI-OC1 to the adult
human inner ear.
SA46. ALMS1 Zebrafish Mutants do not Show Lateral Line Hair Cell Phenotypes Seen in Other Cilia
Mutants
Genetics B: General
Lauren Parkinson1, Tamara Stawicki*1
1
Lafayette College
Background
Alström Syndrome is a genetic disorder caused by mutations in the ALMS1 gene that causes delayed-onset
hearing loss in addition to vision loss, obesity, and heart disease. ALMS1 encodes a protein that is localized
to the basal body of primary cilia, and thus, Alström Syndrome is considered a ciliopathy. The hearing loss
seen in Alström Syndrome may be due to hair cell defects as Alms1 mutant mice show stereocilia polarity
defects and loss of hair cells. Hair cell loss has also been seen in postmortem analysis of Alström patients. We
have previously found that mutations in other cilia-associated genes, specifically intraflagellar transport (IFT)
and transition zone genes, lead to resistance to aminoglycoside-induced hair cell death in zebrafish lateral line
hair cells. Additionally, IFT mutants show decreased hair cell number independent of aminoglycoside
treatment and defects in FM1-43 and aminoglycoside loading into hair cells.
Methods
Recently an alms1 zebrafish mutant was generated that showed metabolic defects similar to those seen in
Alström Syndrome and mammalian Alms1 mutant mice. We wished to test if these mutants also showed
defects in lateral line hair cells similar to what we have seen with other classes of cilia-associated genes. We
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examined hair cell number and morphology in wild-type and mutant zebrafish. We also examined sensitivity
to ahminoglycosides by looking at both short-term neomycin treatment and long-term gentamicin treatment.
Lastly, we examined FM1-43 uptake.
Results
We found that lateral line hair cells of alms1 mutants did not show any of the defects previously seen in IFT
or transition zone mutants. alms1 mutants had normal initial lateral line hair cell numbers and kinocilia
formation. Mutants also showed a normal degree of sensitivity to aminoglycosides. They additionally showed
normal FM1-43 loading.
Conclusions
These results show that different classes of cilia-associated genes differentially affect different hair cell types.
SA47. PKHD1L1-Deficient Mice Lacking Hair Cell Stereocilia Surface Coat are More Susceptible to
Noise Trauma
Hair Cells: Anatomy & Physiology
Olga Strelkova*1, Chunjie Tian1, Xinyuan Zhang1, Pedro De-la-Torre1, Daniel Hathaway1, Artur A.
Indzhykulian1
1
Massachusetts Eye and Ear Infirmary
Background
The sensory cells of the inner ear – the hair cells – carry a bundle of actin-filled microvilli-like protrusions,
called stereocilia. The bundle of stereocilia responds to subnanometer deflections produced by sound or head
movement, securing our sense of hearing and balance. Stereocilia of early postnatal mice carry an electrondense surface coat, which may contribute to stereocilia adhesion and/or protect them from fusion. Previously
we showed that 4249 amino acid long Polycystic Kidney and Hepatic Disease 1-Like 1 (PKHD1L1)
contributes to the stereociliary surface coat at the tips of stereocilia, as mice, lacking PKHD1L1 in hair cells,
also lack the surface coat at the tips of stereocilia, and they develop progressive hearing loss.
Methods
In this study, we further characterize the progressive hearing loss phenotype of PKHD1L1-deficient mice to
elucidate the functional consequences of PKHD1L1 deficiency. Using scanning electron microscopy (SEM),
we show that PKHD1L1-deficient mice undergo progressive stereocilia bundle degeneration and hair cells
loss by 9 months, closely following the timeline of progressive hearing loss, assessed by auditory brainstem
response (ABR) recordings. Next, we generated a constitutive Pkhd1l1-/- mouse line, which recapitulated the
progressive hearing loss. Using immunogold SEM to label PKHD1L1 on the surface of stereocilia, and RNA
scope to detect Pkhd1l1 mRNA, we show that PKHD1L1 is largely downregulated in hair cells by P10-P12.
Our deep protein sequence analysis of 10 mammalian species of PKHD1L1 along with preliminary
biochemical experiments revealed potential dimerization points along the extracellular region of PKHD1L1.
Additional experiments to uncover the oligomeric states of PKHD1L1 and identify potential binding partners
are underway.
Results
Interestingly, when we subject Pkhd1l1fl/fl,Atoh1-Cre+ mice to noise trauma at 6 week of age, prior to a
hearing loss onset, they develop a permanent threshold shift as seen by ABR measurements 2 weeks and 8
weeks after noise trauma. This is in contrast to their Pkhd1l1fl/fl,Atoh1-Cre- littermates, which develop only
temporary threshold shift, fully recovering 2 weeks post-trauma. Two weeks after noise trauma, the bundles
of PKHD1L1-deficient mice were disorganized and had many short stereocilia, unlike the noise-treated
control, or untreated PKHD1L1-deficient mice. Interestingly, often the tall row stereocilia of noise-treated
PKHD1L1-deficient bundles appeared much shorter than the middle row stereocilia, irreversibly disrupting
bundle’s staircase arrangement and directional sensitivity.
Conclusions
We conclude that PKHD1L1-deficient mice lacking hair cell stereocilia surface coat are more susceptible to
noise trauma, and our future work aims to uncover the underlying mechanism.
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SA48. Molecular Pathways Determining Ribbon Precursor Transport to the Presynaptic Active Zone
of Developing Sensory Hair Cells
Hair Cells: Anatomy & Physiology
Mara Uhl1, Hiu Tung (Candy) Wong2, Saman Hussain2, Roos Voorn1, Katie Kindt2, Christian Vogl*1
1
Institute for Auditory Neuroscience & InnerEarLab, 2NIH/NIDCD
Background
In sensory inner hair cells, presynaptic dense bodies – so-called synaptic ribbons –have been shown to
assemble from cytoplasmically-floating precursor spheres. These precursors are complex multi-protein
organelles that are variable in size and tether a set of premature synaptic vesicles. During developmental
maturation, these floating precursors attach at the presynaptic plasma membrane, where they undergo
extensive structural and functional refinement prior to hearing onset. To date, it remains unclear, which
molecular pathways determine precursor translocation to the presynapse. Recent work using fixed-tissue
imaging has implicated microtubule (MT)-based transport in this process that likely also involves the
molecular motor Kif1a. However, direct experimental evidence of MT-based transport in living hair cells is
still lacking to date. To address this in an in vivo model system, we performed live-cell imaging experiments
on lateral line neuromast hair cells of genetically modified larval zebrafish and analyzed various aspects of
ribbon precursor movement.
Methods
In this study, we combined genetic labelling with live-cell imaging to simultaneously track ribbon precursors
and MTs in larval zebrafish lateral line neuromast hair cells. Using a single particle tracking approach, we
quantified various parameters regarding precursor movement, including directionality, linearity as well as
velocity of movement. Moreover, using CRISPR/Cas9-mediated mutagenesis of kif1aa (i.e. the zebrafish
homologue of the mammalian motor protein Kif1a), we analyzed the effects of kif1aa loss-of-function on
precursor movement and finally also assessed the consequences of pharmacological manipulation of the hair
cell MT network on this process.
Results
Ribbon precursors seemed to associate with – and moved along – longitudinal MT tracks spanning from the
cuticular plate to the basolateral compartment. Precursors moving towards the basal pole of the hair cell
appeared to move faster and displayed a longer overall track length than precursors without a clear
directionality. We could identify at least three distinct types of movement patterns, two of which were
indicative of targeted precursor transport towards the AZ membrane. Finally, both, CRISPR/Cas9-based
mutagenesis of kif1aa, as well as pharmacological disruption of the MT network using nocodazole, lead to a
statistically significant increase in the occurrence of cytoplasmic ribbon precursors, thereby again implicating
this molecular transport pathway in targeted precursor delivery to the AZ.
Conclusions
Together, our data support a scenario in which ribbon precursor translocation to the active zone utilizes the
microtubular transport system. Moreover, the MT-based molecular motor kif1aa appears to play an essential
role in this process.
SA49. Larval Zebrafish Rheotaxis: Using a Model Species and Machine Learning to Understand How
Sensory Hair Cells Mediate Natural Behavior
Hair Cells: Anatomy & Physiology
Kyle Newton*1, Lavinia Sheets2
1
Washington University in Saint Louis, 2Washington University School of Medicine in St. Louis
Background
The zebrafish lateral line is an established model for understanding the cellular mechanisms of hair cell organ
damage and repair, yet few studies link mechanistic disruptions to observable changes in biologically relevant
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behavior. Rheotaxis, or the ability to orient with respect to flowing water, is a behavior mediate by multiple
sensory modalities. The sensory hair cells of the lateral line transduce and transmit water flow stimuli to
regulate body orientation, yet lateral-line contribution to rheotaxis has not been entirely defined.
Understanding the relevant input of the lateral-line in rheotaxis is a critical step toward assaying the functional
consequences of lateral-line damage and repair.
Methods
We therefore used larval zebrafish to determine how lateral-line organ ablation impacts fish rheotaxis in the
absence of visual cues. We created a micro flume to expose larvae to water flow stimuli of constant velocity
and recorded their behavior with a high-speed camera. To ablate the lateral-line, fish were exposed to
neomycin (50 µM) or CuSO4 (10 µM). DeepLabCut, a 3D marker less pose estimation software that uses
deep neural networks and machine learning, was used to quantify the body pose coordinates and orientation
angles of fish from the video data. SimBA, a behavioral analysis software that uses supervised machine
learning, was used to annotate, classify, and predict rheotactic behavior of fish from the pose estimation data.
The presence or ablation of lateral line hair cells was confirmed by immunohistochemistry and confocal
microscopy on fish that completed behavioral trials.
Results
Interestingly, the neomycin and CuSO4 lesioned fish performed rheotaxis, but the control fish performed
rheotaxis more often, for a longer mean duration, and at a lower mean velocity. Furthermore, CuSO4 fish
performed rheotaxis less often but with a shorter latency and a higher mean velocity than neomycin treated
fish.
Conclusions
Integrating this behavioral assay with molecular and physiological studies on the same individual larvae will
directly link the disruption of hair cell mechanisms by acoustic trauma and ototoxic drugs to differences in
the natural behaviors of live fish.
SA50. Kinetics of Synaptic Vesicle Pool Depletion and Adaptation in Zebrafish Lateral Line Hair
Cells
Hair Cells: Anatomy & Physiology
Francesca De Faveri*1, Aenea Hendry1, Walter Marcotti1, Federico Ceriani1
1
University of Sheffield
Background
The zebrafish (Danio rerio) is becoming a powerful model for genetic and functional analysis of hair cells in
vivo. In the zebrafish lateral line, hair cells are arranged in rosette-like neuromasts, which are located along
the length of the fish on the skin surface and, as such, are accessible for mechanical stimulation and imaging
in vivo. Similar to mammalian hair cells, those in the zebrafish lateral line use ribbon synapses to relay sensory
information onto the afferent terminals. The kinetic properties of vesicle release and replenishment at these
synapses have mainly been studied by measuring changes in membrane capacitance during hair cell
depolarization using patch clamp, which bypasses the normal process of mechanotransduction.
In this study, we investigated the release properties of hair cell ribbon synapses in vivo using a combination
of fluorescence imaging and extracellular recording while displacing the mechanoelectrical transducer
apparatus.
Methods
We performed 2-photon calcium and glutamate imaging and loose-patch electrophysiological recording from
hair cells and ganglion neurons, respectively, in the posterior lateral line. Zebrafish larvae (<5.2 dpf) from the
following strains were used: Tg(brn3c:Gal4), Tg(UAS:iGluSnFR), Tg(UAS:GCaMP7a) and
Tg(nbt:GCaMP3). The stereociliary bundles of hair cells were stimulated by mechanically displacing the
neuromast cupula using pressure steps delivered with a piezoelectric fluid jet.
Results
Sustained displacement of the neuromast cupula elicited a transient increase in hair cell synaptic release at the
stimulus onset, which quickly adapted to a lower, sustained level. The release time course was consistent with
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the recruitment of at least two pools of synaptic vesicles with different release kinetics. The time constant of
the fast component, which we identify as the readily releasable pool (RRP), was 19 ms, which is comparable
with the value measured in mouse inner hair cells. Short, repeated pressure stimuli lead to progressive
depletion of the RRP. Recovery from depletion showed a biphasic time course, with a fast time constant of
129 ms and a slow time constant of 2.8 s.
The relatively fast adaptation of synaptic responses was likely due to vesicle depletion, as the hair cell calcium
responses did not show any significant decline throughout the stimulation. Both the calcium responses in the
afferent terminals and the firing rate in the afferent ganglion neurons showed adapting responses comparable
to fast adaptation at the hair cell ribbon synapses. Despite the presence of fast depression of synaptic responses,
hair cells were able to encode pedestal changes in stimulus intensity, suggesting the presence of a hair cell
presynaptic mechanism to adjust the sensitivity of the lateral line.
Conclusions
We conclude that the hair cell synaptic release properties allow the lateral line to maintain its sensitivity in the
presence of sustained stimuli, such as those produced by a constant flow of water.
SA51. Beta 5 Spectrin is Involved in Proper Hearing in Mice
Hair Cells: Anatomy & Physiology
Jun-Ping Bai*1, Michael Stankewich1, Paul Stabach1, Lei Song2, Alexei Surguchev1, Winston Tan1, Jon
Morrow1, Joseph Santos-Sacchi1, Dhasakumar Navaratnam1
1
Yale University School of Medicine, 2Shanghai Jiao Tong University School of Medicine
Background
In humans, the molecule beta 5 spectrin (SPTBN5), first discovered in the retina, is involved with the retinal
disorder, Usher syndrome. Further reports have proposed a putative role for beta 5 spectrin in a second
sensorineural function, hearing.
Methods
By testing mice with a targeted exon deletion of beta 5 spectrin (Spbn5), we aimed to decipher its functional
role in hearing. Auditory brainstem response (ABR), distortion product otoacoustic emissions (DPOAE) were
recorded in WT and beta 5 KO mice. Outer hair cell (OHC) electromechanical activity was tested by wholecell patch clamp.
Results
When comparing WT and beta 5 KO mice, auditory thresholds in ABR are not markedly different. Mice have
similar OHC electromechanical activity based on DPOAE and OHC patch clamp analysis. However, the
amplitudes in ABR wave 1 are significantly impacted by beta 5 disruption, particularly at high stimulus
intensities tested at 5.6-32 kHz. To investigate the mechanism of the wave 1 phenotype, we further evaluated
the expression of beta 5 spectrin in the mouse cochlea. Beta 5 mRNA and protein expression is very low in
the outer hair cells, and contrasts with other spectrin isoforms and actin. In beta 5 KO mice, we find no
apparent cochlear synaptopathy and no differences in the numbers of efferent fibers along the three turns of
the cochlea.
Conclusions
Taken together these data establish that beta 5 spectrin is important for proper hearing likely due to a cochlear
neuropathy rather than OHC electromotility defects.
SA52. Computational Model of Ephaptic and Potassium Mechanisms of Non-Quantal Transmission at
the Vestibular Hair Cell-Calyx Synapse
Hair Cells: Anatomy & Physiology
Aravind Chenrayan Govindaraju*1, Anna Lysakowski2, Ruth Anne Eatock3, Robert Raphael1
1
Rice University, 2University of Illinois at Chicago, 3University of Chicago
Background
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Sensory hair cells of the vestibular inner ear detect and relay information on head motion to afferent neurons,
which in turn guide motor reflexes that maintain gaze, balance, and our sense of orientation. Afferent neurons
form large cup-shaped terminals (calyces) on type I hair cells that transmit to calyces by both quantal (Q)
release of glutamate from vesicles and non-quantal (NQ) flow of ions through the basolateral (pre-synaptic)
membrane of the hair cell into the synaptic cleft and through the inner (post-synaptic) calyx membrane.
Reference electrodes cannot access the enclosed vestibular hair cell-calyx (VHCC) synapse without disrupting
its structure and function. As a result, ion concentrations [Ion] and electric potential (ϕ) within the synaptic
cleft (SC) cannot be measured and the voltage of the post-synaptic membrane cannot be directly obtained.
This has posed a barrier to understanding NQ transmission. We have developed a computational biophysical
model of the synapse to overcome this limitation.
Methods
To simulate the dynamic behavior of the system, the VHCC model uses expressions for K+ and Na+
electrodiffusion in the cleft, simplified Hodgkin-Huxley-style ion currents based on whole-cell recordings,
and the cable equation. The input to the model is a step or sinusoidal deflection of the hair bundle, and the
outputs include the spatio-temporal profile of K+ and Na+ within the synaptic cleft and the change in electrical
potential within the synaptic cleft and the afferent neuron. Intracellular potentials within the hair cell and the
afferent neuron are calculated as a function of varying [K+ ]_SC (K+ modulation), and ϕ_SC (ephaptic
coupling) which alter driving forces of currents across the presynaptic and postsynaptic membranes. By
allowing [K+]_SC or ϕ_SC to be held constant as required, the model allows the separation of these two
processes which cannot be achieved experimentally.
Results
Simulations capture frequency independence of ephaptic coupling and low-pass behavior of K+ modulation
at the synaptic cleft and show that together these process can account for the recorded NQ behavior at the
synapse. Currents through the low-voltage-activated potassium conductance (gK,L) on the hair cell and Kv7.4
and HCN channels on the post-synaptic membrane were compared. At rest and during stimulation of the hair
bundle, the currents through gK,L and Kv7.4 were an order of magnitude greater than current through HCN.
Conclusions
The VHCC model is capable of capturing the putative roles of channels and transporters and exploring their
interactions in an in-silico physiological representation of the vestibular hair cell-calyx synapse. gK,L and
Kv7.4 appear to be the foremost mediators of transmission during physiological operation. Model simulations
suggest that both frequency independent ephaptic coupling and low-pass K+ modulation both accelerate nonquantal transmission between the hair cell and afferent neuron.
Supported by NIH-NIDCD R01 DC012347
SA53. Internal Noise in Auditory Modulation Detection Between 6 and 9 Years of Age
Human Development
Irene Lorenzini1, Christian Lorenzi2, Léo Varnet2, Laurianne Cabrera*3
1
Université de Paris, 2Ecole Normale Supérieure; CNRS, 3Universite de Paris - CNRS
Background
Amplitude-modulation (AM) sensitivity improves until 10 years of age. AM-detection development may not
be explained by changes in the shape and bandwidth of (central) modulation filters, but rather by a reduction
in internal noise in the AM domain. In order to test this hypothesis, behavioral tasks were designed to assess
the development of AM detection thresholds, AM masking and AM detection consistency (a proxy of internal
noise) between 6 and 9 years of age.
Methods
Eighty-six children (range: 6-9.2 years) and 15 adults (range: 18.2-27.5 years), all with normal hearing,
participated in the study. Participants completed a 2-alternative forced-choice task (2I, 2AFC) using an
adaptive procedure estimating AM detection thresholds (AMDTs) for an 8-Hz sinusoidal AM target. In this
first task, AMDTs were measured using either a 500-Hz sinusoid or a 4-Hz wide narrowband noise centered
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at 500 Hz as a carrier. Any difference in AMDTs between these two conditions should reflect AM masking
effects caused by the intrinsic random fluctuations conveyed by the narrowband carrier (AM masking being
constrained by the shape and bandwidth of modulation filters). In the second task, response consistency for
AM detection was measured using the “double-pass” paradigm. In this task, AM detection performance was
measured using an 8-Hz sinusoidal AM target carried by a 4-Hz wide narrowband noise centered at 500 Hz
and presented at the individual detection threshold. Performance was measured for 200 trials that were
repeated twice (2 passes) using a 2I, 2AFC task and a constant-stimuli procedure. Percentage of correct (PC)
AM detection in each pass was used to estimate performance and percentage of agreement (PA) of responses
between each trial of the 2 successive passes was used to estimate within-listener consistency.
Results
AMDTs obtained with both carriers did not significantly improve from 6 to 9 years (ps > .37), while they did
improve from childhood to adulthood (ps .001). Moreover, all children were similarly impaired by the random
fluctuations of the narrowband carrier and demonstrated AM masking (ps < .001). When children were tested
at threshold, both PC and PA increased with age (ps = .03). Thus, the characteristics of AM filtering (shape
and bandwidth of modulation filters) were not affected by age, but aspects of processing efficiency (i.e.
internal noise) were.
A computational model based on the modulation-filterbank concept was used to simulate PC/PA real data. In
this model, the variance of internal noise was the only parameter to be varied. The variance required to
simulate the children’s group data was three time higher than the variance required to simulate the adults’
group data.
Conclusions
Overall, both the experimental and simulation data suggest that AM processing is not adult-like in childhood
due to a higher level of internal noise compared to adults.
SA54. A Deep Learning Based Cochlear Hair Cell Analysis Pipeline
Inner Ear: Anatomy & Physiology
Christopher Buswinka*1, David Rosenberg2, Artur Indzhykulian2
1
Harvard University, 2Harvard Medical School / MEEI
Background
Our sense of hearing is enabled by a set of highly specialized sensory cells – the hair cells – located within
the Organ of Corti in the inner ear. In mammals, the Organ of Corti is enclosed within the spiral-shaped
cochlea. Although the hair cells are precisely arranged along the Organ of Corti epithelium in a very
stereotypic way, a number of their properties change from the apex of the cochlea, to its base. Nowadays
protein expression, gene expression, cell survival and many other measurements are performed in three
cochlear locations (apex, middle and base) to reflect any changes or gradients along the cochlea.
Over the past decade, various tools for light microscopy allow for large data set collection. For example, most
confocal microscope providers enable the acquisition of large fields of view using tiling functionality within
their application tools. As a result, it is now common to image the entire cochlear wholemount when analyzing
immunohistochemical stains, but a fine cell-by-cell analysis of every hair cell along the tonotopic axis is rarely
performed. This is because such analysis must be done manually and becomes very tedious for large confocal
data sets containing multiple Z-plains. Here we present an automatic cochlear hair cell image analysis pipeline
we developed to facilitate data extraction and open the door to the wealth of single cell measurements within
an image sequence.
Methods
A set of postnatal day 5 mouse cochlear explants expressing various levels of GFP in hair cells were stained
for Myosin 7a (a hair cell marker), DAPI (nuclear marker), and filamentous actin (a hair cell and cytoskeleton
marker). The tissue was then mounted on a slide and imaged using a 63× 1.3NA lens with a Leica SP8
confocal microscope. Next, we manually segmented and detected over 1000 hair cells using the Amira
software package. Resulting training data was used to train two deep learning networks: (1) U-Net
semantically segments hair cells in three dimensions, while (2) Faster-RCNN detects the location of instances
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of hair cells in two dimensions. The output of each network is then passed to a watershed segmentation
algorithm, generating three-dimensional regions of interest for every identifiable hair cell. Next, the cochlear
curvature is detected to record each cell’s position along the tonotopic axis.
Results
Our algorithm outputs a set of individual hair cell specific measurements, such as cell size, volume, cochlear
location, and the average immunofluorescence dye intensity. Furthermore, one could increase pipeline
functionality by retraining to detect other identifiable objects, such as synapses, mitochondria, or other cell
types.
Conclusions
The analysis pipeline is automatic, scales to large image sizes, can be used on a moderately priced desktop
workstation, and enables new studies previously considered too tedious or technically challenging.
SA55. Searching for Spontaneous Activity in the Mammalian Cochlea
Inner Ear: Anatomy & Physiology
Patricia Quiñones*1, Sebastiaan Meenderink2, Neji Zoghlami3, Anna Wisniowiecki4, Brian Applegate1,
Dolores Bozovic3, John Oghalai1
1
University of Southern California, 2VA Loma Linda Healthcare System, 3California NanoSystems Institute,
UCLA, 4University of Southern California; Texas A&M University
Background
Active hair bundle mechanics have been proposed as one of the processes that underlies inner ear
amplification, a process that boosts the smallest vibrations in the inner ear to increase sensitivity and frequency
selectivity. One manifestation of this active process is spontaneous mechanical oscillations of the hair bundle,
which have been reported in in vitro preparations of non-mammalian ears. However, spontaneous bundle
oscillations have not been recorded in mammalian hair cells.
The goal of this study was to determine if there is evidence for spontaneous bundle activity in the mammalian
cochlea. We reasoned that the in vitro condition —suitable for recording spontaneous bundle oscillations in
non-mammalian hearing organs— may be incompatible for measuring such activity in the mammalian
cochlea. So, we used in vivo optical coherence tomography (OCT) to record spontaneous oscillations in the
organ of Corti. Although the OCT system cannot measure bundle motility directly, we hypothesized that
spontaneous outer hair cell (OHC) bundle movements should manifest as vibrations within the organ of Corti
because OHC electromotility follows the receptor potential.
Methods
We recorded sound-driven and spontaneous vibrations from three structures in the organ of Corti: the tectorial
membrane (TM), the OHC region, and the basilar membrane (BM) using OCT. These recordings were done
in wildtype mice and in our TectaC1509G knock-in mouse model that has reduced TM loading of the hair
bundles. The latter were included based on the observation that the non-mammalian system requires unloading
of the hair bundles to permit spontaneous bundle oscillations to occur.
Results
75% of wild type mice showed spontaneous oscillations primarily in the OHC region. These were ~30-170
pm peak amplitude. We rarely observed spontaneous oscillations in the BM, although they were occasionally
found in the TM. The spontaneous oscillations had frequencies that corresponded to the best frequency of the
recording locations, and they could be suppressed by pure tone stimuli in a frequency- and amplitudedependent manner. We did not find evidence of spontaneous activity in any of the TectaC1509G mutant mice.
Conclusions
The normal mouse organ of Corti exhibits low level spontaneous vibrations that, unlike in non-mammals, are
not suppressed by the load of the TM. The reliance of spontaneous activity on the contact between the TM
and hair bundles indicates that the bundles are involved in this process. However, it remains unclear whether
bundles are the source of the spontaneous activity or simply a critical link in a positive-feedback loop that is
needed to amplify spontaneous activity originating elsewhere within the organ of Corti.
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SA56. Objective Auditory Brainstem Response Wave 1 Threshold, Amplitude, and Latency
Determination
Inner Ear: Anatomy & Physiology
Lukas Breitzler*1, Nick Schubert2, Sonja Pyott3
1
University of Groningen, 2University of Groningen, University Medical Center Groningen, 3University
Medical Center Groningen
Background
Measurement of the auditory brainstem response (ABR) allows non-invasive assessment of auditory function.
ABR waveforms consist of multiple peaks and troughs, which represent synchronized sound-evoked potentials
along the auditory pathway. Wave I of the ABR results from the summed sound-evoked activity of the primary
auditory (spiral ganglion) neurons and is useful to diagnose peripheral auditory function. Waveform analysis
traditionally includes determining the auditory threshold—the stimulus intensity at which Wave 1 first
appears—and evaluating changes in Wave 1 amplitude and latency as a function of stimulus intensity (i.e.
Wave 1 amplitude and latency input-output (I/O) slopes). Analysis is usually performed visually, increasing
workload and leaving the procedure susceptible to experimenter bias.
Methods
To overcome these limitations, we developed an algorithm in R that extracts ABR amplitude and latency
information by detecting local maxima and minima within user defined windows and automates Wave 1
amplitude and latency I/O slope analysis. Furthermore, this algorithm fits ABR Wave 1 amplitude responses
to different stimulus intensities with a log logistic regression model to interpolate auditory thresholds at a
criterion value corresponding to an estimate of the ABR signal’s background noise. As regression model fitting
allows determining thresholds on a continuum of stimulus intensities, rather than fixed stimulus intensity
steps, we additionally tested how robust the algorithm is for data sampled from increased stimulus intensity
step sizes (5, 10, 15, 20, 35 dB). Algorithm-determined I/O slopes and thresholds were validated in comparison
to observer-determined values using data from two mouse lines with distinct auditory impairments. To this
end we tested whether the algorithm identified statistically significant differences for comparisons that were
previously identified to be statistically significant by observer analysis.
Results
Algorithm-determined Wave 1 amplitude and latency I/O slopes and thresholds were comparable to observerdetermined data. Observer determined auditory phenotypes of mice in both datasets were also identified by
algorithm analysis. Threshold detection also proved robust against data sampled from stimulus intensity stepsizes of up to 10 dB, potentially allowing significant reduction of ABR recording time.
Conclusions
The comparable results between observer and algorithm-determined data proves applicability of the algorithm
for objective and rapid evaluation of ABR data. Current work focuses on building a user-friendly interface
and testing this algorithm on ABR data from more species.
SA57. Noise Exposure Triggers Changes in Synaptic Function in Mammalian Hair Cells
Inner Ear: Anatomy & Physiology
Luis Boero1, Shelby Payne2, Maria Gomez-Casati3, Mark Rutherford4, Juan Goutman*1
1
INGEBI (CONICET - UBA), 2Washington University School of Medicine, 3Universidad de Buenos Aires,
4
Washington University in St. Louis
Background
Noise-induced hearing loss has gained relevance as one of the most important sources of hearing loss. The
underlying causes of this condition have been investigated over years at histological and morphological levels,
with much less progress in the physiological aspects. It has been demonstrated that noise exposure (NE)
pg. 56

The Association for Research in Otolaryngology (ARO)
The 44th Annual MidWinter Meeting
Saturday, February 20, 2021, U.S. Eastern Time Zone

produces long-term structural damage to the inner ear, such as a reduction in the number synapses between
inner hair cells (IHCs) and afferent neurons, but less is known about its impact in the ability of IHCs to signal
auditory information. Here we intend to address if the capacity of IHCs to release neurotransmitter is altered
after NE.
Methods
Mice of either sex at ages P15-P16 (C57BL/6J VGluT3 KO or WT) were exposed to 1-12 kHz noise at 120
dB SPL, for 1 hour in a reverberant acoustic chamber. One day and 14 days after exposure mice displayed
significantly increased auditory brainstem responses (ABR) thresholds as well as a strong reduction in wave
1 amplitudes. Moreover, elevation of the distortion product otoacoustic emissions (DPOAE) thresholds
together with loss of outer hair cells (OHCs) in the basal region was observed in exposed mice, suggesting a
noise-induced impairment of cochlear amplification. One day after exposure cochleae revealed signs of
deafferentation when it was assessed by whole-mount immunostaining for CtBP2 –the major component of
the synaptic ribbon-, GluA3 –a postsynaptic AMPA receptor subunit- and CaV1.3, to see the synaptic coupling
to calcium entry.
Results
Then, we addressed the impact of NE on neurotransmitter release from IHCs by measuring Ca2+ currents and
changes in membrane capacitance (∆Cm) in unexposed and one day after exposure IHCs through whole-cell
patch clamp recordings. When short depolarizing pulses were applied, larger ∆Cm jumps but no differences
in Ca2+ currents were observed in exposed IHCs compared to controls (20.2±3.2 fF and 12.4±1.8 fF,
respectively at -30 mV pulse). Increased Ca2+ cooperativity for vesicle release was observed in noise exposed
mice. In addition, exposed IHC showed augmented ∆Cm specially with pulses above 100 ms (for 1s pulse:
104.5±7.1 fF for control, 167.7±22.6 fF for exposed), but no differences in calcium entry were observed for
any duration of depolarization. It is known that NE leads to a massive Ca2+ influx together with the release
of large amounts of glutamate (that could act retrogradely). To determine which of these two was responsible
for the potentiated release, we made use of the vesicular glutamate transporter Vglut3 knock-out (KO) mouse.
In contrast to what was observed in WT mice, exposed KO showed reduced ∆Cm compared to controls.
Conclusions
These results suggest that noise exposure potentiated vesicle release in IHC, possibly by accelerating vesicle
recruitment, and this phenomenon would be dependent upon the intense glutamate release produced during
NE.
SA58. Efferent Innervation and Function With HA-Tagged α9 and α10 nAChRs in the Mouse Cochlea
Inner Ear: Anatomy & Physiology
Hakim Hiel*1, Pankhuri Vyas2, Megan Wood2, Yuanyuan Zhang2, Adam Goldring2, Fatima Chakir2, Paul
Fuchs2
1
Johns Hopkins University, 2Johns Hopkins University of Medicine
Background
Efferent inhibition of cochlear hair cells is mediated by α9α10-containing nAChRs. CRISPR-Cas9 technology
(Clustered Regularly Interspaced Short Palindromic Repeats, Caspase 9) was used to append a hemagglutinin
(HA) tag to the C-terminus of each of the α9 and α10 subunits. As reported previously (Abstract #920, ARO
2020) this provided a reliable method for imaging nAChRs on cochlear hair cells using HA immunolabeling.
The present work provides additional physiological and morphological detail for these HA-tagged mouse
models. Of note, the homozygous mice had reduced synaptic transmission, and smaller efferent terminals
than either the heterozygous or the wild type genotype.
Methods
ABR recording and tissue extraction from mice of both sexes were carried out under protocols approved by
the Johns Hopkins Animal Care and Use Committee (ACUC). Immunohistology was done on excised
cochlear tissue of pre-hearing and adult heterozygous and homozygous α9 and α10 HA-tagged mice.
Intracellular recording utilized pre-hearing mice of all genotypes.
Results
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Heterozygous and homozygous mice with HA tags on either α9 or α10 responded equally with wild type mice
when presented with click or pure-tone stimuli as determined by ABR threshold, wave 1 latency and peak
amplitude. HA-immunolabel for heterozygous and homozygous HA-tagged α9 or α10 was closely associated
with ChAT or SV2 immunolabeled efferent terminals on OHCs, and formed numerous smaller puncta on prehearing IHCs. Diffuse cytoplasmic HA immunoreactivity also was observed. The number of efferent
terminals per OHC among the four genotypes did not differ from wildtype. However, efferent terminal volume
was significantly smaller in homozygous HA-tagged α9 and α10 cochleas. Intracellular voltage-clamp
recording of efferent synaptic currents was carried out in IHCs and OHCs of all four genotypes and wild type.
Biphasic synaptic currents were found in IHCs and OHCs of all genotypes, showing that both nAChRs and
associated calcium-dependent potassium currents were present. The amplitude and time course of synaptic
currents in heterozygous IHCs and OHCs were not different from wild type. In homozygous IHCs and OHCs,
postsynaptic amplitude was significantly smaller than in heterozygous or wild type recordings. Presynaptic
release also was reduced in the homozygous condition.
Conclusions
Both homozygous and heterozygous HA-tagged α9 and α10 nAChRs mice provide experimental models for
visualizing the expression and localization of postsynaptic specializations in cochlear hair cells.
Immunolabeling was reliable in all genotypes, while synaptic morphology and physiology were equivalent to
wild type in heterozygotes, but not in homozygotes. It remains to be determined why homozygous HA tags
disrupt synaptic function, but the present evidence shows that heterozygous HA-tagged mice will be preferable
for future studies.
1. Fuchs, P. A. & Lauer, A. M. Efferent Inhibition of the Cochlea. Cold Spring Harb Perspect Med 9 (2019).
SA59. Neuronal Network Generated by Human Pluripotent Stem Cell-Derived Otic Neurons in the
Inner Ear
Inner Ear: Cochlear Mechanics
Christian Roque*1, Luisa Silva1, Rachel Heuer1, Hsiang-Tsun Chang1, Kevin Nella1, Benjamin Norton1, Elif
Tunc-Ozcan1, Tammy McGuire1, Akihiro Matsuoka1
1
Feinberg School of Medicine, Northwestern University
Background
Stem cell replacement therapy for spiral ganglion neurons (SGNs) has been proposed for the future treatment
of sensorineural hearing, possibly in conjunction with a cochlear implant. However, our most recent study
demonstrated that the efficiency of neurite extension from stem-cell-derived neurons toward the extant SGNs
had not been maximized. As a result, functional recovery in vivo has not been adequately evaluated so far.
This limitation is partly due to the lack of understanding of how transplanted human stem-cell derived neurons
develop the neural network in the inner ear. We hypothesize that neural network of a deafened murine model
will give us insight into maximizing the efficiency of neurite extensions.
Methods
To overcome this hurdle, we used a method based on a modified rabies virus (G-deleted) that allows for the
tracing of neurites from transplanted human pluripotent stem cell (hPSC) derived neurons. G-deleted rabies
virus is a mutant deletion virus in which the gene coding for glycoprotein is replaced by the gene coding for
a fluorescent protein. The envelope of G-deleted rabies virus is pseudo-typed only to infect cells expressing
the TVA receptor. With the G-deleted system, the virus is only capable of retrograde monosynaptic infection,
allowing for specific targeting. Using this system, this study aims to trace the connectivity of transplanted
hESC-derived neurons in a murine model. This murine model will consist of a crossbreed between the RφGT
and Nos1-Cre mice. This resulting transgenic mouse will express the TVA receptor protein, the recombinant
glycoprotein G (RABVGP4), and Cre-recombinase in neurons that express the endogenous nitric oxide
synthase 1 (Nos1) protein.
Results
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Our preliminary data indicated that hPSCs had been differentiated into otic neuronal progenitors (ONPs).
Three-dimensional ONP spheroids have been generated, and they have been transplanted into a murine model.
The transplanted graft has extended neurites to create new synaptic connections with endogenous
SGNs. Based on the preliminary data, it is feasible to investigate the derived graft's neural connectivity with
endogenous mouse SGNs.
Conclusions
We will explore this system to see if this is the appropriate model for investigating the neural network in the
inner ear. We predict that a deeper understanding of the neuronal network generated by stem-cell-derived
grafts with SGNs will advance a future design of a biohybrid cochlear implant in the future.
SA60. Intracochlear Fluid Pressure: Implications of Complex Organ of Corti Micromechanical
Vibrations
Inner Ear: Cochlear Mechanics
Michael Rouleau*1, Georgios Samaras1, Julien Meaud1
1
Georgia Institute of Technology
Background
The mammalian cochlea is a complex system consisting of two fluid-filled ducts separated by a set of cellular
and structural components known as the organ of Corti. Fluid pressure in the cochlear ducts interacts with the
organ of Corti to stimulate the mechanoelectrical receptors responsible for hearing. Most cochlear models
only consider basilar membrane (BM) - fluid interactions because, until recently, in vivo dynamic
measurements were limited to the BM. Recent measurements of tectorial membrane (TM) and reticular lamina
(RL) radial and transverse motions using optical coherence tomography motivate us to develop cochlear
models that consider coupling of the fluid to each of these components of the organ of Corti in addition to the
BM.
Methods
In this work, finite element models are used to simulate a 23 micron long apical slice of a mouse cochlea.
These models consider the slow wave that propagates longitudinally due to the interaction between the
cochlear structures and the fluid by assuming scaling invariance and applying Floquet boundary conditions.
However, because the models only include a slice of the cochlea rather than the full cochlear length, the fast
propagating wave in the fluid ducts is excluded. The published experimentally measured motion of the BM,
RL and TM membrane are used as inputs to the finite element models. The models are then used to predict
the fluid pressure in the cochlear ducts. Even though outer hair cell (OHC) electromotility is not explicitly
modeled, the models appropriately capture the consequence of OHC activity on the vibrations of organ of
Corti structures, since the used experimentally data is taken for live mice in a wide range of sound pressure
levels.
Results
By focusing on the slow wave’s contribution to the fluid dynamics in the cochlear ducts, this work explores
the relationship between the sound-evoked vibrations of the organ of Corti and spatial pressure variations.
Notable findings include the relationship between the pressure distribution and wavelength in a manner
consistent with acoustic theory. Further, the scala vestibuli pressure distribution is shown to exhibit zones of
constructive and destructive interference due to the interactions between the acoustic pressure radiated by the
different vibrating structures of the organ of Corti.
Conclusions
This study will provide a basis for future computational models to consider complex interactions between the
organ of Corti micromechanics and the cochlear fluid in the entire cochlea.
SA61. Developing an Inclusive Finite Element Model of the Chinchilla Inner Ear
Inner Ear: Cochlear Mechanics
Nicholas Castle*1, Junfeng Liang1, Ke Zhang1, Chenkai Dai1
pg. 59

The Association for Research in Otolaryngology (ARO)
The 44th Annual MidWinter Meeting
Saturday, February 20, 2021, U.S. Eastern Time Zone
1
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Background
The mammalian inner ear consists of the cochlea and vestibular system and is responsible for converting
acoustic waves, linear translation, and rotational motion into sensible electronic impulses. Creation of these
impulses relies on a network of lymphatic fluid filled chambers whose movement is sensed by auditory hair
cells. These impulses are relayed to the brain via the vestibular and cochlear nerves resulting in the senses of
hearing and balance. Modeling this network is uniquely difficult because of its small size and complexity.
Previous approaches have primarily utilized histology, CT scans, and MRI scans as reference. Histology has
proven to be a reliable source of geometric details in cross sections but lacks vertical resolution as important
geometry can be missed or distorted during the imaging process. CT scans are unequipped to capture details
of soft tissue (e.g. nerve tissue), while MRI scans cannot identify the fine geometry of ossicles. Though
focusing on singular tissues has its merits, a more inclusive approach is necessary to model the mechanical,
acoustic, and physio electric properties of the inner ear.
Methods
A computational model of the inner ear was developed by co-referencing µ-MRI and µ-CT imaging of a
chinchilla bulla. Each image was segmented using the software 3D Slicer yielding a point cloud. Seeding and
boundary tracing functions provided maximal accuracy for tissue boundaries. The geometry between points
was extrapolated using the metadata of each scan and the models of the nerves, brain, temporal bone, cochlea,
and vestibular system were rendered. Surface geometry was refined in MeshMixer to remove artifacts captured
in the segmentation process through selective smoothing. The size of each geometric element was optimized
in HyperMesh to ensure accuracy in assignment of material properties. Material properties of each tissue
segment were determined through measurements in our laboratory or from literature research and assigned to
the model in Ansys. Ansys was also used for simulation. The model was validated with data obtained from
literature and animal testing.
Results
The model created in this study includes the cochlea, vestibular system, connected nerves, surrounding brain,
and temporal bone. 3-D reconstruction of µ-MRI and µ-CT scans of a single subject resulted in geometrically
accurate tissue boundaries. Each tissue was constructed independently making the model easily separable into
components, providing efficiency in use of computation power. An array of material properties were assigned
by group to optimally shaped polygons in each tissue, resulting in high resolution of generated data.
Conclusions
With geometry obtained by co-referencing µ-MRI and µ-CT scans, a comprehensive computational model of
the chinchilla inner ear was created with potential for simulating mechanical, acoustic, and physio electric
activity in the mammalian hearing and balancing system.
SA62. Cochlear Amplification as Modulated by Brain State
Inner Ear: Cochlear Mechanics
Michelle Pei*1, Christopher Lui1, James Dewey1, Frank Macias-Escriva1, Wihan Kim1, Matthew McGinley2,
Brian Applegate1, John Oghalai1
1
Keck School of Medicine of USC, 2Baylor College of Medicine
Background
While the presence of an efferent neural network relaying signals from the auditory cortex to the cochlea has
been identified and studied over the last several decades, its functional significance in top-down modulation
of auditory processing remains poorly understood. More specifically, it is not yet clear whether brain state
modulates cochlear sensitivity through auditory efferent neurons. Here, we present preliminary data
examining how anesthesia affects sound-induced vibrations in the organ of Corti (OoC) using wild-type and
CHRNA9 knock-out mice.
Methods
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Wild-type CBA/CaJ and mutant CHRNA9 knock-out mice between 7-10 weeks old were used; CHRNA9
knock-out mice lack the postsynaptic ⍺9-nicotinic acetylcholine receptor subunit on cochlear outer hair cells
where medial olivocochlear (MOC) efferent fibers terminate, thereby interrupting cortical signaling to the
cochlea. Headposted mice were affixed on a wheel in a dimly lit soundproof booth. A continuous loop of
sound stimuli from 2-15 kHz at 30, 50, and 70 dB was played. Sound-induced OoC vibration measurements
were made noninvasively using a custom-built optical coherence tomography system in two different brain
states: anesthetized under ketamine/xylazine and awake without arousal.
Results
In wild-type mice, OoC vibrations were greater in magnitude across frequencies below-CF in the awake state
than the anesthetized state; this difference was not observed in CHRNA9 KO mice that lack a fully functional
MOC efferent system. Vibrations in the middle ear remained unchanged between awake and anesthetized
states in both wild-type and CHRNA9 KO mice, and therefore did not contribute to the observed OoC
vibration differences.
Conclusions
These preliminary results suggest that the MOC efferent system is involved in top-down cortical modulation
of cochlear responses. Further work will focus on confirming this finding and studying the role of brain state
in modulating cochlear amplification.
SA63. Filtering of Distortion-Product Otoacoustic Emissions by Intracochlear Wave Interference
Inner Ear: Cochlear Mechanics
James Dewey*1, Christopher Shera1, Brian Applegate1, John Oghalai1
1
University of Southern California
Background
Distortion-product (DP) otoacoustic emissions (DPOAEs) would ideally provide a direct window onto the
nonlinear mechanisms that underlie their generation. However, as DPOAEs reflect the sum of DP wavelets
generated over a potentially broad cochlear region, their relationship to the DP generated at any particular
cochlear location may be complex. Part of this complexity is likely due to DP wavelets arriving at the stapes
with varying phase relationships, such that they constructively or destructively interfere. Here, we test the
hypothesis that this wave interference produces the well-characterized bandpass shape observed in DPOAE
amplitudes when the frequency separation between the stimulus tones is varied from wide to narrow. This
bandpass shape has previously been attributed to actual variations in the amplitudes of the intracochlear DPs
near where they are generated, due to mechanisms such as suppression or resonance. To test whether a more
globally acting, wave-interference mechanism may instead be responsible, we combine DPOAE and
intracochlear DP measurements in mice with a simple modeling approach.
Methods
We used optical coherence tomography to measure vibrations of the basilar membrane, outer hair cell region,
and tectorial membrane within the mouse cochlear apex. Vibratory responses to single tones and two-tone
stimuli were obtained, with the ear canal pressure measured simultaneously. In a typical paradigm, we fixed
the higher-frequency tone (f2) at the characteristic frequency of the measurement site while varying the lowerfrequency tone (f1) and examined the 2f1-f2 DP/DPOAE as a function of f2/f1 ratio. A computational model
based on our vibratory data was then used to understand how varying the f2/f1 ratio would affect the phases
of DPs arriving at the stapes from different locations, and thus how the DPs would interfere.
Results
DPOAE amplitudes reliably exhibited a bandpass shape as the f2/f1 ratio was varied, peaking when f2/f1=1.3
and rapidly declining at larger and smaller ratios. In contrast, intracochlear DP amplitudes typically increased
as the f2/f1 ratio approached 1. Thus, the bandpass DPOAE pattern cannot be attributed to variations in
intracochlear DP amplitudes. Instead, preliminary computations indicate that this pattern is due to wave
interference. DP wavelets are predicted to sum most in phase, resulting in large DPOAEs, for f2/f1 ratios near
1.3, as experimentally observed. At smaller and larger ratios, DP phases are predicted to vary such that they
destructively interfere, resulting in smaller DPOAEs.
Conclusions
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The bandpass DPOAE amplitude vs. f2/f1 ratio function can largely be attributed to intracochlear wave
interference. As the degree of wave interference theoretically depends on properties that co-vary with the
sharpness of cochlear tuning, future work will examine whether the latter can be noninvasively inferred via
DPOAE measurements.
Supported by a Hearing Health Foundation Emerging Research Grant and NIH/NIDCD grants R21
DC019209, R01 DC014450, R01 DC017741, and R01 DC003687.
SA64. Quantification of Cisplatin Distribution in the Cochlea in Nanometer Scale
Inner Ear: Damage & Protection
Xiaodong Tan*1, Alan Robinson2, Stuart Stock1, Olga Antipova3, Evan Maxey3, Claus-Peter Richter2
1
Northwestern University, 2Feinberg School of Medicine, Northwestern University, 3Argonne National
Laboratory
Background
Cisplatin is used in the treatment of about 1/5 of all adult and pediatric solid tumors. Irreversible hearing loss
has been reported as a side effect in 40-80% of adults and 50% of children. Cisplatin ototoxicity has been
explained by the uptake of cisplatin into the cells which activates ROS generation. This mechanism can
explain the outer hair cell loss described in previous studies. Furthermore, a recent paper has shown that the
stria vascularis accumulates platinum and should also be considered as a target in preventing its ototoxic side
effects. With the assumption that damaged tissue accumulates cisplatin, identifying structures that
accumulated platin would provide target structures for cochlear damage. Recently, we adopted x-ray
fluorescence microscopy (XFM), which is able of measuring the concentration of biologically relevant
elements with a nanometer lateral resolution. In this study, we used XFM to determine the key target
structure(s) in the cochlea accumulating cisplatin after cisplatin treatment.
Methods
A commercially available tumor bearing transgenic mouse model expressing mouse mammary tumor virus
(MMTV) polyomavirus middle T agent (PyMT) oncogene was used in this study. The female carriers of
MMTV-PyMT mice develop mammary tumors automatically at the ages of around 2 months. When the tumor
size reached 500 mm2, the mice were treated by cisplatin (4 mg/kg/dose) intraperitoneally, following a
chemotherapy regimen consisting of 4 doses across 4 days followed by a 10-day recovery period, repeated for
3 cycles. The cochlear function was monitored by measuring Auditory Brainstem Response (ABR) before and
after each cycle of the treatment. After completion of the treatment regimens and assessment of hearing with
ABRS, XFM was applied at Beamline 8-BM at Argonne National Laboratories to scan cochlear cross-sections
for cisplatin distribution.
Results
Cisplatin chemotherapy induced progressive hearing loss which was aggravated over cycles. Cisplatin
treatment led to the accumulation of platinum in the inner ear, which was high in the vestibular system and
the bony structures.
Conclusions
Surprisingly high concentrations of platin were found in the bony structures, higher than in the soft tissue
structures of the cochlea, including the stria vascularis or outer hair cells. Similarly, the platinum concentration
in the vestibular system was higher without obvious vestibular signs in the treated animals. Studies on the
discrepancy are ongoing.
SA65. Degradation of CDK2 Using Protac for Hair Cell Protection
Inner Ear: Damage & Protection
Santanu Hati*1, Marisa Zallocchi1, Robert Hazlitt2, June J Li1, Zhenhang Xu1, Jaeki Min2, Jian Zuo1
1
Creighton University, 2St. Jude Children’s Research Hospital
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Background
Hearing loss is a major health problem in our society. Despite extensive research on the mechanisms of hair
cell loss, to date there are no FDA-approved drugs to protect against cisplatin-, noise-, aminoglycosideinduced or age-related hearing loss. Recent studies show that inhibition of cyclin dependent kinase 2 (CDK2)
can protect hair cells from cisplatin-induced ototoxicity. This finding was further supported in CDK2knockout mice that had reduced levels of hearing loss after cisplatin treatment compared to wildtype mice.
Thus, the development of a highly selective CDK2 inhibitor is an immediate unmet need with enormous
potential to develop as a co-therapy to prevent cisplatin-induced hearing loss and cancers that overexpress
CDK2, such as glioblastoma, prostate cancer, and B cell lymphoma. Proteolysis targeting chimera or
PROTAC is a bifunctional molecule composed of a ligand for the target protein (i.e., CDK2) and a ligand for
E3 ligase recruitment, connected by a linker for targeted protein degradation. It has become an emerging
effective strategy to use already highly selective small molecule inhibitors to substantially enhance the
selectivity by hijacking the ubiquitin−proteasome system to further degrade a cellular target protein.
Methods
Recently conducted unbiased HTS of bioactive compounds (total of 4,385 unique compounds) in a cochlear
ear cell line identified cyclin dependent kinase-2 (CDK2) as an important therapeutic target for cisplatininduced cell death and hearing loss. Further screening of additional 187 CDK2 inhibitors with desirable druglike properties, identified AZD5438 as a top hit exhibiting IC50 values for CDK2 inhibition in vitro and hair
cell protection in cochlear explants of 6 and 5 nM, respectively, and therapeutic index of >200 in cochlear
explants. We therefore hypothesize that it can be developed as a highly selective CDK2 PROTAC degrader
for cisplatin-induced hearing loss and effective clinical cancer treatment.
Results
We synthesized four PROTAC molecules using the CDK2 inhibitor AZD5438. Cereblon (CRBN) and von
Hippel−Lindau (VHL) were considered as E3 ligase and used for the composition with variable linkers to
synthesize the PROTACs over multistep. The use of two proven E3 ligase recognition domains (CRBN and
VHL) will ensure non-toxicity and high effectiveness of our strategy. Excitingly, our preliminary results
showed that one of our AZD5438-PROTACs exhibits partial degradation specifically for CDK2 but not
CDK1/9 in the cochlear cell line and zebrafish lateral line neuromasts in vivo, and further protects against
cisplatin-induced hair cell loss in neuromasts in vivo.
Conclusions
Here we showed that CDK2 inhibitor AZD5438 can be developed into selective CDK2 PROTAC degrader
and used as a co-therapy to prevent cisplatin-induced hearing loss and cancers that overexpress CDK2, such
as glioblastoma, prostate cancer and B cell lymphoma.
SA66. Investigate the Effect of Cochlear Implantation on Vestibular System with Finite Element
Model
Inner Ear: Damage & Protection
Junfeng Liang*1, Rong Gan1, Chenkai Dai1
1
University of Oklahoma
Background
Sensorineural hearing loss is the third leading cause of disability worldwide. One standard treatment for the
sensorineural hearing loss is cochlear implants (CIs). The implanted device replaces the function of the
damaged hair cells by transmitting the electrical impulses directly to the acoustic nerve. Since the early
development of the CIs, studies have shown that the sequelae of the cochlear implantation procedure may
include detrimental effects on patients’ vestibular function. However, due to the different selections of the
study strategies and the variation of the patients, the data for the effect of the cochlear implantation on the
vestibular system are contradicting and the underlying mechanism is also not well explained. In this study, we
used an inner ear finite element (FE) model to study this effect of cochlear implantation.
Methods
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A highly realistic FE model of an intact chinchilla inner ear including cochlea and vestibule was developed
based on the micro computational tomography of a chinchilla bulla. The model includes the three lymphatic
ducts of the cochlea, the two types of lymphatic fluid in the vestibule and the acoustic and equilibration organs
in the inn ear. Material properties were based on those measured in our laboratory or reported in the literature.
The change of the geometries of the membranous labyrinth in the cochlea was reflected in the model and the
effect of the insertion of the CIs was simulated with three categories of damages in the cochlea. The lesion of
the membranous labyrinth was modeled as void elements on the membrane. Endolymphatic hydrops was
modeled as an alternation of the endolymphatic pressure. CI insertion induced blood clots were modeled as
element in the lymphatic fluid with blood clot material properties.
Results
A preliminary study shows that with sheer consideration of the effect on diminishing the size of the scalar
tympani, cochlear implantation increased the endolymphatic pressure at the semicircular canal by 3.7%. The
endolymphatic pressure distribution was similar to the pattern of endolymphatic hydrops. It concurrently
demobilized the cupula response to the head rotation by 30% compared to the control inner ear without
cochlear implantation. The static pressure from endolymphatic hydrops also changed the cochlear fluid
distribution and removed the basilar membrane vibration at high frequency and reduces it at low frequency.
Conclusions
The preliminary results affirm the correlation between secondary endolymphatic hydrops and post-operative
trauma following cochlear implantation from the recent clinical investigation. Quantitative evaluation for the
variation of CIs geometries and insert position in the future study will deepen our understanding of the
mechanism of the effect of CIs on inner ear function and improve the design of next generation of CIs.
SA67. SENS-401 Effectively Reduces Severe Acoustic Trauma-Induced Hearing Loss in Male Wistar
Rats With Twice Daily Administration Delayed up to 7 Days
Inner Ear: Damage & Protection
Mathieu Petremann*1, Viviana Delgado Betancourt1, Vincent Descossy1, Pauline Liaudet1, Emilie Bousquet1,
Christophe Tran Van Ba1, Audrey Broussy1, Laurent Désiré1, Jonas Dyhrfjeld-Johnsen1
1
SENSORION
Background
Sensorineural hearing loss through acoustic damage to the sensory hair cells, synapses and neurons of the
cochlea is among the most common types of permanent hearing loss for adults (American Speech-LanguageHearing Association - ASHA; Hearing Loss Association of America - HLAA). Currently, no approved
pharmaceutical treatment exists for sudden sensorineural hearing loss (SSNHL) and recent meta-analysis of
the standard-of-care, off-label use of corticosteroid therapy has concluded that neither systemic nor
intratympanic administration has any significant treatment effect (Crane et al. 2015). Sensorion is developing
SENS-401 as first-in-class drug for SSNHL based on its capacity to reduce hearing loss with good inner ear
exposure after systemic administration in preclinical studies and good tolerance and pharmacokinetics in phase
1 clinical trial. Here we further characterize the protective effect of a delayed administration of SENS-401
post-trauma in a severe acute noise-induced hearing loss rat model.
Methods
Following baseline audiometry (ABRs at 8/16/24/32 kHz and DPOAEs at 4/8/16/24/32 kHz), 7 weeks old
awake and behaving male Wistar rats were exposed to 120 dB SPL octave band noise (8-16) kHz for 2 hours.
Animals were randomized into treatment group receiving placebo vehicle (34 days) (n=8) or 13.2 mg/kg
SENS-401 treatment p.o. twice daily for 28 days, initiated with a delay of 24h (n=7) or 7 days (n=7) after
acoustic trauma.
Results
At D35 post trauma, placebo treated animals displayed ABR threshold shift of 45- 49.38 dB and DPOAE
amplitude loss of 0-36.84 dB depending on stimulus frequency. SENS-401 treatment with 24h initiation delay
significantly reduced ABR threshold shift after trauma while treatment initiation with 7 days delay only
reduced it markedly (but non-significant) (mean reduction: 15-22.5 dB (p=0.003) and 4.38-16.96 dB,
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respectively). Both 24h and 7 days SENS-401 treatment delays significantly enhanced ABR threshold
recoveries from 24h to D35 with mean gain of respectively 11.87-18.75 dB (p=0.001) and 4.91-12.14 dB
(p=0.031). For DPOAE measures, only 24h SENS-401 treatment delay resulted in significant reduction of
DPOAE amplitude loss with -(5)-17 dB mean gain (p=0.022). ABR wave 1 analysis at placebo group
equivalent sensation level, displayed significant improvement for amplitude losses for both 24h and 7 days
treatment delay with respectively 51% (p<0.001) and 49% (p<0.001) and for amplitudes recoveries with
respectively 126% (p=0.049) and 174% (p=0.010) compared to placebo.
Conclusions
These results support that twice daily oral administration of SENS-401 leads to significant treatment benefits
in rats suffering from severe acute noise-induced hearing loss, when administered up to 7 days after acoustic
trauma. Although this 7 days treatment delay effect was not considered relevant for clinical practice (<10 dB
improvement over placebo), it allowed to extend up to 4 days the inclusion window of our ongoing
international, multi-centric clinical trial (AUDIBLE-S, NCT03603314) for the treatment of SSNHL by SENS401.
SA68. Cochlear Vulnerability After Systemic Gentamicin-Furosemide Treatment in Wildtype Mice
Inner Ear: Damage & Protection
Liana Sargsyan*1, Alisa Hetrick1, Jessica Gonzalez1, Hongzhe Li1
1
VA Loma Linda Healthcare System
Background
Previous studies established that synaptic ribbons within the inner hair cells are one of the most vulnerable
anatomical structures in the cochlea after a relatively short duration of moderate noise exposure, recognized
as a unique form of synaptopathy. Whether a single low dose of systemic ototoxic challenge that does not
cause outer hair cell death could produce the synaptopathy in a similar manner, is unknown. We assessed the
physiological and morphological consequence in the cochlea from two wildtype stains, C57BL/6 and
CBA/CaJ mice. The mechanisms of how the cochlear macrophages behave within the damaged sensory
epithelium was interrogated additionally. Earlier studies demonstrated increased number of macrophages in
the sensory epithelium two weeks after cochlear insults including noise exposure and aminoglycoside
treatment, while neuronal plasticity at the ribbon synaptic level could observed as early as 48 hours after a
single dose gentamicin/furosemide treatment. Thus, we studied cochlear vulnerability by focusing on hair
cell survival, macrophage morphology and ribbon synapsis integrity, either 48 hours or 15 days posttreatment
in the both wildtype strains.
Methods
6-8-week-old C57BL/6 and CBA/CaJ mice were selected and injected intraperitoneally with 400 mg/kg
gentamicin, and 30 minutes later, with 200 mg/kg furosemide. ABR threshold and wave 1 amplitude were
acquired before and after treatment. Mice were euthanized and tissue collected either 48 hours or 15 days
after the treatment, temporal bones removed, and cochleae decalcified for wholemount dissection. Antibodies
against CtBP2, GLUR2 and IBA1 were used to identify presynaptic ribbons, postsynaptic densities and
cochlear macrophages, respectively.
Results
Forty-eight hours after the ototoxic treatment, C57BL/6 mice demonstrated elevated ABR wave 1 amplitude,
which is not correlated with ribbon numbers, despite their upward shift towards the pillar side. CBA/CaJ mice
appeared more sensitive to ototoxic treatment, manifested by significant ABR threshold elevation at all
examined frequencies, but the ribbon number remained unchanged. The IBA1-positive macrophages in the
sensory epithelium of the apical and the middle turn were similar to the control, in both groups of mice.
However, the numbers were significantly increased in the basal turn of the sensory epithelium of the CBA/CaJ
cochleae.
Fifteen days after the treatment, ABR thresholds and ribbon synaptic structures were worsening either
marginally or significantly, depend on the cochlear location and the mouse stain. However, the synaptic
deterioration typically occurred following a certain degree of OHC damage. In addition, macrophage
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activation was more prevalent in the C57BL/6 mice, while activation was only observed in the basal turn of
the CBA/CaJ mice.
Conclusions
Among many cochlear structures, OHCs are the most vulnerable to G/F-induced ototoxicity in both strains of
wildtype mice. Pre- and post-synaptic structural damage typically occurred after a significant OHC loss and
macrophages activation in the sensory epithelium of C57BL/6 and CBA/CaJ mice.
SA69. Cytomegalovirus (CMV) Seropositivity as a Risk Factor for Noise Trauma Susceptibility
Inner Ear: Damage & Protection
Janina Zeqiraj*1, Moritz Gröschel1, Stefan Voigt1, Susanne Schwitzer1, Arne Ernst1, Dietmar Basta1
1
UKB, University of Berlin, Charité Medical School
Background
Cytomegalovirus (CMV) represents the leading congenital viral infection in humans. Although congenital
CMV due to vertically transmitted infections is the main cause of CMV related diseases, adult CMV infections
might still be of clinical significance. It is still discussed how far CMV seropositivity, due to horizontal
infection in immunocompetent adults, is able to induce significant dysfunction. The present study investigates
in how far CMV seropositivity is an additional risk factor for an increasing susceptibility to sensorineural
hearing loss induced by acoustic injury during adulthood in a guinea pig CMV (GPCMV) model of noise
induced hearing loss (NIHL).
Methods
Two groups (GPCMV seropositive vs. seronegative) of normal hearing adult guinea pigs were noise exposed
by broad band noise (5-20 kHz) for 2 hours at 115 dB SPL. Frequency-specific ABR-recordings for
determination of auditory threshold shift were carried out and the number of missing outer hair cells was
counted two weeks after the noise exposure.
Results
The data show an increased shift in auditory thresholds in seropositive animals compared to the seronegative
control group in response to noise trauma, which was significant at high frequencies. Interestingly, differences
in threshold shift are not correlated with outer hair cell loss between the experimental groups.
Conclusions
The results suggest significant additional pathologies in a guinea pig NIHL model in correlation to GPCMV
seropositivity, which must be taken into account when assessing risks of latent/reactivated CMV infection.
Future studies should clarify which target structures are responsible and the significance of the infection route.
SA70. Acoustic Trauma Causes Cochlear Pericyte-To-Myofibroblast-Like Cell Transformation and
Vascular Degeneration, and Transplantation of New Pericytes Prevents Vascular Atrophy
Inner Ear: Damage & Protection
Zhiqiang Hou1, Lingling Neng1, Jinhui Zhang1, Jing Cai1, Xiaohan Wang1, Yunpei Zhang*1, Lopez IA2,
Xiaorui Shi1
1
Oregon Health & Science University, 2David Geffen School of Medicine at UCLA
Background
Acoustic trauma disrupts cochlear blood flow and damages sensory hair cells. Damage and regression of
capillaries after acoustic trauma have long been observed, but the mechanism underlying the pathology has
not been understood.
Methods
Male C57BL/6J mice (aged ~ 6 weeks) and NG2DsRedBAC transgenic mice were placed in wire mesh cages
and exposed to broadband noise at 120 dB sound pressure level in a sound exposure booth for 3 hours for 2
continuous days to produce permanent loss of cochlear sensitivity. In vivo PC transplantation was performed
through local semicircular canal injection. To investigate the functional impact of transformed PCs on the
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formation of capillary-like networks and the expression of matrix proteins, we established a new 3D cellbased endothelial cell (EC) and PC co-culture model in vitro. Multiple research approaches were used in this
study including Intravital Fluorescence Microscopy, Immunocytochemical Staining, Transmission Electron
Microscopy, ELISA, Western blot, qRT-PCR, RT-PCR, endocochlear potential (EP) measurement with an
electrode through the scala media, and auditory brainstem response to test hearing function.
Results
In the present study we found loud sound to cause some of the PCs on strial capillaries to change phenotype
from NG2+/α-SMA- to NG2+/α-SMA+, which is strongly associated with up-regulation of TGF-beta1. In
parallel, the acoustic trauma also caused a reduction in capillary density and increased deposition of matrix
proteins, particularly at sites of transformed PCs. We also observed that transformed PCs induced thicker
capillary-like branches in ECs with increased collagen IV and laminin expression in vitro. On the contrary,
transplantation of exogenous neo-PCs isolated from postnatal day ten mice to acoustic traumatized cochleae
significantly attenuated the decreased vascular density in the stria. Furthermore, transplantation of PCs pretransfected with AAV1-VEGF-A165 under control of a hypoxia-response element markedly promoted
vascular volume, density and blood flow, increased proliferation of PCs and ECs, and greatly attenuated loud
sound-caused loss in EP and hearing loss.
Conclusions
Our results indicate that loud sound-triggered emergence of PC transformation could be one of the pathologies
contributing to capillary wall thickening and regression. Young PC transplantation effectively rehabilitates
vascular regression and improves hearing function.
SA71. Effect of Noise Exposure on Hearing Thresholds and Inner Ear Inflammation in a CochKnockout Mouse Model
Inner Ear: Damage & Protection
Dorien Verdoodt*1, Krystyna Szewczyk1, Peter Ponsaerts1, Vincent Van Rompaey1
1
University of Antwerp
Background
Hearing impairment is the most frequent sensory deficit and has a significant impact on the quality of life.
Exposure to loud noise can cause noise-induced hearing loss (NIHL) associated with damage to hair cells,
supporting cells and spiral ganglion cells in the inner ear. This NIHL can be reversible or irreversible. Several
studies have shown that type IV fibrocytes, located in the spiral ligament, degenerate first after noise exposure.
Interestingly, this is where cochlin, an ECM component of the inner ear, is prominently situated. Cochlin is
thought to play an important role in immune reactions. A recent study has shown that Coch-knockout mice
have less immune reaction after bacterial infection. After noise exposure, there are signs of inflammation and
oxidative stress in the cochlea. However, the effect of Coch-knockout on inflammation and hearing loss after
noise exposure has not been studied yet.
Methods
At the start of the experiment Coch-wildtype (n=22) and Coch-knockout mice (n=26) were randomly allocated
to a noise exposure group and a control group. First, baseline testing was performed in all mice (n=48) to
assess the vestibular and hearing function before noise exposure. After baseline testing, the noise exposure
group was exposed to 120 dB broadband noise (8000Hz-16000Hz) for 2 hours. Vestibular and auditory testing
was performed at two different time points (48 hours and 1 week) after noise exposure. At one-week postexposure, the mice were euthanized using pentobarbital (200 mg/ml) for immunohistochemical research. Inner
ear inflammation will be examined by staining with an iba-1 antibody to visualize macrophages.
Results
Both Coch-wildtype mice and Coch-knockout mice showed significant elevated ABR and DPOAE thresholds
after noise exposure. However, Coch-wildtype mice had significant greater ABR-threshold shifts than Cochknockout mice at all frequencies. DPOAE-thresholds were significantly more elevated in the Coch-wildtype
mice compared to the Coch-knockout mice at the high frequencies (21000Hz-32000Hz).
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Conclusions
Although cochlin is one of the most abundant proteins in the inner ear, its exact function remains unknown.
Due to the presence of the LCCL domain in its protein structure, it is suggested that cochlin plays a role in
our innate immune system by attracting neutrophils and monocytes. Noise exposure resulted in a significant
greater threshold shift in Coch-wildtype compared to Coch-knockout mice. A possible explanation for this
observation is that Coch-knockout mice have a reduced immune response after acoustic injury and are
therefore less affected by noise-exposure.
SA72. Alginate Coating for Cochlear Implants: Ototoxicity Tests and Long-Term Stability Using
Different Cross-Linkers
Inner Ear: Damage & Protection
Claas-Tido Peck*1, Jana Schwieger1, Thomas Lenarz1, Verena Scheper1
1
Hannover Medical School
Background
Every cochlear implantation bears the risks of traumatizing the inner ear structures. To avoid intracochlear
trauma and to optimize the cochlear implant (CI) outcome, the surgical approach, the insertion technique and
the electrode design are in the focus of research and development. An atraumatic insertion protecting the
structural integrity of soft and bony cochlear tissue may reduce the risk for inflammatory reactions and may
preserve the residual hearing. Alginate coating of the CI was shown to reduce insertion forces in vitro.
Consisting of the salts of the alginic acid and crosslinked using metal ions different grades of viscosity can be
achieved, suggesting alginate being a perfect implant coating. The aim was to investigate the inner ear
biocompatibility and stability of alginate crosslinked using either CaCl2, known for its general
biocompatibility, and BaCl2, increasing the alginate viscosity.
Methods
Cochlea whole mount explants from neonatal rats (postnatal day 3 to 4) were co-cultured with alginate beads
crosslinked with either CaCl2 or BaCl2. Neomycin was used as positive control to induce hair cell damage
and explants without any addition served as negative control. After 48 hours the explants were fixed and
stained for phalloidine and the hair cell survival was analysed microscopically. In additional experiments the
beads stability and swelling were observed by placing them into artificial perilymph and monitoring them
microscopically once a week.
Results
Neomycin treatment induced an extensive inner and outer hair cell loss. Neither CaCl2 nor BaCl2 crosslinked
alginate beads caused any damage to the hair cells (Fig. 1). Even though the same volume of alginate and
crosslinkers were used, CaCl2 crosslinked beads were initially almost double the size of barium crosslinked
beads which is due to a higher amount of medium being bound in the bead. None of the crosslinked alginate
beads had a significant volume change within 3 months being cultured in artificial perilymph. After 3 months
CaCl2 crosslinked beads dissolved very fast within one week whereas BaCl2 crosslinked alginate beads were
unchanged at that time point and are still under investigation.
Conclusions
Both crosslinkers are compatible with the inner ear sensory epithelium and ensure a stable gelation of alginate
without swelling over time, suggesting both to be promising candidates as crosslinker for alginate as coating
for cochlear implants. For coatings which need to be long term stable BaCl2 should be chosen whereas CaCl2
may be more suitable for applications where limited stability is needed.
SA73. Application of Gene Therapy to Restore Inner Ear Function in a Mouse Model of DFNB42
Inner Ear: Drug Delivery
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Kevin Isgrig*1, Hong Jun Wang1, Mhamed Grati1, Thomas Friedman1, Alexander Cartagena-Rivera2, Jean
Bennett1, Inna Belyantseva1, Wade Chien3
1
NIH\NIDCD, 2NIBIB/NIH, 3National Institute on Deafness and Other Communication Disorders (NIDCD),
National Institutes of Health, Johns Hopkins School of Medicine
Background
Hearing loss is one of the most common disabilities affecting the world’s population today. Over the past few
years, studies have shown that inner ear gene therapy is capable of improving the auditory function in several
mouse models of hereditary hearing loss. In most of these studies, the manifestations of the underlying
mutation only affect targeted regions in the cochlea (e.g. organ of Corti). In this study, we applied inner ear
gene therapy to a mouse model of DFNB42 (Ildr1w-/-), which has a mutation in Ildr1
(Ildr1Gt(D178D03)Wrst). ILDR1 is an integral part of tricellular tight junctions and is expressed in both the
organ of Corti and lateral wall. We applied two synthetic AAVs simultaneously to deliver Ildr1 to the mouse
inner ear, one targeting the organ of Corti (AAV2.7m8), and the other targeting the lateral wall (AAV8BP2).
Methods
Neonatal (P0-P5) Ildr1w-/- null mutants were used in this study. Synthetic AAV2.7m8 and AAV8BP2
carrying the cDNA of mouse Ildr1 were injected through the posterior semicircular canal. Auditory brainstem
response (ABR) testing was used to assess auditory function. Atomic force microscopy (AFM) was applied
to the lateral wall in order to assess tissue mechanical integrity. Immunohistochemistry was performed to
examine the cochlear tight junctions.
Results
Ildr1w-/- mutant mice injected with both AAV2.7m8-Ildr1 and AAV8BP2-Ildr1 showed improvement in
hearing at 2 weeks of age versus non-injected mutant animals. At 8 weeks, non-injected mice were profoundly
deaf, but mutant mice treated with AAV2.7m8-Ildr1 and AAV8BP2-Ildr1 maintained recordable ABR
thresholds. Investigation of the lateral wall by AFM revealed improvement in tissue mechanical integrity in
the combined injection group. Finally, examination of the cochlea revealed recovery of ILDR1 expression at
tricellular tight junctions.
Conclusions
Our study showed that simultaneous delivery of AAV2.7m8-Ildr1 and AAV8BP2-Ildr1 restored the
expression of ILDR1 in the tricellular tight junctions in Ildr1w-/- mutant mice. Treated mutant mice
maintained recordable thresholds at 8 weeks post injections. Furthermore, treatment of AAV2.7m8-Ildr1 and
AAV8BP2-Ildr1 resulted in increased tissue mechanical integrity of the lateral wall in the treated mutant mice
compared with non-treated mutants.
SA74. A 3D-printed Culture Chamber to Analyze the Effect of CI-Treatment Strategies on Neurite
Outgrowth of Primary Auditory Neurons
Inner Ear: Drug Delivery
Jana Schwieger*1, Anna Frisch1, Thomas Lenarz1, Verena Scheper1
1
Hannover Medical School
Background
The cochlear implant (CI) replaces functionless hair cells by electrically stimulating (ES) the remaining
neurons of the spiral ganglion. The neurons are located in the Rosenthal’s canal (RC) while the CI is placed
in the scala tympani (ST). An anatomical gap remains between electrodes and neurons. This gap has to be
considered in in vitro studies observing the effect of ES on the neurons or for experiments aiming on bridging
the gap by a guided outgrowth of the neurites. Until now, there is a lack of an in vitro-test system that enables
cultivation of spiral ganglion explants (SGE) while considering the anatomical dimensions of an implanted
inner ear. Such a system has to allow a placement of the SGE, medium supply, the observation of the cells
during cultivation, and the opportunity for a subsequent immunocytochemistry (ICC). To test treatment
strategies to optimize the CI therapy, it has to be combinable with e.g. a delivery device for factor release,
matrices for neurite growth, and an electrode array for ES.
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Methods
A neurite outgrowth chamber (NOC) was designed as Computer-aided Design (CAD-) file suitable for 3Dprinting. The design of the NOC is based on the distance between RC and electrodes inserted in the ST of
human cochleae with a fivefold increased scale to allow handling for cell seeding and medium supply. The
two main compartments (comp) of the NOC are formed by an adhesion area for the SGE (RC-comp) and an
electrode area (ST-comp). The ST-comp includes a lateral inlet for a connection with a mini-osmotic pump
for factor delivery or as inlet for a stimulating electrode array. A central channel connects both compartments,
allowing factor diffusion, electric field expansion and the implementation of growth matrices facing the SGE.
The NOC is fixed with grease liquid tight to glass coverslips enabling the observation of the cells via
microscope.
Results
The designed NOC is printable and adaptable to different issues. SGEs can be placed and cultivated on the
glass coverslips in the chamber allowing a direct observation of the effect of treatment strategies on neurite
outgrowth. It is possible to remove the glass coverslip with the attached SGE for subsequent ICC and
fluorescence microscopic analysis.
Conclusions
The NOC represents a novel in vitro-test set up for research and development of therapies applied to the ST
with effect on spiral ganglion neurons and their neurites. By taking into account the anatomical gap it opens
new insides into the effect of ES on SGE or testing of drugs and drug delivery matrices or matrices supporting
the outgrowth of regenerated neurites. A combination with mini-osmotic pumps offers the opportunity to
observe the effect of pharmacological substances for neurite outgrowth and guidance over several weeks.
SA75. Optimizing an Umbo Microphone for Fully Implantable Assistive Hearing Devices via
Analytical and Numerical Modeling
Middle & External Ear
Benjamin Cary*1, John Zhang1, Heidi Nakajima2, Elizabeth Olson3, Jeffrey Lang1
1
Massachusetts Institute of Technology, 2Harvard Medical School, 3Columbia University
Background
Current cochlear implants (CIs) are bulky, can only be worn during the day, and do not function well in noisy
environments. Implantable microphones would allow for directional and focused hearing by taking advantage
of ear mechanics, be usable in almost all environmental conditions all day, and be ergonomic. Today,
implantable microphones suffer from unstable mechanics, poor signal-to-noise ratio, and low bandwidth. Our
prototypes of piezoelectric polyvinylidene fluoride (PVDF) sensors mounted between the cochlear
promontory and umbo show promise in surmounting these problems with further development. This work
builds upon these prototypes and encompasses electrical shielding, maximizing high-bandwidth sensitivity,
and surgical viability.
Methods
Our approach combines analytical and numerical models for design guidance and verification, and bench-test
experiments for validation. Analytical modeling is driven by deriving differential equations of plate mechanics
and piezoelectricity. Numerical modeling is enabled by the COMSOL multiphysics software where we have
created simulations of the piezoelectric sensor and utilized middle ear mechanical models. Our experimental
tests involve mechanically stimulating the drum with a piezoelectric actuator which serves as an artificial
umbo. Laser Doppler Vibrometry (LDV) yields velocity information. A custom low-noise charge amplifier
we have built provides the signal conditioning required to detect the charge created by the umbo microphone.
The relationship between displacement and generated charge gives the sensitivity and bandwidth of the
microphone and is compared with analytical and numerical models.
Results
We have successfully derived a working analytical model which has been proven by finite-element modeling.
With appropriate material parameters, we find the prediction differences between the models to be less than
3%. Electromagnetic interference has been mitigated via shielding the charge amplifier and umbo microphone.
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Experimentally, the gold electrodes can delaminate, which indicates we need to selectively pattern the
electrode on the drum to maximize adhesion. The charge-amplifier we have designed minimizes noise
generated in the signal path. Our models give insight into relevant design parameters. Charge is primarily due
to the radial stretching of the PVDF which suggests a robust, clamped boundary condition must be created in
the manufacturing process. Sensitivity can be optimized by layering the PVDF into N layers tapped by N+1
electrodes yielding a gain factor of N in charge generated.
Conclusions
To make the PVDF drum prototype a practical implantable microphone, we have minimized electrical
interference, gained experience in the microphone’s behavior, and started the iterative design process. PVDFelectrode layering will be considered in future experiments to improve the signal-to-noise ratio. We will verify
our models experimentally, develop robust device fabrication methods, and define surgical implantation
methods.
SA76. Finite-Element Modelling of the Human Middle Ear Using Synchrotron-Radiation PhaseContrast Imaging
Middle & External Ear
Caleb Thompson1, Seyed Alireza Rohani*1, Sumit Agrawal1, Hanif Ladak1
1
Western University
Background
Finite-element (FE) models of the middle ear often lack accurate geometry of soft-tissue structures, in
particular suspensory ligaments, as they can be difficult to discern using conventional imaging modalities,
such as computed tomography. Histological sectioning can depict all structures, but is labor-intensive, time
consuming, and involves extensive processing that can alter tissue geometry; moreover, the process is
destructive. Synchrotron-radiation phase-contrast imaging (SR-PCI) is a non-destructive modality that has
been shown to produce excellent visualization of soft-tissue structures without the need for extensive sample
preparation. The objective of this study was to create and evaluate an FE model of the human middle ear,
derived from SR-PCI, that includes all soft-tissue structures.
Methods
In this study, images from a phase-retrieved SR-PCI scan with 9 µm isotropic voxel dimensions were used to
create an FE model of the human middle ear. The model included the suspensory ligaments, ossicular chain,
tympanic membrane, and the incudostapedial and incudomalleal joints, which could all be visualized with
high-contrast in SR-PCI scans. Solid elements were used to model all structures, and boundary conditions
were based on prior literature. Frequency domain analysis from 0.1 – 10 kHz was performed on the FE model,
and displacement plots of the umbo and stapes footplate were calculated.
Results
Frequency responses obtained from the SR-PCI based FE model agree well with models derived from
histological sectioning. However, a distinct advantage of SR-PCI, in comparison to histological sectioning, is
that the sample does not need to be prepared extensively for imaging beyond dissecting it from the temporal
bone, and additionally, SR-PCI is non-destructive.
Conclusions
These characteristics will permit rapid generation of models to investigate inter-specimen variability, while
permitting archiving of specimens.
SA77. Tensor Tympani Contraction Produces Repeatable Changes in Middle Ear Motion
Middle & External Ear
Liam Gallagher*1, Elizabeth Olson1
1
Columbia University
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Background
The middle ear efficiently transmits sound from the ear canal to the cochlea, ferrying sound waves from air to
fluid, through membrane, bone, and joint. The movements of the ossicles are complex, yet the vibrations at
the eardrum end up faithfully reproduced in the motion of the stapes at the oval window. Although linear and
broadband, the middle ear is not merely passive. The two muscles of the middle ear – the stapedius and the
tensor tympani – apply loads to the ossicles that change the way they move and modulate what the inner ear
eventually detects. The role of the stapedius is relatively well understood in the acoustic reflex, attenuating
high-energy low-frequency sounds to prevent injury to the sensitive cells of the cochlea. The role of the tensor
tympani (TT), however, is less well understood.
Methods
We investigate the role of this muscle with in vivo experiments in gerbil in which the TM is driven with Zwuis
tone complexes spanning various frequency ranges. To best mimic the natural action of the TT and the natural
state of the middle ear, we stimulate contraction of the muscle with a voltage pulse train delivered via an
electrode and seal the surgical bulla opening with bone wax. To measure the motion of various points of
interest along the ossicular chain, we use a Polytec laser interferometer.
Results
Data from the first several experiments have revealed a few interesting patterns. Contraction of the TT
produces highly repeatable and consistent changes in the motion of the umbo and the ossicles. The effect of
the muscle varies with frequency and the location measured. At frequencies below a few kHz, TT contraction
attenuates movement at the umbo by as much as an order of magnitude. Similarly, at higher frequencies, in
the range of 30 to 50 kHz, the TT produces consistent decreases in umbo motion. At some intermediate
frequencies, the muscle produces increased motion or no change at all, with this frequency-dependent structure
consistent across multiple experiments.
Conclusions
The different effect of the muscle on measured motion at various points along the middle ear conduction
pathway reflects the complexity of ossicular motion. Further experiments and modeling efforts will help
integrate these findings. By observing the effects of a physiological contraction of the muscle in an intact
middle ear, we hope to better understand the natural role of the tensor tympani in modulating middle ear
transmission and hearing.
SA78. Predicting the Clinical Performance of a Direct Acoustic Cochlear Implant
Middle & External Ear
Stefan Raufer*1, Susan Busch1, Ute A. Gamm2, Martin Grossöhmichen1, Thomas Lenarz1, Hannes Maier1
1
Hannover Medical School, 2Cochlear Germany
Background
A standard method for preclinical testing of direct acoustic cochlear implants (DACIs) does not exist to this
date. This study investigated the possibility of using a temporal bone model to predict the clinical outcome of
a DACI. The output performance of the DACI predicted from the temporal bone model was compared to data
of a clinical cohort, fitted with the same DACI.
Methods
First, the performance of the DACI was determined from experiments in fresh human cadaveric temporal
bones using intracochlear pressure measurements and round window membrane velocities (n=22). The
performance of the DACI was expressed as the sound pressure level of an equivalent sound source in free
field (equivalent sound pressure level, eqSPL). The temporal bone experiments reflected the clinical situation,
e.g. the stapes footplate was immobilized before inserting the actuator prosthesis into the cochlea through a
laser stapedotomy. Tisseel fibrin glue around the stapedotomy and implant was applied to mimic tissue growth
in patients.
Second, the performance of the DACI in patients was calculated based on audiometric data from 47 patients
implanted with the device and device specifications of the manufacturer. Only DACI patients with a fixed
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stapes footplate were included in this study. Clinical data was expressed in eqSPL and compared to temporal
bone data.
Results
The predicted eqSPL of the DACI from the temporal bone experiments ranged between 90-120 dB SPL
between 100 Hz and 10 kHz. The experimental data matched the clinical data at low and high frequencies.
However, in the mid frequency range (1-3 kHz), the temporal bone model underestimated the performance of
DACI in patients by 10-20 dB. Sealing the stapedotomy with Tisseel fibrin sealant lead to a slight increase in
the output of the DACI at low frequencies but could not account for the differences between the temporal
bone data and clinical data observed in the mid frequency range. Applying fibrin glue around the actuator and
round window to simulate scaring did not lead to systematic changes in the predicted performance of the
DACI.
Conclusions
This study investigated the potential of predicting DACI actuator performance in a temporal bone model.
Overall, the temporal bone model is a feasible method to predict the performance of a DACI, although in the
mid-frequency range, the temporal model underestimated the output of the device in patients by 10-20 dB.
SA79. Effects of Level-Specific Chirps on the Auditory Brainstem Response
Other, Auditory evoked potentials
Ron Chambers*1, Emily Buenting1, Ragnar Lindberg1, David Gooler2
1
University of Illinois, 2University of Massachusetts - Amherst
Background
Acoustic chirps are designed to sweep from low to high frequencies to compensate for cochlear travel-time
delays, thus enhancing the contribution to the ABR from the lower frequency regions and have been shown
to elicit greater amplitudes for the ABR than the click. A further improvement of the chirp is the level-specific
chirp (LS Chirp) which is designed to compensate for stimulus-level dependent differences in frequencyspecific ABR latencies (Elberling and Don, 2010), and generate the largest amplitude ABR at a given stimulus
level. The present study aimed to (1) verify that each LS Chirp produces the largest ABR amplitude at the
stimulus level for which it was designed; (2) verify that LS Chirps yield significantly larger ABR amplitudes
than a click stimulus presented at the level for which the LS Chirp was designed; and (3) evaluate the relative
contribution of the baseline-to-peak and baseline-to-trough portions of the peak-to-trough ABR amplitude to
the level-specific amplitude enhancement produced by the LS Chirp.
Methods
ABRs were recorded using LS Chirps and clicks from 17 young adult normal-hearing subjects. LS Chirps and
click stimuli were provided by Claus Elberling. ABRs were collected for each subject in response to each
chirp and the click presented monaurally with stimulus and recording parameters consistent with those used
by Elberling and colleagues. Seven stimuli (LS Chirps designed for 10, 20, 30, 40, 50, and 60 dB nHL and the
click) were each presented at six stimulus levels (10, 20, 30, 40, 50, and 60 dB nHL). The average of two
replicating ABR waveforms for each stimulus type/stimulus level condition was calculated, resulting in 42
ABRs for each subject.
Results
The mean values for the ABR IV-V/V’ peak-to-trough amplitude show that the LS Chirps for 30, 40, 50, and
60 dB nHL produced the largest amplitudes at the stimulus levels for which they were designed. Each LS
Chirp also produced a larger amplitude for its intended stimulus level than the click at the same level and
difference was statistically significant at all levels above 20 dB nHL. In addition, the data suggest that the
level-specific enhancement of IV-V/V’ peak-to-trough amplitude that characterizes each LS Chirp results
from enhancement in baseline-to-trough V’ amplitude compared to other stimulus levels and compared to the
click.
Conclusions
This is among the first studies to evaluate whether LS Chirp stimuli yield the largest peak-to-trough IV-V/V’
amplitude at the stimulus levels for which they were designed. It is the first study to show that the levelpg. 73
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specific enhancement of the peak-to-trough ABR amplitude that characterizes the LS Chirp is due to
enhancement of the baseline-to-trough V’ component.
SA80. Auditory Spatial Attention to the Front Vs. Back Hemispace
Other, Auditory Spatial Attention
Andor Bodnar*1, Jeffrey Mock1, Edward Golob1
1
The University of Texas At San Antonio
Background
A main benefit of spatial hearing is the ability to panoramically monitor the environment for unexpected
sounds. The ability to detect sources out of the visual field is a major benefit of spatial hearing, yet little is
known about the behavioral and neural properties when attending to the back hemispace. The purpose of this
study was to compare behavioral and EEG measures over a 180° range of locations as a function of attending
to the front vs. back hemispace.
Methods
Young adults (n=20) were surrounded by a speaker array (8, 45° apart), and EEG (64 channels) was recorded
during the task. Participants distinguished amplitude-modulated (AM) white noise (25 or 75 Hz, 200 ms, 80
dB SPL, 2.4 sec SOA) by pressing one of two buttons. Front and back hemispaces (180° range, 5 speakers)
were tested in separate blocks (counterbalanced). Most trials presented a sound from the midline speaker that
was the focus of attention (“standard location”, p=.84), with occasional shifts to the other 4 speakers in the
front/back hemispace (p=.04/location). Prior work shows progressively slower reaction times with distance
from the standard, and controls show this is not due to sensory differences between midline and lateral
locations. Localization accuracy was pre-tested (90±2%), and comparable among locations. Current source
density was modeled using a standard brain and focused on regions of interest in auditory cortex (1°, 2°), and
frontoparietal attention networks.
Results
Expected reaction time gradients due to slower responses to sounds farther from the standard were seen in the
front (p=.06) but were irregular in the back hemispace. Currents from the auditory cortex were greater for
contra- vs. ipsilateral sounds (p<.01). Frontal eye fields (60-100 ms) and later intraparietal sulcus (90-150
ms) had current peaks that reflected left-right locations (p<.02 and p<.001). Later peaks (160-230 ms) had
gradients centered on the standard, with the right-side stimuli having attenuated currents in back vs. front
(p’s<.01). The temporoparietal junction had early (100-150 ms) bilateral currents that were greater for front
vs. back (p<.001) and larger on the right (p<.005). Furthermore, the intraparietal sulcus had a gradient reversal
at 400-500 ms (p<.001), as in prior related work.
Conclusions
Together, the results show early stimulus location mapping in auditory cortex and dorsal attention network
areas. Bilateral attention gradients, front-back, and standard/shift differences began at ~100 ms and were
widespread over frontoparietal ROIs with somewhat different timing up to ~240 ms. None of the analyses
found back>front differences, suggesting an additive influence in frontal hemispace, such as visuospatial
information.
SA81. Ventral Cochlear Nucleus Bushy Cells Exhibit Hyperacusis-Like Neural Firing After NoiseExposure
Other, Hyperacusis and Tinnitus
David Martel*1, Susan Shore1
1
University of Michigan
Background
Psychophysical studies characterize hyperacusis as increased loudness growth over a wide frequency range,
decreased tolerance to loud sounds (Baguley, 2003; Tyler et al, 2014) and reduced behavioral response
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latencies to sounds (Lauer and Dooling, 2007). While commonly associated with hearing loss, human studies
do not show a correlation with hearing threshold, implicating the central nervous system in the generation of
hyperacusis. Hyperacusis is frequently comorbid with tinnitus, the phantom perception of sound, which has
been linked into increased central nervous system spontaneous firing. Following cochlear damage, ventral
cochlear nucleus (VCN) bushy cells (BCs) show increased spontaneous firing rates (SFR) across a wide
frequency range (Bledsoe et al, 2011), suggesting that they might also show increased sound-evoked responses
and reduced latencies to higher-intensity sounds. To test the hypothesis that BCs exhibit a neural signature of
hyperacusis, we employ noise-overexposure and single-unit electrophysiology.
Methods
Tinnitus was assessed using gap/prepulse-inhibition of the (pinna) acoustic startle (Turner et al., 2006; Berger
et al., 2013), while changes in startle amplitudes were assessed as a measure of hyperacusis (Chen et al, 2013).
Guinea pigs were then exposed to unilateral narrowband noise (Wu et al, 2016) and monitored for 8 weeks.
An additional four weeks of startle data were collected post-exposure. Guinea pigs were then anesthetized
with ketamine/xylazine and placed into a stereotaxic frame. Single-unit electrodes were stereotaxically
inserted into the VCN. BCs were identified by their receptive fields, peristimulus-time-histograms and
locations within the VCN (Winter and Palmer, 1990). Spontaneous activity, best-frequency (BF)-tone- and
broadband noise-evoked rate- and latency-intensity functions (RIFs, LIFs; 0:10:90 dBSPL, 50 ms, 5 ms
rise/fall times) were recorded simultaneously from up to 32 BCs. Synchrony was computed as peak normalized
cross-correlation coefficients from sound-evoked and spontaneous activity.
Results
BCs in noise-exposed animals showed steeper BF-tone and noise RIFs, as well as reduced and steeper LIFs
compared to non-exposed control animals, as well as reduced first spike-latency jitter, demonstrating firing
properties consistent with the psychophysical measures of hyperacusis. While BCs showed increases in SFR
and synchrony across a wide-BF range in noise-exposed animals, these increases did not correlate with
behavioral measures of tinnitus, suggesting that BCs do not contribute to tinnitus.
Conclusions
Following noise-overexposure, BCs exhibit hyperacusis-like firing patterns, but not tinnitus-like firing.
Enhanced BC RIFs are analogous to abnormal loudness growth over wide bandwidths associated with
hyperacusis.
SA82. Identification of Target Proteins Involved in Cochlear Hair Cell Damage Following Gentamicin
Ototoxicity
Other, Ototoxicity
Camron Davies*1, Jenna Bergman1, Hannah Marwede1, Crystal Li1, Jeenu Mittal1, Nia Hilton1, Sanjoy
Bhattacharya1, Rahul Mittal1, Adrien Eshraghi1
1
University of Miami Miller School of Medicine
Background
Given the non-labile, terminal differentiation of inner-ear hair cells (HCs), preserving their function is critical
since HC damage results in irreversible hearing loss. HC death is one of the primary mechanisms of hearing
loss and is implicated in various etiologies of hearing loss, including noise-induced hearing loss, presbycusis,
and drug ototoxicity. The multifaceted nature of HC death makes it critical to understand the precise
mechanisms behind HC damage. Gentamicin induced ototoxicity is one of the major causes of HC damage
and consequent sensorineural hearing loss. However, the precise molecular mechanisms and target proteins
implicated in ototoxicity are still unknown. The objective of the present study was to identify target proteins
involved in gentamicin-induced ototoxicity to better characterize the specific metabolites and proteins that
induce HC damage following ototoxic drug administration. A deeper understanding of these pathways can
inform the design and discovery of treatment modalities to prevent HC apoptosis and preserve their function.
Methods
The organ of Corti cell line, HEI-OC1, was treated with 1 mM and 3 mM gentamicin for 2, 8, 12, 16 and 24
hours. After gentamicin exposure, cells were washed and lysed. The proteins were extracted, purified,
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prepared, and run through high-performance liquid chromatography/mass spectrometry (HPLC/MS) to
identify target proteins involved in HC damage. The expression of target proteins in HEI-OC1 cells was
confirmed by confocal microscopy. In addition, the functional validation of identified proteins was performed
using biochemical assays.
Results
We identified unique proteins involved in gentamicin-induced ototoxicity. Confocal microscopy confirmed
the expression of these identified proteins in HEI-OC1 cells. Biochemical characterization showed that these
identified proteins can induce damage in HEI-OC1 cells.
Conclusions
Proteomic analysis with HPLC/MS is a novel approach to identify the effectors of HC damage following
gentamicin-induced ototoxicity. The results of the present study will provide novel therapeutic targets for
future drug development for gentamicin-induced ototoxicity.
SA83. Investigating Cochlear Aging Using Stimulus Frequency Otoacoustic Emissions & Behavioral
Thresholds
Otoacoustic Emissions
Uzma Wilson*1, Sumitrajit Dhar1
1
Northwestern University
Background
The cochlea and its sensory structures are thought to be affected by the normal aging process, that clinically
manifests itself as age-related hearing loss (ARHL). Although ARHL is typically diagnosed using behavioral
audiometry at frequencies important for speech communication (up to 8 kHz), studies suggest that ARHL may
be evident in otoacoustic emissions (OAEs) prior to behavioral thresholds, particularly at the highest
frequencies (> 8 kHz) (Dewey & Dhar, 2017; Fultz, et al, 2019; Stiepan et al, 2020). Determining the earliest
signs of ARHL using OAEs may be important for early detection, prevention, and rehabilitation with
contemporary treatments.
Stimulus frequency otoacoustic emissions (SFOAEs), evoked using a single tone, are thought to reflect the
active processes related to cochlear outer hair cell function. However, SFOAEs at high frequencies (>8 kHz)
remain largely uncharacterized across different age groups (Abdala et al, 2018). Furthermore, how SFOAEs
change as a function of age compared to behavioral measures of hearing remains unknown. Here, we test the
hypothesis that stimulus frequency otoacoustic emissions (SFOAEs) are more sensitive to early onset agerelated changes in the cochlea compared to behavioral thresholds. Therefore, we predict that the highest
measurable frequency of SFOAEs will be lower than that of behavioral thresholds, both decreasing as a
function of age.
Methods
Data were collected in normal-hearing individuals (age 7- 45 years). Behavioral thresholds were obtained
using a modified Békésy tracking method at 21 frequencies from 0.125-20 kHz (see Lee et al, 2012) and at
additional frequencies surrounding the “corner frequency” of the audiogram in 1/18-octave steps. Corner
frequency is defined here as the highest frequency after which thresholds or OAEs decline precipitously.
SFOAEs were collected in short sweeps spanning 0.375-20 kHz using probe and suppressor levels of 36 and
70 dB FPL, respectively. SFOAE residuals and noise floors were estimated using a least-squares-fit based
frequency analysis. We performed a manual corner frequency determination on both the SFOAE residuals and
1/18-octave behavioral thresholds. The corner frequency analysis was done by multiple raters, who
independently determined the audiometric and SFOAE corner frequencies for each participant using predetermined criteria while blinded about subject age.
Results
Preliminary findings suggest that the median corner frequency of SFOAEs is lower than behavioral thresholds.
Furthermore, the corner frequencies of both measures increased as a function of age. Additional metrics such
as the end frequency and slope were also extracted from the SFOAE spectra and high-resolution audiogram.
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Conclusions
SFOAEs seem to have a differential sensitivity to age-related changes than traditional measures of hearing;
however, additional data and statistical analyses are needed and are ongoing.
SA84. Level Dependent Minima in Cubic Distortion-Product Otoacoustic Emissions Due to
Distributed Nonlinear-Distortion Sources
Otoacoustic Emissions
Vaclav Vencovsky*1, Ales Vetesnik1
1
Czech Technical University in Prague
Background
Distortion-product otoacoustic emissions (DPOAEs) measured with high-intensity (>60 dB SPL) tones may
contain notches (more than 10 dB drops in amplitude). These sudden amplitude notches are probably not due
interference between nonlinear-distortion and coherent-reflection sources because the experiments which
presented the notches were conducted in mammals with negligible coherent-reflection component [e.g. Martin
et al. JASA, 134, 342-355, 2013], or in humans under the conditions which should minimize the effect of
coherent-reflection component [Johanessen and Lopez-Poveda, JASA, 124, 2149-2163, 2008]. A possible
explanation for the occurrence of such notches is destructive interference between distributed nonlineardistortion sources. It was suggested that for high-intensity tones, significant distortion components placed
basally to the best frequency place for the tones may emerge [Martin et al. JASA, 134, 342-355, 2013]. Our
simulations with nonlinear 2D cochlear model [Vencovský et al. JASA, 146, EL92-EL98, 2019] showed that
at high stimulus intensities (>60 dB SPL), the width of the primary source on the BM may be large enough
that almost all wavelets coming from the BM region mutually cancel due to slow phase changes between
adjacent wavelets.
Methods
DPOAEs were measured with swept sines in three normal-hearing subjects for frequency ratio of the stimuli
f2/f1 = 1.11 at f2 frequencies between 1 and 4 kHz. Cubic (low-side) DPOAE was extracted from the data by
least-square fitting [Long et al. JASA, 124, 1613-1626, 2008] and decomposed to nonlinear-distortion and
coherent-reflection components by time-frequency filtering method [Moleti et al. JASA, 132, 2455-2467,
2012]. Simulations were conducted with a 2D cochlear model used in [Vencovský et al. JASA, 146, EL92EL98, 2019].
Results
Measured DPOAEs revealed notches in amplitude of the nonlinear-distortion component at moderate stimulus
levels between 50 and 60 dB FPL (pressure relative to the forward traveling waves evoked by the probe). The
notches were pronounced for L1 approx. 5 dB higher than L2. This relationship between L1 and L2 seemed
to be fixed for two L2 levels of 50 and 55 dB FPL. In contrast, notches measured in mammals occurred at
constant L2 levels or constant L1 levels [Whitehead et al. JASA, 91, 1587-1607, 1992]. In the presented
experiment results, the most pronounced notches were found at the lowest f2 frequencies (<2.5 kHz). DPOAE
phase suddenly changed in the notch region in qualitative agreement with experiments [Whitehead et al.
JASA, 91, 1587-1607, 1992]. Simulated DPOAEs revealed notches for approximately same stimulus levels
as in the experiment.
Conclusions
The results indicate that under some circumstances (low f2/f1 ratios, high levels) amplitude of DPOAEs may
drop due to destructive interference between wavelets coming from the nonlinear-distortion source of
DPOAEs.
SA85. Investigating of the Direction of Suppression in Distortion Product Otoacoustic Emissions
Otoacoustic Emissions
Takumi Fuji*1, Yasuki Murakami2, Takashi Asakawa1
1
National Institute of Technology, Oshima College, 2Kyushu University
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Background
In the cochlea, suppression is a nonlinear phenomenon. It occurs when two or more pure tones of different
frequencies are simultaneously presented. Such phenomenon weakens the vibration of the sound waves.
Presently, the effect of direction on suppression is unclear. However, two types of direction of suppression
have been predicted: unilateral suppression and bilateral suppression. In unilateral suppression, when highand low-level sounds are simultaneously given as input, only the cochlear response for the low-level sound is
weakened. Conversely, in bilateral suppression, the cochlear responses for both the high- and low-level sounds
are equally weakened. Using an auditory model, calculation of the suppression direction was performed, and
it was shown that the occurrence of unilateral and bilateral suppressions depends on the sound levels. This
study investigates this phenomenon through experimentation.
Methods
In the experiment, suppression of distortion product oto-acoustic emissions (DPOAEs) was observed. A
typical experiment on DPOAEs involves the input of two frequencies, f1 and f2, and observation of sounds
generated from the cochlea at 2f1–f2. Another pair of sound was input simultaneously to observe the DPOAE.
It can be deduced that the presence of another pair of sounds leads to reduction of the DPOAE sound pressure
of each other. From this decrease, the amount of suppression can be calculated. The sound pressure of the
input pairs was measured in four different combinations using two levels: 65 and 70 dB. The suppressions
measured in the experiments were analyzed using the residual vector method. In this method, the initial point
of the vector represents the level of DPOAE when the stimulus pairs are separately presented, and the terminal
point of the vector represents the level of DPOAE when the stimulus pairs are presented simultaneously.
Results
When the level of sound pressure of both input sound pairs was equal, the amount of suppression in both pairs
was approximately at equal levels. Analysis of the residual vector revealed bilateral suppression at an angle
of about 45° on the horizontal axis. The DPOAEs obtained from the pairs at a small input level were reduced
when the input levels for each pair were different. The difference vector analysis revealed a change of about
20° from 45°.
Conclusions
When the levels of sound pressure of the two pairs of input DPOAEs were equal, they exhibited bilateral
suppression. However, when there was even a small difference in the level of sound pressure between the two
pairs of DPOAEs, the suppression characteristic was unilateral.
SA86. Audio-Motor Closed-Loop Training of Pitch Fusion for Cochlear Implant Recipients With
Acoustic Residual Hearing: Theoretical Validity and Efficacy
Plasticity, Learning, & Adaptation to Hearing Impairment
Adam Schwalje1, Sungyoung Kim2, Ben Jordan2, Ellen Scarborough3, Eun Kyung Jeon3, Inyong Choi*3
1
University of Iowa Hospitals and Clinics, 2Rochester Institute of Technology, 3University of Iowa
Background
Pitch provides a critical cue for separating a target speaker from background noise. The duplex theory of pitch
perception claims that a complex pitch relies on both place-based mechanisms (from resolved harmonics) and
temporal envelope encoding (from high-frequency unresolved harmonics). In cochlear implant (CI) recipients
with acoustic residual hearing, low-frequency acoustic hearing should provide pitch from resolved harmonics
while high-frequency electric hearing should provide temporal envelope pitch from unresolved harmonics.
Our previous study found that how well such two classes of pitch can be fused predicts speech-in-noise
performance in CI users with acoustic residual hearing. Further, we have found an EEG evidence that a robust
neural encoding of pitch fusion occurs even in CI users who could not perform the pitch fusion task, which
implies that the pitch fusion ability may not just rely on the neural encoding but also rely on cognitive access
to the neural information.
Methods
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Here, we developed an audio-motor closed-loop training paradigm that aims to improve CI recipients’
acoustic-electric pitch fusion ability by providing an opportunity to “learn” how to access the complex pitch
information. On any web browser, trainees move their mouse (or finger if they use a touch screen device) on
the screen. The mouse position (i.e., two-dimensional cartesian coordinates) determine two fundamental
frequencies: One for low-frequency resolved harmonics and the other “missing” fundamental for highfrequency unresolved harmonics. Listeners’ task is, while they receive real-time auditory feedbacks, to find a
line by clicking two points on the screen on which two fundamental frequencies match.
Results
This web-based training paradigm has been successfully implemented and its usability has been tested by both
CI recipients and normal hearing controls.
Conclusions
Ongoing data collection is aimed at tracking potential further changes of the performance in pitch fusion task
and relating the pitch-fusion performance with outcomes in clinical speech-in-noise tests.
SA87. Targeting Basal Forebrain: Cholinergic Activation Improves Auditory Perceptual Learning
Plasticity, Learning, & Adaptation to Hearing Impairment
Angela Zhu*1, Erin Glennon1, James Tranos1, Zakia Youss1, Mario Svirsky1, Youssef Z. Wadghiri1, Robert
Froemke1
1
New York University School of Medicine
Background
Learning the behavioral meaning of sounds can be enhanced by cortical neuromodulation. Acetylcholine is
known to strengthen the responses of auditory cortex neurons to perceived auditory stimuli through projections
from the basal forebrain. Here, we show the effect of optogenetic basal forebrain stimulation pairing to a target
tone, and its effect on the rate of correct responses to a change in reward contingency.
Methods
To test behavior, normal-hearing transgenic rats expressing Cre recombinase in ChAT+ cells were trained on
an auditory detection and recognition task, rewarded to self-initiate trials to respond to a 4kHz target tone and
not to 6 foil tones (0.5-32kHz at one octave intervals). When animals reached over 80% hit rate and less than
40% false positive rate, pAAV5-EF1a-DIO-ChETA was injected and an optical fiber was implanted in the
basal forebrain. Animals were re-trained to baseline performance. The rewarded tone was then switched to
16kHz. Prior to testing reversal behavior, animals undergo optogenetic pairing of a 16kHz target tone with
simultaneous basal forebrain stimulation using 10 Hz pulsed blue light. Fiber placement within the correct
location was confirmed in vivo retrospectively using micro-Computed Tomography (µ-CT) in order to map
the probe in three dimensions within the intracranial space. The dataset was co-registered to a brain MRI atlas
from the same rat strain using the commercial software Amira (Thermo Fisher Sci., Berlin, Germany) in order
to localize anatomically the tip of the fiber. The precise implantation of the latter was also verified
subsequently by histology.

Results
Animals were conditioned to nose-poke for food reward to target tones of 4kHz and withhold to foil tones.
Animals reached baseline performance after 2-3 weeks of training (d’>1.5). The sham group had animals
either injected with pAAV5-EF1a-DIO-ChETA and inaccurate optical fiber placement away from cholinergic
basal forebrain, or injection with pAAV5-DIO-Ef1a-eYFP and accurate fiber implantation. We observed three
epochs of auditory learning. Immediately after target tone reversal to 16kHz, animals perseverated, responding
heavily to the original 4kHz tone. Animals then entered an exploration period, responding to all tones. During
reversal, animals correctly perform the task to the new target tone. We observed that animals undergoing
optogenetic BF pairing had faster reversal learning than animals with either a sham injection or an inaccurately
targeted optical fiber, seen by decreased time in the perseveration and exploration epochs.
Conclusions
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Basal forebrain stimulation was linked to accelerated progression through different behavioral epochs.
However, the effect of cholinergic pairing was more modest than the effect of noradrenergic pairing on
auditory perceptual learning.
SA88. Transient Developmental Hearing Loss After the Critical Period Impairs Cortical Encoding
Plasticity, Learning, & Adaptation to Hearing Impairment
Kelsey Anbuhl*1, Justin Yao2, Dan Sanes2
1
Center for Neural Science, New York University, 2New York University
Background
Experimental studies of developmental hearing loss (HL) typically focus on a critical period during which
sensory deprivation can permanently disrupt neural function. However, childhood HL often emerges after
birth and progresses through adolescence, leading to significant perceptual deficits. This suggests that the
auditory CNS remains vulnerable to HL after a critical period has ended, implicating HL duration as a key
independent variable.
Methods
To examine the effect of prolonged transient HL after the auditory cortex (AC) critical period closes at P18
(Mowery et al., 2015; Caras & Sanes, 2015), we earplugged gerbils transiently, from P23 through adolescence
(P102). After earplug removal, animals were trained and tested psychometrically on a Go/Nogo amplitude
modulation (AM) detection task. AM depth detection thresholds were initially measured 3 weeks after earplug
removal (Hearing Loss group, HL; n=14) and compared to sham-treated littermates (Control, Ctl; n=12). We
then implanted chronic 64 channel silicone electrode arrays in AC, and obtained wireless recordings from a
subset of these gerbils as they performed the task (Ctl: n=6; HL: n=8). AM-evoked firing rates, vector strength,
and neural d’ were computed for individual cortical neurons and used to calculate neurometric functions. To
assess population-level encoding, we implemented linear classifiers using support vector machines (SVM),
and compared neural detection thresholds to behavioral performance.
Results
HL-reared animals displayed significantly poorer AM detection thresholds on the first day of psychometric
testing, and this deficit persisted through 10 consecutive testing days (initial: HL: -8 dB; Ctl: -11 dB re: 100%
AM; final: HL: -13 dB; Ctl: -16 dB re: 100% AM). An analysis of covariance (ANCOVA) revealed the effect
of HL alone to be highly significant (p<0.0001). Neural sensitivity from single- and multi-units were also
found to be ~3 dB poorer (re: 100% AM) in HL-reared animals, which correlated with the magnitude of the
observed perceptual deficit. At the population-level, auditory cortical neurons from HL-reared animals
displayed poorer AM detection thresholds (HL: -12 dB; Ctl: -18 dB re: 100%), and the values were closely
associated with psychometric performance.
Conclusions
Taken together, these results reveal that transient HL, beginning after the AC critical period closes and
extending through adolescence, continues to induce significant AC encoding deficits that can explain longterm perceptual limitations.

SA89. Rapid Perceptual Learning, Speech Perception and Hearing Aids in Age-Related Hearing Loss
Plasticity, Learning, & Adaptation to Hearing Impairment
Liat Shechter-Shvartzman*1, Limor Lavie1, Karen Banai1
1
University of Haifa
Background
Hearing aids are the first line of rehabilitation for older adults with age-related hearing loss (ARHL), but they
do not always mitigate the listening difficulties experienced by users under adverse conditions (e.g., noisy
conversations and fast-talking people). Different sensory and cognitive factors were suggested to predict
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potential hearing-aid benefit. We now ask whether declines in rapid perceptual learning are among the factors
contributing to the effects of hearing-aid use on speech perception in adverse listening conditions in addition
to previously recognized sensory and cognitive factors.
Methods
42 older adults with ARHL (Mean age = 81), 21 of them experienced hearing aid users, have participated in
the study thus far. Rapid perceptual learning of time-compressed speech (TCS) was assessed using 10 simple
sentences in Hebrew that were time compressed to a rate suitable for individual hearing thresholds. Hearing,
cognition (i.e., vocabulary, working memory and selective attention), and the perception of 20 natural-fast
speech (NFS) sentences, 20 speech in noise (SIN) sentences and 25 pairs of words in dichotic listening (DL)
were also assessed. Auditory stimuli were presented at the most comfortable level (MCL) for each participant.
Results
Participants rapidly improved in their recognition of TCS over the course of 10 sentences but learning rates
did not differ significantly between experienced hearing aid users and non-users. Rapid perceptual learning of
TCS was positively correlated with NFS (r = 0.65) and SIN (r = 0.55), and negatively associated with hearing
(r = -0.49). NFS perception was modelled with hearing levels, baseline recognition of TCS, vocabulary,
memory, attention, and the use of hearing aids as predictors. Baseline recognition of TCS (odds ratio (OR) =
1.03), rapid learning (OR = 1.05), vocabulary (OR = 1.02) and hearing (OR = 0.92) and the use of hearing
aids (OR = 1.65) were all significant predictors with a large negative effect of hearing and a large positive
effect of hearing-aids use. In a similar prediction model for SIN, baseline recognition of TCS and hearing
were the only significant predictors (OR = 1.03 and OR = 0.91, respectively).
Conclusions
Findings suggest that in conjunction with other variables, declines in rapid perceptual learning may positively
contribute to the perception of fast speech in older adults with ARHL, regardless of hearing aids use. In
addition, hearing aids positively contribute to the perception of fast speech, even after accounting for audibility
and pre-leaning perception of TCS.
SA90. Effect of the Vibrator Placement on Perception of Bone-Conducted Sound During Earplugging:
Comparison of Monosyllable Articulation
Psychoacoustics
Taishi Shinobu*1, Sho Otsuka2, Seiji Nakagawa2
1
Graduate School of Science and Engineering, Chiba University, 2Center for Frontier Medical Engineering,
Chiba University
Background
Workers sometimes need to wear earplugs under strong noises. However, earplugs usually inhibit speech
communication and listening to environment sounds. Meanwhile, bone-conducted sound can be heard easily
even during earplugging. Therefore, developments of noise-robust communication aids using bone conduction
are anticipated. In typical bone conduction, vibrators are pressed onto the mastoid or condyle processes using
steel headbands; however, it often brings pain and beauty problems. Further, the vibrator easily moves from
the optimal location. These problems can be solved by building the vibrators into working headgears such as
helmets. Bone-conducted sound can be heard even from the scalp locations, like the vertex, frontal or occipital
regions. Some studies have been conducted on the hearing threshold of bone-conducted sound presented to
the scalp; however, none of them focused on the speech articulation of bone-conducted sound presented on
the several scalp placements. In this study, the monosyllable articulation test was performed to investigate the
perception characteristics of bone-conducted speech under strong noises with earplugging.
Methods
Seven normal-hearing subjects (7 males, 21-26 years) with earplugging participated in the experiment. The
bone-conduction vibrator (B71, RadioEar) was placed on five locations (the ipsilateral mastoid and condyle,
Fpz, Cz, and Oz; the latter three were decided by the international 10-20 system used in EEG). A loudspeaker
(8010AP-1, GENELEC), which exposed the white noise (LAeq = 85 dB), was placed 1.0 m in front of the
subject. Before the mono-syllable intelligibility test, the threshold for 1-kHz tone, which had the equal energy
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per unit time as the speech stimulus, was measured. The articulation test was performed using 100
monosyllables uttered by a female, recorded in the Japanese speech database (FW03, NTT-AT). The level of
the speech stimuli were set to 40 dB SL according to the threshold measured in advance in each subject. Oneway analysis of variance (ANOVA) was performed on the obtained percent-correct scores to make comparison
among each vibrator placement. Further, the confusion in monosyllable perception were analyzed at each
placement.
Results
In the monosyllable articulation test, although it was not significant, the Oz showed the highest score among
the all placements including the mastoid, which has been adopted as the placement of existing bone conduction
devices. The condyle, which has also been adopted recently, showed the lowest score among the all
placements.
These results indicated that temporal- and frequency-information was transmitted accurately even from the
scalp placements.
Conclusions
In the monosyllable articulation test, the scores of the scalp placements were higher than that of the condyle.
The results obtained suggested that some locations on the scalp have practicability as the vibrator placement
of bone-conduction.
SA91. To What Extent Do Visual- and Auditory-Targeting Saccades Share Common Mechanisms?
Psychoacoustics
Shimpei Yamagishi*1, Shigeto Furukawa1
1
NTT Communication Science Laboratories

Background
Orientation of attention towards an object of interest by humans and animals can often be observed as rapid
movements of their head, eyes, and/or pinna. Particularly, the saccade, the rapid eye movement towards a
target stimulus, has been examined extensively to elucidate mechanisms of attention. Recent accumulating
evidence has shown that saccade behavior reflects not only stimulus-related factors, e.g., the intensity of
sensory stimuli (saliency), but also internal factors such as the arousal state and neural baseline activity.
However, it is as yet unclear the extent to which the mechanisms underlying the saccade behavior are modality
specific. To what extent do saccades towards auditory targets share common mechanisms with those towards
visual targets? his study examined whether the effects of the stimulus-related factors and arousal state (one of
the internal factors) on saccadic reaction time (SRT) show common properties between visual-targeting and
auditory-targeting saccades. The pre-saccade pupil size was measured as an index of trial-by-trial variation of
the arousal state, since it is considered to reflect the change in locus-coeruleus (LC) activity during a cognitive
task.
Methods
The participant’s task was to make a saccade towards a visual or auditory stimulus (a flash on a monitor or
white noise through a loudspeaker, respectively) presented on the left or right of the preceding central fixation
point. There were two separate blocks of trials that differed in whether the saccadic target was a visual or
auditory stimulus (referred to as visual-target and auditory-target tasks, respectively). Within each block,
visual and auditory stimuli were simultaneously presented on the same side (left or right side) in half of the
trials (“congruent” trials) and on different sides in the other half (“incongruent”). The intensity (or saliency)
of the visual or the auditory stimulus was also randomly varied between two levels across trials for each
modality. Luminance levels of weak and strong visual stimuli were 2.58 and 93.58 cd/m2, respectively. Aweighted sound pressure levels of the auditory stimuli were 40 and 60 dB, respectively.
Results
The results indicate that (1) the effect of stimulus saliency on SRT was significant for the visual-target task
but not for the auditory-target task; (2) the SRT in the visual-target task was significantly affected by the
pg. 82

The Association for Research in Otolaryngology (ARO)
The 44th Annual MidWinter Meeting
Saturday, February 20, 2021, U.S. Eastern Time Zone

congruency to the auditory (non-target) stimulus only for the low-luminance visual target,; (3) there was a
correlation between pre-saccade absolute pupil size and SRT for the visual-target task but not for the auditorytarget task; and (4) pre-saccade pupil velocity (first-order derivative of pupil size) was larger for the visualtarget task than for the auditory-target task, suggesting that the arousal states differed between target
modalities.
Conclusions
These results imply that different threshold mechanisms for saccade initiation may be involved in visualtargeting and auditory-targeting saccades.
SA92. Open Board
SA93. Segregation From Background Noise as Outlier Detection
Psychoacoustics
Jarrod Hicks*1, Josh McDermott1
1
MIT
Background
Sound events often occur in background noise, and the auditory system must segregate such events from noise
in order to make sense of the everyday acoustic environment. We explored whether listeners might identify
foreground sound events by estimating distributions over environmental background sounds and registering
outliers of these distributions as new events. We additionally explored what effect the variability of the
background might have on performance, hypothesizing that more data might be required to accurately estimate
the distributions of less homogenous backgrounds (as measured by variability in their statistics over time).
Methods
Listeners detected brief (0.5 s) foreground sounds embedded in real-world background noise (3 s excerpts of
sound textures). We varied the temporal position of the foreground sound within the background. Critically,
learning the background distribution in an online manner requires accumulating enough data samples to
adequately estimate the distribution parameters. Thus, we predicted that foreground detection performance
should increase with exposure to the background (i.e., for later temporal positions of the foreground). To
quantitatively compare the results to the predictions of our hypothesis, we built a signal-computable model of
outlier detection that evaluates the likelihood of incoming samples of sound under a distribution whose
parameters are estimated from past samples.
Results
Consistent with the outlier detection hypothesis, human detection performance improved over the first second
of the background. In addition, detection performance peaked later when background sounds were more
variable. Finally, the outlier detection model qualitatively replicated the pattern of human behavioral
performance.
Conclusions
The behavioral and modeling results are consistent with the idea that listeners estimate the distribution of
ongoing background noise and segregate sound events that are outliers from this distribution.
SA94. Cuing Effects for Modulation Informational Masking
Psychoacoustics
Christopher Conroy*1, Gerald Kidd Jr.1
1
Boston University
Background
The detectability of target sinusoidal amplitude modulation (SAM) can be reduced if masker SAM of a similar
rate is present in the same carrier region, presumably reflecting limitations imposed by relatively “peripheral,”
rate-selective mechanisms. This reduction can be made much worse, however, if the masker rate is uncertain,
presumably reflecting limitations imposed by more central mechanisms. In this study, we examined the
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effectiveness of a pretrial acoustic cue to either the target or masker rate in reducing this “modulation
informational masking.” We hypothesized that both cue types would be effective in reducing the effects of
masker rate uncertainty, and therefore in reducing modulation informational masking.
Methods
A single-interval, two-alternative forced-choice (yes-no) procedure was used. The task was to detect the
presence or absence of 32-Hz target SAM imposed on a 500-ms broadband noise carrier. Masker SAM also
was imposed on the same noise carrier. Masker rate uncertainty was created by randomly selecting the rate of
the masker SAM on each trial from a wide range (4- to 256-Hz, excluding a relatively narrow “protected zone”
centered on the target). Target modulation detection performance was measured at two target depths in three
conditions. In the baseline condition, no cue was present. In the target cue condition, a cue to target rate
preceded each yes-no trial interval. In the masker cue condition, a cue to masker rate did the same. With
respect to the two cue conditions, the cue interval was 500-ms in duration, had an offset that preceded the
onset of the trial interval by 500-ms, and employed a stimulus that was matched to the trial interval in all
relevant respects. That is, in the target cue condition, the depth and phase of the target were the same in the
cue interval as in the trial interval, as was the carrier. In the masker cue condition, the masker, its depth, its
phase, and the carrier all were the same in both the cue and trial intervals. Cue effectiveness was defined as
the difference in sensitivity d’ between the cue and no cue conditions.
Results
In general, a pretrial cue to target rate was ineffective in reducing modulation informational masking, contrary
to our initial expectations. A masker cue, by contrast, yielded a significant improvement in d’.
Conclusions
One interpretation of the results is that the cue to masker rate reduced masker rate uncertainty, and
consequently, reduced modulation informational masking. An alternative interpretation, however, is that
adaptation of the masker modulation played a role. These and other interpretations, as well as the relation of
this work to current theory on informational masking, will be discussed.
SA95. Prediction of Speech Intelligibility From Continuous Speech-Evoked Cortical Auditory
Responses Using a Deep Neural Network
Psychoacoustics
Youngmin Na*1, Jihwan Woo1
1
University of Ulsan
Background
Understanding speech sentences is vital for effective communication. Speech intelligibility (SI) is typically
measured to evaluate how listeners can comprehend the sentences. Previous studies have reported
discrepancies in the direct measurement of SI; the scoring method is significantly affected by the task difficulty
and subject conditions. Recently, changes in electroencephalography (EEG) signals in response to word or
tone stimuli have been used to evaluate the auditory function quantitatively. In this study, we have developed
a deep neural network to predict SI using continuous speech-evoked cortical auditory responses measured
using EEG.
Methods
EEG signals were recorded using a 64-channel EEG system from forty-nine native subjects with no evident
hearing problems. Participants listened to ten common Korean sentences and their corresponding vocoded
sentences in the passive listening mode. We used spectrally degraded (2-, 4-, and 8-channel noise-vocoded)
sentences to mimic degraded SI, and each sentence was repeated a hundred times. The Korean sentence
recognition test was randomly conducted four times with natural, 2-, 4-, and 8-channel noise-vocoded
sentences to obtain an SI score before measuring EEG signals. A deep neural network, consisting of
convolutional network layers, trained using event-related potentials (ERPs) was used to predict the scores.
The ERPs were augmented with Gaussian noise to increase the number of ERPs, thus, rectifying the class
imbalance problem.
Results
pg. 84

The Association for Research in Otolaryngology (ARO)
The 44th Annual MidWinter Meeting
Saturday, February 20, 2021, U.S. Eastern Time Zone

The SI was evaluated in the Korean sentence recognition test using 41 discrete SI scores, defined at every
2.5% between 0 to 100%. The SI scores of natural, 2-, 4-, and 8-channel noise-vocoded sentences were
recorded for 32 of 41 levels. For each score, the number of ERPs available for training after Gaussian noise
augmentation is 8,000. During the first two training epochs, the training loss rapidly decreased to below 0.35
and remained saturated thereafter. The final training and validation losses were 0.3143 and 0.2787,
respectively. The proposed model showed a good fit for the training data with no overfitting problem. The
model classified the test data with 97.02% accuracy.
Conclusions
We developed a deep neural network to predict SI scores quantitatively using continuous speech-evoked
auditory ERPs. Our results demonstrate a direct correlation between the ERPs and SI scores. However, to
improve model coverage in the future, we intend to collect missing SI scores.
Supported by grants from the National Research Foundation of Korea (NRF-2020R1A2C2003319)
SA96. Listeners Attend to Sound Duration but Not Temporal Structure Near Threshold
Psychoacoustics
Beverly A. Wright*1, Huanping Dai2
1
Northwestern University, 2University of Arizona
Background
When trying to detect an auditory signal in noise, to what aspects of the signal do listeners attend? When the
signal is expected, listeners appear to attend to its frequency, duration, and starting time. Here we asked
whether listeners also attend to the signal’s temporal structure. That is, for a given signal duration, do listeners
attend uniformly over the duration of the listening window or do they allocate their attention according to how
signal energy is distributed in time during that window?
Methods
To address this question, we measured the detectability of 1-kHz tones with unexpected temporal structures,
total durations, or both. The expected signal (presented on the majority of trials) was a 300-ms steady-state
tone in one condition and a 300-ms pulse train in another condition. In both conditions, the multiple
unexpected signals (presented on only a few trials) were all pulse trains of various total durations equal to or
shorter than the expected total duration. Each signal was presented at a level at which it could be detected on
~86% of trials when it was the sole, and therefore expected, signal. If listeners attend to the total signal
duration, detection performance should be poorer for signals with unexpected than with expected durations.
If listeners also attend to the temporal structure of the signal, detection performance should be poorer for
signals with unexpected than with expected temporal structures, for any given total duration. We also
compared the results to the predictions of two prominent computational models. According to the multiplelook model, observers take a series of brief samples of the input, denoted ‘looks,’ and weight the information
in those samples based on the total duration and temporal structure of the expected signal. In contrast, the
matched-window energy-detector model holds that observers integrate stimulus energy continuously within a
time window matched to the total duration of the expected signal, regardless of the signal’s temporal structure.
Results
Detection performance (n=6) was poorer for sounds with unexpected than with expected total durations but
was uninfluenced by the temporal structure of the expected sound. The outcomes were consistent with the
computational predictions of the matched-window energy-detector model, but not with those of the multiplelook model. Additionally, we determined that the matched-window energy-detector model can account for
previous results, including some that were originally interpreted as supporting the multiple-look model over
various versions of the energy-detector model.
Conclusions
In sum, listeners appear to attend to the total duration, but not the temporal structure, of signals that they are
trying to detect.
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SA97. A Single Amino Acid Change in Atoh1 Enhances Regeneration of Murine Hair Cells
Regeneration
Kohsuke Tani*1, Dunia Abdul-Aziz1, Yenfu Cheng1, Robyn Hao Chiang1, Judith Kempfle1, Albert S. B. Edge1
1
Massachusetts Eye and Ear
Background
Cochlear hair cells detect sound and transduce the acoustic information into an electrical signal for
transmission to the brain. Loss of mammalian cochlear hair cells is irreversible and results in sensorineural
hearing loss. We have identified a subset of cochlear supporting cells as progenitors for hair cells.
Overexpression of Atoh1, a bHLH transcription factor required for the development of cochlear hair cells,
initiates differentiation of the progenitor cells to hair cells. Atoh1 expression was stimulated by overexpression
of Sox2, but the increased level of mRNA was not proportional to the increase in Atoh1 protein. Previous
studies had identified Ser 334 as a key residue in determining the half-life of Atoh1 due to proteasomal
degradation initiated by ubiquitin E3 ligase, Huwe1. We therefore evaluated whether these effects of Sox2 on
Atoh1 were caused by disparate transcriptional and posttranslational functions of Sox2 in the regulation of
Atoh1 level.
Methods
Wild-type Atoh1, S334A mutant Atoh1, and Sox2 were overexpressed in HEK293T cells or Lgr5-positive
cochlear organoids made from postnatal day 2-4 (P2-P4) Atoh1-nGFP mice. Embryos from conditional Sox2
knockout mice were evaluated at E21. The cochlea from a conditional Atoh1 S334A overexpressing mouse at
P3 was evaluated after 72 h of ex vivo culture. Atoh1 mRNA and protein levels were evaluated by qRT-PCR,
immunohistochemistry, and Western blotting. Interactions of Sox2 with coding and regulatory regions of
Atoh1 and Huwe1 were evaluated by chromatin immunoprecipitation.
Results
Sox2 upregulated E3 ligase, Huwe1, thereby decreasing the level of Atoh1 in the progenitor cells; Sox2
activated Atoh1 by binding to an Atoh1 enhancer, while also upregulating Huwe1 and initiating proteasomal
degradation of Atoh1. By upregulating Atoh1 transcriptionally and destabilizing Atoh1 protein by
proteasome-mediated degradation, Sox2 terminated a positive feedback loop that controls Atoh1 expression.
Stabilized Atoh1 induced in an inner ear organoid model, derived from murine neonatal Lgr5-positive cochlear
progenitors, increased the expression of Atoh1 downstream targets and resulted in the generation of hair cells
from supporting cells.
Conclusions
Our data indicate that modification of posttranslational regulation of Atoh1, by triggering regeneration in the
cochlea could represent a new treatment for sensorineural hearing loss.
SA98. Otic Neural and Hair Cells Differentiated From Isolated Lgr5-Positive Cells From Neonatal
Mouse Cochlea Using MACS
Regeneration
Nataniel Carpena1, So-Young Chang1, Jae-Hun Lee1, Ji-Eun Choi1, Jae Yun Jung1, Min Young Lee*1
1
Dankook University Hospital
Background
Hearing loss occurs when hair cells and nerves in the inner ear are damaged. Stem cell studies have found that
the leucine-rich repeat containing G-protein-coupled receptor 5 (Lgr5)-positive epithelial cells are capable of
self-renewal and differentiation in vitro. These small population of Lgr5-positive cells were also found to be
expressed in cochlea and have the ability to divide and potency to act as progenitors of the cochlear epithelium
in response to Wnt signaling. In this study, we attempted the isolation of Lgr5+ progenitor cells for expansion
and differentiation to neural and hair cells.
Methods
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Cochleae sensory epithelia were harvested from neonatal mice. The cells were dissociated and labeled with
anti-Lgr5 magnetic microbeads and isolated via magnetic assisted cell sorting (MACS). Lgr5-positive cells
were expanded and passaged. Spheroid colonies were collected and induced to differentiate via stimulation of
Wnt signaling by a GSK3β inhibitor. Organoids were observed until 21 days and sampled for
immunoflourescence and RNA sequencing analyses.
Results
A subset of the cochlear epithelium that are Lgr5-positive cells were isolated and enriched using MACS with
high purity. The sorted cells were able to expand and passaged although with decreased pluripotency over
time. The sorted Lgr5-positve cells also formed spheroids using a Matrigel-based 3D culture system. The
isolated spheroids were able to differentiate and identification using immunostained images as well as
sequencing profiles showed the generation of putative neural and inner ear hair cells.
Conclusions
The isolation of Lgr5-positive progenitor cells and subsequent differentiation into neuronal and hair cells
provides an in vitro model for studying the inner ear physiology, hearing loss and inner ear regeneration.
SA99. Combinatorial Atoh1 and GFI1 Induction Enhances Hair Cell Regeneration in the Adult
Cochlea
Regeneration
Sungsu Lee1, Lisa Beyer1, Donald Swiderski2, Diane Prieskorn1, Hsin-i Jen4, Andrew Groves3, Yehoash
Raphael*1
1
University of Michigan, Kresge Hearing Research Institute, 2University of Michigan, 3Baylor College of
Medicine,
Background
Cochlear supporting cells (SCs) can spontaneously transdifferentiate into hair cells (HCs) in fish, birds and
neonatal mouse. This transdifferentiation can be enhanced by additional Atoh1 over-expression. However,
HC regeneration in adult mammalian cochlea is limited even after Atoh1 induction. Gfi1 is a transcription
factor necessary for HC differentiation and survival. It was reported to increase HC differentiation in
embryonic stem cells along with Atoh1 and Pou4f3 induction. Here we tested whether combinatorial Atoh1
and Gfi1 over-expression can enhance HC regeneration in adult mature cochleae by using Adenovirusmediated gene delivery in deafened Pou4f3-DTR mice.
Methods
Adult Pou4f3-DTR mice (Golub et al. 2012) were deafened by diphtheria toxin (DT) injection between the
ages of 5 to 10-weeks. Adenovirus carrying tdTomato reporter gene with either Atoh1 alone or Atoh1+Gfi1
was injected into the scala media at the same time as DT-induced HC-ablation. Cochleae were harvested 10
days, 4 weeks or 8 weeks after virus injection, and processed for whole-mount immunohistochemistry to
visualize tdTomato, Myosin VIIa, NF200 or Sox2. The conversion ratio of non-HC to HC was defined as
Myosin VIIa(+) cells over tdTomato(+) infected cells. We also checked the presence of HC stereocilia by
scanning electron microscopy.
Results
Efficient tdTomato expression in SCs was seen at 4 days after virus inoculation. Complete or near-complete
HC ablation were seen at 10-days after DT injection. Atoh1 over-expression induced new regenerated HCs
with a conversion ratio of 11.7 6.7%. However, co-expression of Gfi1 and Atoh1 robustly increased the
conversion ratio to 72.2 7.6%. HC regenerative potential was similar between apical and basal cochlear
turn. HC-like cells (HCLCs) showed immature stereociliary bundles and spiral ganglion neuron attachment.
Regenerated HCLC survived at least 8 weeks post-infection.
Conclusions
Adenovirus-mediated gene delivery by scala media injection showed effective and specific gene transfer to
SC in Pou4f3-DTR mice. Gfi1 significantly enhanced Atoh1-induced regeneration of new HCs. Regenerated
HCLCs exhibit neuronal connectivity, have immature stereocilia, and can survive for two months or longer.
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Therefore, combinatorial Atoh1 and Gfi1 gene transfer in SCs of the deaf ear can be a method for effective
HC regeneration in adult cochleae.
Supported by NIH-NIDCD grant R01-DC014832.
SA100. Regenerated Hair Cells in the Neonatal Cochlea Express Markers of Both Inner and Outer
Hair Cells
Regeneration
Mitchell Heuermann*1, Brandon Cox1
1
Southern Illinois University School of Medicine
Background
Previous studies have shown that the neonatal mouse cochlea has the capacity for spontaneous hair cell
regeneration after damage. These regenerated cells are of supporting cell origin; however, their degree of
terminal differentiation and whether both inner hair cells (IHC) and outer hair cells (OHC) form has not been
examined.
Methods
Prox1CreERT2 and Plp-CreERT2 mice were paired with Rosa26CAG-loxP-stop-loxP-tdTomato
(Rosa26tdTomato) reporter mice in order to fate map pillar and Dieter’s cells or inner phalangeal and border
cells, respectively. Each CreER::reporter line was then crossed with Pou4f3DTR mice to allow selective hair
cell death by injection of diphtheria toxin. CreER::reporter::Pou4f3DTR-negative mice served as controls.
Tamoxifen was administered on postnatal day (P) 0 to induce tdTomato expression, and diphtheria toxin on
P1 to induce hair cell damage. Cochlea were harvested on P7-P8. Immunostaining was performed on dissected
cochlea using the general hair cell marker, myosin 7a (myo7A), along with specific markers of IHCs and
OHCs. Oncomodulin and prestin were used as immature & mature OHC markers, respectively, and vesicular
glutamate transporter 3 (VGlut3) as a mature IHC marker. Confocal microscopy was used to quantify
tdTomato-positive hair cells along the length of the cochlea, as well as the number of tdTomato-positive hair
cells expressing oncomodulin, prestin, or VGlut3.
Results
Both CreER lines showed tdTomato-positive, myo7a-positive cells (tomato-positive hair cells) that also
stained for oncomodulin, prestin, or Vglut3. Within both the Plp-CreERT2 and Prox1CreERT2 lines, strong
Vglut3 expression was seen in a majority of tdTomato-positive hair cells. While oncomodulin expression was
also seen in a large subset of tdTomato-positive hair cells in both CreER lines, the staining was more robust
and present in a greater proportion of tdTomato-positive hair cells in the Plp-CreERT2 line compared to the
Prox1CreERT2 line. In the Plp-CreERT2 line, very few tdTomato-positive hair cells expressed prestin, and
those that did showed weak expression. A greater proportion of tdTomato-positive hair cells in the
Prox1CreERT2 line were prestin-positive, although a majority of these cells still showed weak expression.
Conclusions
These findings suggest that spontaneously regenerated hair cells differentiate toward both IHC and OHC fates
and that the supporting cell subtypes targeted by each CreER line can produce hair cells of either type. The
terminal IHC marker, VGlut3, and the immature OHC marker, oncomodulin, were present in a large number
of regenerated hair cells in both CreER lines, suggesting that regenerated hair cells may deviate from normal
developmental pathways and express makers of both differentiation pathways simultaneously. In contrast, the
mature OHC marker, prestin, showed limited and less robust expression in regenerated hair cells from both
CreER lines. Further research is necessary to determine if IHC and OHC markers are co-expressed, and to
determine if there are differences between supporting cell origin.
SA101. Objective Measurement of Tinnitus in a Patient Implanted With Intracranial Electrodes
Tinnitus
Joel Berger*1, William Sedley2, Ariane Rhone1, Matthew Howard1, Timothy Griffiths3, Brian Dlouhy3, Phillip
Gander1
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University of Iowa Hospitals and Clinics, 2Institute of Neuroscience, Newcastle University Medical School,
3
Biosciences Institute, Newcastle University
Background
The most commonly used behavioral test for tinnitus in animals is the gap pre-pulse inhibition of the acoustic
startle paradigm. This is based around idea that presenting a gap in an otherwise continuous background sound
can inhibit a subsequent response to a startling stimulus. Following an intervention such as noise exposure,
deficits in inhibition of this response are observed, which are often interpreted as the presence of tinnitus.
However, the behavioral test has a number of controversies, including a dispute as to whether deficits in this
response are evident in humans with tinnitus. Moreover, from a fundamental neuroscience basis, there is
relatively little known about the neural mechanisms underlying this response in humans. Previous data have
demonstrated that this behavioral test can be adapted to neural recordings in awake animals (Berger et al.,
2017; 2018). Here, we recorded rare data from an epilepsy patient implanted with intracranial electrodes for
the clinical purposes of localizing seizures, who also reported experiencing intermittent tinnitus.
Methods
Background frequencies were set at a broadband range that we hypothesized would not have been completely
affected by the presence of her tinnitus, as well as at frequencies around her subjectively reported tinnitus
frequency.
Results
We were successfully able to demonstrate inhibition of subsequent evoked potentials (EP), by a silent gap in
the broadband background stimulus placed just prior to the EP-inducing stimulus, in electrodes situated in
pre-motor and motor cortex (termed gap-induced reductions of evoked potentials; GIREP). Importantly, this
inhibition was not clearly evident at a background frequency similar to her tinnitus, consistent with the idea
that the presence of tinnitus interfered with GIREP for this condition. We also recorded these responses on a
day when her tinnitus was not perceptually present. On this day, GIREP was evident at all frequencies tested,
consistent with the hypothesis that the perceptual presence of tinnitus was required to observe deficits.
Conclusions
These data highlight a neural correlate of the behavioral task, potentially allow for development of an objective
test for tinnitus in humans and provide corroboration of the animal behavioral test.
SA102. Anatomical Connectivity Correlates of Tinnitus and Hearing Loss
Tinnitus
Rafay Khan*1, Sara Schmidt1, Somayeh Shahsavarani1, Yihsin Tai1, Fatima Husain1
1
University of Illinois at Urbana-Champaign
Background
The heterogeneity of the tinnitus population has made it difficult to classify sufferers based on the status of
their tinnitus, or comorbid conditions such as hearing loss. Recently, numerous studies have identified patterns
of functional connectivity, such as altered connectivity in the default mode network, that appear to differentiate
sufferers from control subjects. Here, we investigated anatomical correlates for these findings using fiber
tractography, to see if a similar pattern to that observed in functional connectivity could be identified, and also
to use anatomical connectivity to differentiate tinnitus from hearing loss.
Methods
Hearing loss was defined as hearing thresholds over 25 dbHL at any frequency between 0.25 and 8 kHz. 19
controls with normal hearing (CON-NH), 17 controls with hearing loss (CON-HL), 17 tinnitus subjects with
normal hearing (TIN-NH) and 44 tinnitus subjects with hearing loss (TIN-HL) were recruited for this study.
Participants were scanned in a 3T Siemens Prisma scanner at the University of Illinois at Urbana-Champaign,
and diffusion was measured in 59 directions.
Results
The superior temporal lobe (STL) and precuneus were used as seed regions to investigate group differences
in the auditory network and default mode network respectively. 4x1 ANOVAs revealed significant group
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differences in mean strength, clustering coefficient and local efficiency in both seeds. Post-hoc t-tests, using
Tukey’s HSD to correct for multiple comparisons, revealed that the significant findings in mean strength
(precuneus: F=3.508, p<0.05, STL: F=2.97, p<0.05) were driven by group differences between the CON-NH
and TIN-HL groups (t=3.058, p<0.01) in the precuneus and the same groups in the STL (t=2.945, p<0.01).
Clustering coefficient effects (precuneus: F=4.085, p<0.01, STL: F=2.975, p<0.05) were also shown to be
driven by the CON_NH>TIN_HL contrast (t=3.154, p<0.01) in the precuneus, and in the STL (t=3.159,
p<0.01). Finally, significant differences in local efficiency were only seen in the precuneus (F=4.066, p<0.01),
with the CON_NH>TIN_HL contrast again driving the effect (t=3.249, p<0.01).
Conclusions
Our findings have revealed anatomical correlates for observed differences in functional connectivity seen in
previous studies. They are also supported by the study of fractional anisotropy (FA) conducted in our lab,
which revealed group differences which could be attributed independently to hearing loss, tinnitus, and
hearing loss and tinnitus occurring together. While the group differences in the tinnitus-only and hearing lossonly subgroups did not reach significance after correcting for multiple comparisons, observed FA differences
between the groups indicate that this may be due to a lack of power. Overall, our results highlight the
importance of investigating anatomical changes associated with tinnitus and hearing loss, and further our
understanding of the two conditions as they occur independently, and together.
SA103. Effects of Hyperbaric Oxygen Therapy on Acute Hearing Loss and/or Associated Tinnitus
Tinnitus
Emilie Cardon*1, Laure Jacquemin2, Griet Mertens1, Hanne Vermeersch2, Iris Joossen2, Olivier M.
Vanderveken1, Vincent Van Rompaey1, Annick Gilles1
1
University of Antwerp, 2Antwerp University Hospital
Background
In the treatment of sudden sensorineural hearing loss (SNHL), beneficial effects of hyperbaric oxygen therapy
(HBOT) in addition to corticosteroid therapy have been proven, especially for those patients with severe to
profound hearing loss. HBOT may also have favorable effects for other urgent ear-nose-throat (ENT)
indications, such as acute acoustic trauma (AAT) or blast trauma. Furthermore, the treatment might ameliorate
acute tinnitus complaints, although it currently remains unclear whether this effect is mediated by
improvements in hearing levels. We performed a prospective analysis to investigate HBOT effects on hearing
levels and tinnitus severity, taking different HBOT indications into account.
Methods
ENT indications to start HBOT were as follows: (1) sudden (idiopathic) SNHL, (2) blast trauma, (3) AAT or
(4) acute tinnitus (or elevation of pre-existing tinnitus). Patients eligible for HBOT were treated with systemic
corticosteroid therapy (methylprednisolone) and were given the choice whether or not to receive concurrent
HBOT, comprising 10 sessions of 2 hours each. During each session, 100% oxygen was provided to the
patients with a pressure of 2.5 atmosphere absolute. A full ENT investigation, consisting of pure tone
audiometry (PTA) and evaluation of concurrent tinnitus severity, was performed at baseline and a follow-up
time point at 44 ± 17 days. Only patients experiencing concurrent tinnitus complaints were included for the
final analysis. Linear mixed models (LMM) were constructed in R to investigate the evolution of hearing
levels, evaluated by the Fletcher Index (FI; mean PTA thresholds at 1, 2 and 4 kHz) of the worst ear, and
tinnitus severity, as measured by the Tinnitus Functional Index (TFI).
Results
92 patients completed the follow-up assessment and were included in the data analysis. Hearing levels
improved significantly over time, with the FI of the worst ear decreasing from 26.67 ± 23.57 dB to 21.68 ±
19.71 dB from baseline to follow-up (LMM: F1,91 = 11.5, p < 0.01). Tinnitus complaints improved more
extensively over time, with TFI scores decreasing with 18.8 ± 21.3 points from baseline to follow-up (LMM:
F1,91 = 71.5, p < 0.0001). The interaction between hearing levels and time point had a borderline significant
effect on TFI scores (LMM: F1,97.79 = 3.31, p = 0.07), indicating that the improvement of hearing levels over
time could not conclusively explain the decrease of TFI scores after HBOT.
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Conclusions
In a group of patients experiencing acute ENT complaints, both hearing levels and tinnitus severity improved
after HBOT combined with corticosteroid therapy. Improvement of hearing levels was insufficient to explain
the more pronounced amelioration of tinnitus complaints over time, suggesting that effects of HBOT on
tinnitus severity are not fully mediated by its effects on hearing levels. Further research is necessary to
elucidate the effects of HBOT in these patient populations.
SA104. Tinnitus Prevalence and Disease Associates in the Dutch Population-Based Lifelines Cohort
Tinnitus
Nick Schubert*1, Judith Rosmalen1, Pim van Dijk1, Sonja Pyott1
1
University of Groningen, University Medical Center Groningen
Background
Tinnitus is a highly prevalent heterogeneous disorder that can severely impact quality of life. Better
understanding of its prevalence and disease and risk factor associations is necessary to identify underlying
(common) disease mechanisms and enhance treatment options. The aim of this study was to quantify the
prevalence of tinnitus, to identify disease associates with tinnitus, and to identify genetic risk factors for
tinnitus within the Lifelines cohort.
Methods
This study was performed in Lifelines, a multi-disciplinary prospective population-based cohort study.
Tinnitus was assessed using the question: “Do you hear ringing or whistling in your ear or ears?” Answer
options included: “never,” “sometimes” (intermittent tinnitus, IT), or “always” (continuous tinnitus, CT).
Somatic diseases were assessed by self-report questionnaires. Biomarkers were assessed by blood sampling
and standardized. Psychiatric disorders were assessed by the depression and anxiety section of the MINI
interview. Ordinal elastic-net regression analysis was performed with tinnitus (never, sometimes, always) as
dependent variables, and parameters of somatic diseases, biomarkers and psychiatric disorders as independent
variables. All parameters of the following categories were included in a single model: (1) hearing problems;
(2) cardiovascular disease; (3) metabolic disorders; (4) functional syndromes; (5) thyroid disease; (6)
inflammatory disease; and (7) psychiatric disorders. The choice of these predictors was based on a literature
review of factors associated with tinnitus. Family relations were based on pedigree data and genotype data
was obtained through Infinium Global Screening Arrays.
Results
Among 124,609 participants, n=8,011 (6.4%) reported constant tinnitus and n=31,611 (25.4%) intermittent
tinnitus. Our analysis identified 45 parameters that were associated with CT and 48 parameters that were
associated with IT. Our study identified established disease associates with tinnitus, including problems with
hearing (OR 5.60 with CT), arrythmia (1.43 with CT), transient ischemic attack (1.31 with IT), diabetes
mellitus (OR 1.04 with IT and CT) and psychiatric disorders, including major depressive disorder (OR 1.32
with CT). Factors related to lifestyle associated with tinnitus included waist-hip ratio (OR 1.10 with IT) and
smoking (OR 1.09 with IT). Novel disease associates with CT were identified for inflammatory diseases,
including Crohn’s disease (OR 1.33) and ulcerative colitis (OR 1.22), thyroid disease (as evidenced by the use
of thyroid medication) (OR 1.09), and functional somatic syndromes, including chronic fatigue syndrome (OR
1.25). Genotype data were available for 50,000 participants. Heritability and genome-wide association
analysis is still ongoing.
Conclusions
In addition to validating established disease associates in this cohort, this study identified novel associations
with tinnitus and several disease categories, including functional somatic syndromes, inflammatory diseases,
and thyroid disease. Future work will be necessary to identify common mechanisms and genetic factors that
underly tinnitus and associated disorders. Lifelines is an important new resource available for future studies
on tinnitus.
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SA105. Investigating the Effect of High-Frequency Amplification as Tinnitus Treatment
Tinnitus
Mie Joergensen*1, Petteri Hyvärinen1, Sueli Caporali2, Torsten Dau1
1
Technical University of Denmark, 2WS Audiology
Background
More than 80% of people suffering from chronic tinnitus also have a hearing loss and earlier studies have
found that the tinnitus pitch is often located within the spectral region of the hearing loss. These findings led
to the hypothesis that it may be possible to decrease tinnitus loudness by increasing the stimulation of auditory
nerve activity through amplification provided by hearing aids. The aim of this study was to investigate the
effect of high-frequency amplification for tinnitus patients with a high-frequency hearing loss.
Methods
In this longitudinal crossover study, the effect of amplification was investigated in a randomized doubleblinded trial. 18 people suffering from tinnitus with clinically normal hearing (≤ 25 dB) in the frequency range
from 125 Hz to 3 kHz and a hearing loss at high frequencies participated in the study. To assess the possible
effect of amplification, tinnitus questionnaires, visual analogue scales for loudness and annoyance, as well as
psychoacoustic measures of the tinnitus likeness and loudness were measured before and after treatment. The
study consisted of 1) an experimental condition where the participants received amplification in an extended
range of frequencies from 125 Hz to 10 kHz and 2) a control condition where the participants only received
amplification in the low frequency range from 125 Hz to 3 kHz.
Results
The results showed that high-frequency amplification led to a small averaged reduction of the perceived
tinnitus related distress and annoyance measured with questionnaires and visual analogue scales. Such
reductions were not found in the control condition. Furthermore, the psychoacoustic measures suggested that
the high-frequency amplification lowered the tinnitus loudness whereas no differences in the loudness
judgements were found in the control condition. The improvements of the tinnitus perception in the highfrequency treatment group was found for the majority of participants, but not for all.
Conclusions
These results suggest that, overall, tinnitus patients with a high-frequency hearing loss experience a decrease
in the tinnitus related distress, annoyance and loudness from high-frequency amplification. However, future
studies are necessary to investigate why only some patients benefit from the amplification while others do not
experience a benefit. Furthermore, it would be valuable to investigate if tinnitus patients would benefit more
from a more advanced hearing-aid fitting that goes beyond high-frequency amplification.
SA106. A New Behavioral Method to Detect Tinnitus in Mice
Tinnitus
Karla Rodriguez*1, Chris Claypool2, Jianxin Bao1
1
Gateway Biotechnology, Inc., 2University of Massachusetts
Background
To date, there are no FDA-approved drugs on the market to prevent or treat tinnitus despite its serious health
consequences. Current tinnitus detection methods in rodents have many limitations as screens for drug
candidates. Based on others and our previous research, this study presents a new behavioral approach, the
sound classification avoidance detection (SCAD), which incorporates both the sound-based avoidance
detection (SBAD) method developed in our lab and the sound classification method developed by Dr. Bradford
May. Our SBAD method uses a No-Go trial to detect tinnitus behavior and a Go trial to monitor possible
confounding factors (e.g. motor impairment, loss of motivation, learning/memory deficits). By incorporating
Dr. May’s method with SBAD, we hope to determine the tinnitus frequency of an animal and perform doseresponse studies to examine the efficacy of drug candidates in the treatment of tinnitus.
Methods
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C57BL/6J or F1mice (generated from a cross between C57BL/6J and CBA/CaJ mice), were trained for 15
days using an active avoidance paradigm. Mice were then split into groups for two types of tinnitus behavior:
A) simulated tinnitus and B) noised-induced tinnitus. For simulated tinnitus, a baseline test measurement was
obtained from each animal. Simulated tinnitus was performed every other day by introducing either a 16 or
20 kHz tone from a speaker outside the shuttle box during SBAD testing for three days. Noise-induced tinnitus
animals were tested for baseline for three days prior to noise exposure. Tinnitus was induced by exposing
mice with a narrow-band noise (7.8-8.2 kHz at 110 dB) for two hours. Animals were then tested 1 and 3months post exposure. Following the final SBAD testing, animals in both groups underwent tinnitus
classification for three days and generalization testing for one day.
Results
Our results showed that mice in simulated tinnitus made significant more errors during the No-Go trial
(p<0.05). In addition, our SCAD testing results showed that, when exposed to different frequencies, mice had
an increase in percent error in the frequency of the simulated tinnitus. For example, in the 16-kHz-simulated
tinnitus, mice made more significant errors at 16 kHz frequency (p<0.05). Interestingly, for the 20-kHzsimulated tinnitus, mice made significantly more errors at both 16 and 20 kHz frequency. Our noise-induced
animals tested positive for tinnitus three-months post noise exposure. Tinnitus positive animals were detected
by a significant increase in percent error in the No-Go trial (p<0.05). Interestingly, all animals showed errors
at multiple frequencies with the final generalization testing.
Conclusions
Our data suggest that our SCAD method can be a reliable way to detect tinnitus in rodent models. Comparable
to the SBAD method, the SCAD method may be able to identify tinnitus frequencies. Currently, we are
carrying out additional experiments to improve this new method.
SA107. Epidemiology of Dizziness and Balance Problems From Adolescence to Adulthood: Insights
From the National Longitudinal Study of Adolescent Health (Add Health)
Vestibular: Basic Research & Clinical
Chuan-Ming Li*1, Howard J. Hoffman1, Annie Hogan2, Jamie M. Bogle3, Helen Cohen4
1
National Institute on Deafness Other Communication Disorders, National Institutes of Health, 2School of
Audiology, College of Health Professions, Pacific University, 3 Mayo Clinic College of Medicine & Science,
4
Baylor College of Medicine

Background
Dizziness and balance problems are consequential across all age groups. Most studies have targeted older
adults, which has resulted in a relative lack of knowledge about the epidemiology of dizziness and balance
problems from adolescence to adulthood.
Methods
The National Longitudinal Study of Adolescent Health is an ongoing longitudinal study of a nationallyrepresentative, school-based sample of more than 20,000 adolescents in Grades 7–12 in the United States
starting in 1994–1995. These subjects have been followed for four more cycles, the most recent in 2016-2018
(Wave V, ages 32-42). In Wave I (n=20,745) and II (n=14,738), the question asked was “In the past 12
months, how often have you been dizzy?” In Wave V (n=12,300), the question was expanded to: “Have you
ever had a problem with dizziness, lightheadedness, feeling as if you are going to pass out or faint,
unsteadiness or imbalance?” Seven common descriptors of dizziness and imbalance were specifically
explored. Other questions asked were about frequent headaches, tinnitus, head trauma and loss of
consciousness, self-reported hearing loss, and socio-demographic variables (age, sex, and race/ethnicity). We
used multivariable logistic analyses to estimate odds ratios (OR) with 95% confidence intervals (CI) to
examine associations between report of dizziness and balance problems at Wave I, Wave II, and Wave V in
relation to sociodemographic variables and other sensory/neurologic problems.
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Results
At Wave V (mean age=37.5 years), prevalence of dizziness and balance problems was 30.6% (males, 23.1%;
females, 38.3%). Non-Hispanic (NH) white (31.9%) had increased prevalence compared with Hispanic
(29.9%), NH black (27.1%), and Asian (24.8%), p<0.004. The most prevalent dizziness and balance problem
was “light-headedness” (19.6%), followed by “unsteadiness” (19.1%), “fainting/almost fainting” (17.1%),
“vertigo” (14.3%), “floating” (11.4%), other dizziness problems (9.8%), and “ blurred vision” (8.9%). Among
respondents with dizziness and balance problems during the past 12 months, the most bothersome symptoms
were “light-headedness” (29.1%), “vertigo” (21.2%), and “fainting/almost fainting” (15.1%). In Wave I
(mean age=15.6 years), 40.4% and, in Wave II (mean age=16.2 years), 43.3% reported dizziness in the
previous 12 months. In Wave V, multivariable models adjusted for age, sex, race/ethnicity, head trauma,
headache, and tinnitus, significant associations with dizziness and imbalance were found for: female sex
(OR=2.14; 95% CI: 1.88-2.43), head trauma/concussion with loss of consciousness (OR=2.22; CI: 1.81-2.73)
or without loss of consciousness (OR=2.44; CI: 2.09-2.85), frequent headaches (OR=2.83; CI: 2.46-3.81), and
tinnitus (OR=3.17; CI: 2.64-3.81). There were no strong associations found between Wave I and Wave V
dizziness and balance problems, although frequent headaches during adolescence were associated with report
of dizziness and balance problems in Wave V.
Conclusions
Dizziness and balance problems are impactful from adolescence to adulthood. Strong correlating factors
include sex, head trauma, frequent headaches, and tinnitus.
SA108. Voltage- And Mechanically Driven Activity Recorded From Bouton Terminals of Mouse
Utricular Afferents
Vestibular: Basic Research & Clinical
Omar Lopez Ramirez*1, Antonia Gonzalez-Garrido1, Ruth Anne Eatock1
1
University of Chicago
Background
The activity of vestibular afferent neurons drives reflexes that stabilize gaze and head position. In mammals,
vestibular afferent neurons terminate on hair cells with either bouton endings on type II hair cells or calyceal
endings on type I hair cells. These terminals distribute differently in the functional zones of the sensory
epithelium. The utricular epithelium, has striolar (central) and extrastriolar (peripheral) regions with striking
anatomical and functional differences, including a difference in spike timing regularity. Most afferents make
both endings, but the striola has calyx-only terminals and the extrastriola has a small number of bouton-only
terminals. While whole-cell recordings from vestibular afferent calyces are available in some rodent species,
there have been no reported recordings from vestibular bouton terminals. Here, we report preliminary
observations on the membrane conductances and action potential properties of mammalian vestibular bouton
terminals.
Methods
We used whole-cell patch clamp to record from boutons in the in vitro semi-intact preparation of CD1 mouse
utricular epithelia (P10-21), with physiological solutions at room temperature. This preparation conserves the
hair cells, primary afferent innervation and mechanosensory pathway, allowing the study of primary afferent
synapse mechanisms. Bouton morphology was revealed by fluorescent dye from the recording pipette. Bouton
endings were tested for voltage-dependent conductances, voltage responses to current injection, and synaptic
transmission evoked by deflecting the bundles of type I and type II hair cells. We recorded from striolar (S,
4) and extrastriolar (ES, 10) boutons.
Results
Boutons had HCN and voltage-gated K (KV) channels (IKDR, KLV and A-type). Striolar boutons were larger
(3.4 ± 0.7 pF) than extrastriolar (2.1 ± 0.1 pF; p = 0.03) and, similar to calyces, had more negative resting
potentials (-74.3 ± 1.4 mV vs. -67.7 ± 1.7 mV; p = 0.04), input resistances did not differ significantly (S: 181.3
± 16.5 MΩ; ES: 255.7 ± 51.7 MΩ; p = 0.4). As with calyces, positive current steps evoked sustained firing
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in some boutons and transient firing in others. In dimorphic afferents, we demonstrate electrotonic propagation
of non-quantal calyceal responses to bouton terminals in the same afferent. We recorded both regular and
irregular spontaneous activity of bouton endings, without clear correlation with zone. In one case, we recorded
a bouton on a bouton-only extrastriolar afferent; it had relatively small capacitance (1.8 pF), high input
resistance (691.2 MΩ vs 255.7 ± 51.7 MΩ for 8 dimorphic ES boutons), small voltage-gated currents, and a
transient spiking response to injected currents with a low current threshold (40 pA).
Conclusions
These preliminary bouton data show a range of voltage-gated conductances and firing properties that have
also been described in calyceal recordings. These data will help to build a model of how information from
boutons and calyces is electrically integrated in vestibular afferent firing.
SA109. Circadian Control of the Peripheral Vestibular Organ
Vestibular: Basic Research & Clinical
Evangelia Tserga*1, Ivan Lopez2, Christopher Cederroth3, Barbara Canlon3
1
Karolinska Institutet, 2David Geffen School of Medicine at UCLA, 3Karolinska Institute
Background
The vestibular organs encoding angular and linear head motion, including gravity-related linear acceleration,
are connected and interact with the hypothalamic structures including the suprachiasmatic nucleus (SCN). The
SCN is considered as the master clock in the brain that controls circadian rhythms. Anterograde tracings from
the SCN have been shown to localize to the medial vestibular nuclei (Horowitz et al., 2004). It has been
demonstrated that the vestibular sensory organs, particularly the otolithic receptors, play a synchronizing role
in the biological rhythms of body temperature (Fuller et al., 2002). Moreover, experiments performed in
environments with altered gravity have shown an influence of the vestibular system on circadian rhythms in
rodents. Mice lacking otolithic vestibular organs are not affected by hypergravity compared to wild-type mice
(Jones and Jones, 2014). However, direct evidence of circadian regulation of the peripheral vestibular system
has not been previously demonstrated and the molecular mechanisms are not yet known.
Methods
Recordings of circadian oscillations of the PER2 protein were performed using tissues obtained from knockin PERIOD2::LUCIFERASE (PER2::LUC) transgenic mice with a C57BL/6 background. PER2::LUC male
mice aged between 2 and 4 months mice were used for immunocytochemical studies for localizing core clock
proteins and molecular experiments. Human sections were used for localizing core clock proteins. Because
lights were on at 6 a.m. and off by 6 p.m., we set 6 a.m. as the Zeitgeber time ZT 0. Handling at ZT 14–16
(darkness) was performed in red light. Immunocytochem
Results
Here we illustrate self-sustained circadian rhythms from isolated semi-circular canals, the sacculus and the
utricle from PER2::LUCIFERASE transgenic mice by using real-time bioluminescence recordings in culture.
The oscillations were stronger in the semicircular canals compared to the otolithic organs. Using antibodies
against core clock proteins strong immunoreactivity was found primarily in the hair cells and vestibular
ganglia from both mouse and human cochlear sections. Moreover, we reveal that the mRNA profile of clockrelated genes in the vestibular organ varies over 24 hours as assessed with the NanoString nCounter.
Conclusions
These findings are adding a new dimension to understanding the vestibular system since the time of the day
or the timing of drug administration is not commonly taken into account in vestibular research. Since the
vestibular system is a highly integrated sensory system involving postural reflexes, visual and somatosensory
inputs and maintenance of gaze fixation, it remains to be determined how the time of the day affects the
interactions between these different physiological functions, leading to the development of therapeutic
strategies in order to improve drug efficacy.
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SA110. Vestibular Function Predicts Balance and Fall Risk in Patients With Alzheimer’s Disease
Vestibular: Basic Research & Clinical
Kevin Biju*1, Jessica Roat1, Wesley Schoo1, Esther Oh1, Paul Rosenberg1, Yuri Agrawal1
1
Johns Hopkins University
Background
Among older adults, patients with Alzheimer’s Disease (AD) are at especially high risk for falls and serious
sequelae. The vestibular system is a known risk factor for balance impairment and falls in healthy older adults;
however, the contribution of vestibular function to balance control and falls in patients with AD is not well
known.
Methods
In this single-institution prospective study, we assessed vestibular function using a measure of semicircular
canal function (vestibulo-ocular reflex (VOR) gain) and a measure of otolith function (the cervical vestibularevoked myogenic potential (cVEMP) response), balance using quantitative posturography with eyes open and
closed, and falls incidence up to a 2-year follow-up period in 48 patients with mild-moderate AD. We
determined whether vestibular function predicted balance function and falls in the cohort. Student’s t test was
used to compare postural stability results between the cohort of patients with AD (n=48; 27M, 21F; mean age
74.9 ± 7.4) and matched healthy controls (n=44; 24M, 20F; mean age 75.6 ± 1.3) from the Baltimore
Longitudinal Study of Aging (BLSA). Multivariate linear regression was used to correlate vestibular function
and postural stability assessments. A modified Cox proportional-hazards model was used to evaluate
vestibular measures as risk factors for recurrent falls.
Results
First, we observed that relative to matched controls from the Baltimore Longitudinal Study of Aging, patients
with AD exhibited increased medio-lateral (ML) sway in both eyes-open (0.89 cm vs. 0.69 cm; p=0.033) and
eyes-closed (0.86 cm vs. 0.63 cm; p=0.042) conditions. Among patients with AD, better semicircular canal
function (VOR gain) was associated with lower ML sway; this association was statistically significant for the
eyes-closed condition (β = -1.46; p=0.028). Additionally, better cVEMP response was significantly associated
with lower sway velocity (β = -0.18; p=0.001). Finally, we observed that among patients with AD, better
semicircular canal function was significantly associated with lower likelihood of falls when adjusting for age
and gender (HR = 0.06; p=0.020).
Conclusions
Taken together, these results provide evidence that the vestibular system is an important contributor to postural
stability and fall risk in patients with AD and suggest that vestibular therapy may be effective at mitigating
fall risk in these patients.
SA111. Auditory Processing Abilities Across the Adult Lifespan Tested With a Portable Automated
Rapid Testing (PART) Battery
Aging
Frederick Gallun*1, Anna Diedesch2, Nirmal Srinivasan3, E. Sebastian Lelo de Larrea-Mancera4, Tess
Koerner5, Michelle Molis5, Eric Hoover6, David Eddins7, Aaron Seitz4
1
Oregon Health and Science University, 2Western Washington University, 3Towson University, 4University of
California, Riverside, 5VA RR&D National Center for Rehabilitative Auditory Research, 6University of
Maryland, 7University of South Florida
Background
Portable Automated Rapid Testing (PART) is a portable psychoacoustical laboratory instantiated as an
application that runs using consumer electronics. PART is designed to provide testing of a wide range of
auditory processing abilities, with a focus on those that have been shown to reveal effects of age and hearing
loss. Larrea-Mancera et al. (2020) provided a validation of this platform by obtaining thresholds on a battery
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of 10 tests on a group of 150 young normally-hearing college students using two types of headphones, both
in a quiet and noisy environment. In the present study, we combined data obtained using PART across different
studies to evaluate relationships between age, hearing loss, and auditory processing.
Methods
The test battery of Larrea-Mancera et al. (2020) was used to measure the auditory processing abilities of over
100 people across the adult lifespan in three different university settings. Tasks in the battery involved tone
detection in narrowband noise with and without a spectral notch, temporal gap detection, spectral, temporal,
and spectrotemporal modulation detection, monaural and binaural frequency modulation detection, and spatial
release from masking for speech. Pure tone threshold audiometry also was obtained. Relationships among
tests for the current data set will be compared with those found in the Larrea-Mancera et al. (2020) data set as
a method of identifying which tests are potentially testing independent auditory processing abilities. Statistical
analyses will include factor analysis and multiple linear regression as methods of attempting to understand
how performance on various subtests are related to each other and to the age and audiometric thresholds of
the participants.
Results
Preliminary results indicate abnormal performance in some of the older participants and performance in the
normal range for others. Some of that variability among listeners is associated with differences in audiometric
thresholds. Preliminary statistical analyses indicate that there is more shared variance among some tests than
among others.
Conclusions
The identification of tests on which listeners across the lifespan are most likely to vary, as well as relationships
among these tests, can be used to identify which tests are the most promising as potential additions to clinical
and research assessment protocols.
SA112. Investigation of Nedd4l, a Gene Recently Associated With Hearing Loss in the Mouse
Genetics B: General
Jamie Lee*1, Carlos Aguilar1, Sherylanne Newton1, Andrew Parker1, Chris Esapa1, Helen Hilton1, Sara
Wells2, Steve DM Brown1, Michael R Bowl1.
1
MRC Harwell Institute
Background
Approximately 50% of hearing loss cases have a genetic basis. Discovering and characterising genes required
for auditory function will: increase our understanding of the molecular mechanisms of hearing; allow a genetic
diagnosis; and, offer new opportunities for the design of therapeutic interventions. The International Mouse
Phenotyping Consortium (IMPC) is contributing to these goals, through the production and broad-based
phenotyping of knockout mouse mutants. Hearing function is assessed using an Auditory Brainstem Response
(ABR) test. This approach has identified more than 50 novel candidate deafness mutants, including the
Neuronal precursor cell Expressed, Developmentally Downregulated 4, Like (Nedd4l) knockout mice
(Nedd4ltm1b/tm1b) that are reported to be profoundly deaf at 14-weeks of age (mousephenotype.org).
Methods
To confirm and further elaborate upon Nedd4l’s role in the auditory system, additional characterisation studies
were undertaken. Auditory assessment, employing ABR and Distortion Product Otoacoustic Emissions
(DPOAEs) tests, revealed that mice lacking Nedd4l exhibit an early-onset, progressive hearing loss and
become profoundly deaf by 8-weeks of age. Interestingly, ongoing reporter expression studies have indicated
expression in the endolymphatic sac and interdental cells at E13.5 and P0, respectively.
Results
Investigations to determine the cause of hearing loss in Nedd4ltm1b/tm1b mice have identified a progressive loss
of hair cells and spiral ganglion neurons, but occurring after the mice are already profoundly deaf. Assessment
of afferent synapses has revealed fewer synapses and an increased number of orphaned Ribeye puncta in
Nedd4ltm1b/tm1b mice compared to controls. NEDD4L is a known E3 ubiquitin ligase that regulates channel
internalization and turnover. In order to identify novel NEDD4L substrates and its potential role in cochlear
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function, mass spectrometry of ubiquitinated proteins extracted from wild-type and Nedd4ltm1b/tm1b mouse
derived embryonic fibroblasts was undertaken, identifying several candidate NEDD4L target proteins that are
currently being validated.
Conclusions
In conclusion, Nedd4l is required for hearing in the mouse, causing a progressive hearing loss when absent.
Studies are ongoing to fully elucidate the role of NEDD4L in mammalian hearing.
SA113: In Vivo Assessment of Dexamethasone (DXM) Infused and Coated Poly(lactic-Co-Glycolic)
Acid (PLGA) Microneedles as an Improved Drug Delivery System for Intracochlear Biodegradable
Devices
Inner Ear: Drug Delivery
Torin Thielhelm1; Stefania Goncalves1; Devon Pawley1,2; Emre Dikici1,2; Sylvia Daunert1,2, Fred Telischi1
1 Miller School of Medicine, 2University of Miami
Background
Drug delivery to the inner ear is challenging because of the complex cochlear anatomy, which hinders
successful molecular transportation. The use of biodegradable drug-infused microneedles which pierce the
round window membrane (RWM) and deliver drugs directly to the cochlea is a promising approach for
consistent inner ear drug delivery at an appropriate concentration over time.
Methods
Microneedles were engineered in an elastomer mold created via photolithography. Poly(lactic-co-glycolic
acid) (PLGA) copolymer was dissolved in dimethyl sulfoxide (DMSO) with either (a) FM1-43, a dye that
blocks the mechanotransducer channel, or (b) dexamethasone (DXM), a corticosteroid used to minimize hair
cell (HC) loss from inner ear trauma. Whole organ of Corti explants from rats were exposed to DXM
microneedles in culture for in vitro ototoxicity assessment and viable HC counts were recorded using
fluorescent microscopy. To assess intracochlear drug release, FM1-43 microneedles were introduced into the
scala tympani of adult mice. Animals were euthanized after one week for cochlear harvesting and confocal
microscopy analysis of the distance travelled by the dye within the cochlea. To assess the success of
microneedle insertion and corresponding drug delivery, DXM microneedles were introduced into the scala
tympani of adult rats without ototoxicity through the RWM via a unilateral retroauricular approach. The
hearing of both ears of each rat was assessed using auditory brainstem responses (ABRs) to pure-tone stimuli
(1, 4, 8, 16, and 32 kHz) pre-operatively and at post-operative days 3, 7, 14, 21, and 28. Animals were
euthanized 28 days after microneedle insertion for cochlear harvesting and histologic analysis under confocal
microscopy.
Results
Ototoxicity assessment of DXM-coated and infused microneedles in vitro revealed fewer outer and inner HC
losses when compared to non-coated DXM-infused microneedles and a similar efficacy when compared to a
DXM solution. In vivo drug release studies validated the release of FM1-43 dye within 1 week of intracochlear
implantation throughout the perilymph. ABR data revealed an initial increase in hearing thresholds on the side
of microneedle insertion, particularly at higher frequencies (i.e. 16 and 32 kHz) as compared to the
contralateral control ear. Hearing thresholds returned to pre-insertion levels over the course of 28 days.
Conclusions
These in vivo studies demonstrate that biopolymer microneedles are safe to use in the inner ear and that DXMinfused microneedles may protect against insertion trauma, with ABR hearing thresholds returning to preinsertion levels over the course of 28 days. The in vitro studies prove that infused biopolymer microneedles
can release drugs within the scala tympani and protect HCs from ototoxicity. Thus, biodegradable polymeric
microneedles represent a novel strategy for inner ear DXM delivery without introduction of toxic foreign
agents. Ongoing investigation involves the placement of DXM-infused microneedles after the delivery of
ototoxic agents to assess the protective effects against hearing loss in adult rats for 28 days.
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Podium 4: "Ions, Tip Links, and Stereocilia"
Moderators: Dr. Lisa Cunningham and Dr. Joseph Santos-Sacchi
Category: Hair Cells: Anatomy & Physiology
PD 4.1 Adaptive Cell Invasion of Skin-Derived Ionocytes into Mechanosensory Organs
Daniela Muench
Stowers Institute for Medical Research
Background
Inner ear hair cell function critically relies on the actively maintained ionic composition of the surrounding
endolymph. In fact, numerous mutations in ion channels disrupt endolymph ion homeostasis and result in
hearing impairments in mammals. In contrast, lateral line mechanosensory hair cells of aquatic vertebrates are
located superficially in the skin and are exposed to the surrounding aqueous environment. How lateral line
hair cell mechanotransduction is maintained throughout ever-changing environmental conditions is not fully
understood.
Methods
Using lineage labeling, in vivo time-lapse imaging and scRNA-seq, we discovered Neuromast-associated
ionocytes (Nm ionocytes), a previously uncharacterized cell type that invades mature mechanosensory organs
of the zebrafish lateral line.
Results
This process, that we call ‘Adaptive Cell Invasion’ (ACI), is dynamically regulated by changes in
environmental stimuli, such as pH and salinity. We characterize the translocation of these highly motile, skinderived cells by in vivo imaging and show that they enter the sensory organ as individual closely associated
pairs of cells. After extensive re-arrangement of the cells within the sensory organ that is accompanied by the
extension of highly dynamic cellular protrusions, they anchor in a stereotypical position, in close vicinity to
mechanosensory hair cells. In fact, 3D reconstruction of Nm ionocyte ultrastructure by serial block face
electron microscopy revealed the formation of a microvilli-containing apical crypt in close vicinity to the hair
cell bundles and in direct contact with the hair cell microenvironment. Molecular analysis of these cells by
scRNAseq and loss of function approaches provide evidence that Nm ionocytes are involved in maintaining
lateral line hair cell function.
Conclusions
Taken together, our findings challenge the notion of an entirely placodally-derived lateral line and identify
Nm ionocytes as new players involved in regulating the hair cell ionic microenvironment. The discovery of
ACI by Nm ionocytes highlights the importance of postembryonic changes in the cellular composition of
mechanosenory organs and provides a framework to further dissect the molecular mechanisms underlying hair
cell ion homeostasis in the future.
PD 4.2 The Evolutionary Biophysics of a Force-Conveying Protein Complex Required for Vertebrate
Hearing
Collin Nisler
The Ohio State University
Background
The sensory epithelium of the inner ear, found in all extant lineages of vertebrates, is older than the vertebrate
lineage itself. Having originated as a small patch of cells in our aquatic ancestor, it has been subjected to over
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500 million years of evolution and natural selection, resulting in the complex and finely tuned inner ear of
modern vertebrates. Inner ear adaptations are as diverse as the species from which they are found, and such
unique anatomical variations have been well studied. However, the evolutionary details of the molecular
machinery that allow this process to happen are less well known. Two molecules that are essential for hearing
in vertebrates are protocadherin 15 (PCDH15) and cadherin 23 (CDH23), proteins whose interaction with one
another acts as the focal point of force transmission when converting the mechanical stimulus from sound
waves into an electrical signal that is interpreted as sound. This interaction exists in every lineage of
vertebrates but little is known about the structure or mechanical properties of these proteins in most nonmammalian lineages.
Methods
Here, X-ray crystallography, all-atom and coarse-grained molecular dynamics simulations, as well as surface
plasmon resonance (SPR) experiments are used to characterize the evolution of this essential protein complex.
Results
Results show significant evolutionary changes in this complex both in experiments and simulations among
extant vertebrate lineages. Variation in interaction strength, as measured by force and energy of unbinding,
and variation in interface dynamics, as measured by contact density and buried surface area as well as in SPR
experiments, support this conclusion. Agreement between all-atom simulations, coarse-grained simulations,
and experiments provide further support for the presented results.
Conclusions
The results suggest a general picture of tip-link evolution in which selection acted to modify this interface
during the transition from an aquatic to land-based lifestyle, with further neutral evolution or selection for
particular lifestyles likely driving additional diversification in modern tetrapods.
PD 4.3 Fast Recovery of Disrupted Tip Links Induced by Mechanical Displacement of Hair Bundles
Rodrigo Alonso
The Rockefeller University
Background
Hair cells possess a mechanosensitive organelle known as hair bundle. This subcellular structure is composed
of tens to hundreds of stereocilia arranged in a staircase manner. Upon deflection, they pivot about their
insertions and the resultant shear between contiguous stereocilia modulates the extension of elastic elements
that are coupled to a mechanoelectrical transduction channel. Each stereocilium bears an oblique filament –
the tip-link– that connects its tip to the flank of a neighbor in the taller stereociliary row and is thought to be
a component of the gating spring. A tip-link consists of a parallel homodimer of cadherin-23 in its upper twothirds and a parallel homodimer of protocadherin-15 in its lower third. Ca2+ stabilizes the molecular
handshake that interconnects the proteins at their amino termini. In vitro exposure to Ca2+ chelators disrupts
the “handshake”, which terminates mechanoelectrical transduction.
In the present investigation, we inquired whether tip-links might recover if their separated ends were reapposed by deflecting a hair bundle well in the negative direction.
Methods
We performed experiments on hair cells from excised preparations of the neonatal rat’s cochlea as well as
from the bullfrog’s saccule, and iontophoresis to deliver a Ca2+ chelator (EDTA) on the bundles and disrupt
the tip-links. For the mammalian preparation, we employed a calibrated fluid jet to deflect the hair bundle,
voltage clamping to measure the transduction current, and asses tip-link integrity.In the latter case, we used a
two-compartment chamber that mimics the ionic milieu in which hair cells normally operate, video
microscopy to record spontaneous oscillations and displacement clamp techniques to control the hair bundle
position. This allowed us to measure the force and estimate the change in the stiffness which is also an
indication of tip-link integrity.
Results
We registered the recovery of transduction current in rat’s outer hair cells, and spontaneous oscillations as
well as stiffness recovery in bullfrog’s hair cells. This phenomenon occurred after displacing the hair bundle
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as a whole towards its shorter row (negative). Control experiments where positive displacement was applied
failed to elicit the recovery of the measured variables.

Conclusions
Intense hair bundle stimulation caused by prolonged exposure to loud sounds can damage tip-links in vivo,
whereas Ca2+ chelators can dissociate them in vitro. Previous studies showed that this damage can be partially
reverted in 12-48 hours as the tip-links regenerate and restore mechanosensitivity. The complete replacement
of tip-links is both metabolically costly and relatively slow. Our experiments suggest that after the normal
Ca2+ concentration has been restored; mechanical stimulation facilitates the reconstitution of functional tiplinks. In fact, we showed that tip-links can recover within seconds after disruption by Ca2+ chelation. This
phenomenon constitutes an unusual form of repair for a molecular lesion: damaged links evidently reconstitute
themselves from their damaged components.
PD 4.4 Blocking the Transduction Channels in Frog Saccular Hair Bundles Evokes Shortening,
Widening, and Stiffening of the Stereocilia by Increasing the Number of Filaments in Their Actin
Core
Atitheb Chaiyasitdhi
Institut Curie recherche
Background
Each hair cell of the inner ear is endowed with a mechanosensitive tuft of actin-based protrusions—the hair
bundle. The hair-bundle morphology is set according to the hair cell’s function as a frequency-selective sensor
of mechanical vibrations and remains stable throughout the lifespan of the animal. Despite its importance for
mechanosensation, the underlying maintenance mechanism has remained elusive. In mice and rat cochlear
hair cells, recent genetic and pharmacological evidence implicates the mechano-electrical transduction
channels in controlling actin-polymerization in the bundle’s stereocilia. Here, we report the effects of blocking
the transduction channels on the morphology of the hair bundle in hair cells from the frog sacculus.
Methods
We applied the channel-blocker benzamil at 30 µM for 1 hr in a standard saline solution, either alone or in
combination with the formin inhibitor SMIFH2 at 50-250 µM. We performed bundle-stiffness measurements
with flexible stimulus fibers, and morphological characterizations of the hair bundle with scanning and
transmission electron microscopy. By “shaving off” the hair bundles, we could visualize the insertions of the
stereociliary rootlets into the apical surface of a hair cell, as well as measure the surface area of the actin-rich
cuticular plate and the basal diameter of the whole hair bundle.
Results
Exposure to the channel-blocker benzamil for 1 hr resulted both in shortening (-10%) and, remarkably,
widening (+24%) of the stereocilia, resulting in an increase of the whole hair-bundle volume. These
observations confirm in frog that the transduction machinery controls the morphology of the hair bundle and
show for the first time that stereocilia shortening can be associated with significant widening. In addition,
benzamil-exposed hair bundles were nearly twice as stiff (+91%) as the bundles under control conditions. This
effect was too large to be explained by shortening of the bundle only but may have resulted from an increased
intrinsic pivoting stiffness of the stereocilia. Correspondingly, we found that the diameter of each rootlet
insertion increased by 17%; similar effects were observed with the diameter of the cuticular plate (+21%) and
of the whole bundle (+32%). Yet, the spacing of the actin filaments composing the core of a stereocilium
remained unchanged, demonstrating that bigger stereocilia and rootlets comprised more actin filaments. We
reasoned that this effect may have resulted from an increased nucleation of actin filaments in the hair bundle.
Accordingly, we observed that stereocilia widening owing to transduction-channel blockage could be reduced
or even entirely eliminated in the presence of the formin inhibitor SMIFH2, depending on the SMIFH2
concentration.
Conclusions
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Altogether, our results demonstrate a strong coupling between actin polymerization in the hair bundle and
mechanoelectrical transduction, possibly via a formin-dependent pathway that controls the number and length
of actin filaments in stereocilia.

PD 4.5 Transduction-Dependent Stereocilia Remodeling Regulates Resting Tension in
Mechanotransducer of Mammalian Auditory Hair Cells
Abigail Dragich
University of Kentucky
Background
Resting tension in the mechano-electrical transduction (MET) machinery sets the sensitivity of the auditory
hair cells to sound-induced deflections. A classical model developed for non-mammalian hair cells postulates
that Ca2+-dependent myosin motors pull the upper end of the tip links, thereby establishing the resting MET
current and its “slow” adaptation to step-like stimuli. However, mammalian auditory hair cells exhibit largely
Ca2+-independent, “fast” adaptation (Peng et al., 2013). Therefore, we tested an alternative hypothesis
suggesting that slow regulation of the resting MET current in mammalian auditory hair cells is controlled
through recently discovered MET- and Ca2+- dependent retraction of the shorter row, transducing stereocilia
(Velez-Ortega et al., 2017).
Methods
Using whole-cell patch-clamp recordings and fluid-jet deflection of hair bundles in postnatal cochlear outer
and inner hair cells, we explored changes in the resting open probability (Popen) of MET channels after
initiating MET-dependent stereocilia retraction using four methods: 1) blocking MET channels with
tubocurarine; 2) closing MET channels via prolonged negative hair bundle deflection (>1s); 3) inhibiting Ca2+
entry into the cell with prolonged depolarization (~1s); and 4) using the intracellular Ca2+ chelator, BAPTA.
Then, we explored whether four different drugs disrupting F-actin remodeling affect the changes of Popen
observed in the experiments #1-3 above. Finally, we imaged Ca2+ entry into individual stereocilia after
prolonged depolarization that initiates retraction of transducing stereocilia (as in experiment #3 above).
Results
Three methods of MET-dependent stereocilia retraction (#1-3 above) caused large increases in Popen that
lasted on a time scale of seconds and recovered over a similar time scale. Intracellular BAPTA also increased
resting Popen and potentiated these (apparently Ca2+-dependent) effects. Actin-targeting drugs cytochalasinD, latrunculin-B, jasplakinolide, and phalloidin produced a variable increase of resting Popen and variable
effects on Popen increase after negative bundle deflections or cell depolarization. However, each drug blocked
recovery of the increased Popen in these experiments, suggesting that stereocilia actin remodeling plays a role
in controlling resting tension in the MET machinery. Additionally, Popen changes were accompanied by
changes in the slope of MET-current – hair bundle displacement curves, suggesting a non-uniform METdependent retraction of stereocilia within a row. Correspondingly, Ca2+ imaging revealed seconds-long entry
of Ca2+ through MET channels after prolonged depolarization (without any bundle deflection) in some but
not all transducing stereocilia of the hair bundle, suggesting that the MET tensioning is regulated at the level
of individual stereocilia.
Conclusions
We concluded that mammalian auditory hair cells regulate the resting tension in their MET machinery through
MET-dependent stereocilia remodeling, thereby self-adjusting both the characteristic staircase shape of the
hair bundle and its optimal mechanosensitivity.
PD 4.6 Spontaneous Calcium Transients in Individual Hair Cell Stereocilia
Saman Hussain
NIH/NIDCD
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Background
Hair cells are the mechanosensory receptors for the perception of sound, head movement and gravity. The
mechanosensitive organelle of hair cells is the hair bundle, comprising rows of actin-filled protrusions of
graded heights called stereocilia. The hair bundle converts mechanical stimuli into electrical signals through
the mechanoelectrical transduction (MET) apparatus, built around a tip-link that connects adjacent stereocilia.
The sensitivity required for normal hearing and balance relies on the intricate relationship between the MET
channel complex located at the lower insertion site of each tip-link and stereocilia structure and dynamicity.
Upon stimulation, the MET channel responds to changes in tip-link tension and allows an increase in cation
influx into the cell. In the unstimulated state, the MET channel experiences a resting tension, which modulates
the open probability and results in a small resting whole cell MET current. Calcium imaging has been used
previously to study MET channel activity and localization during hair bundle stimulation. However, direct
observation of spontaneous calcium activity at individual MET channel level in developing or unstimulated
hair bundles has not been reported.
Methods
Using a genetically encoded calcium sensor GCaMP3 (membrane-localized R26-lsl-GCAMP3) and highperformance fluorescence confocal microscopy, we recorded and analyzed spontaneous calcium transients in
individual stereocilia in cultures and acute preparations of mouse organ of Corti and vestibular sensory
epithelia from early development (postnatal day 0) to fully formed bundles (postnatal day 17).
Results
We detected robust spontaneous calcium transients in individual stereocilia in the developing and fully formed
hair bundles. These transients are uncorrelated to neighboring stereocilia and exhibit varying amplitudes and
frequencies. We demonstrate that this activity is abolished by MET channel blockers and is increased in prestressed bundles. The origin of these calcium transients is not limited to the canonical MET site at the
stereocilia tip but is also observed along the stereocilia length. Remarkably, we also observe these transients
in the microvilli-like stereocilia precursors in the early stages of bundle development and in the tallest rows
of stereocilia in the organ of Corti, which contradict the presumed location of canonical MET activity.
Conclusions
We report the presence of spontaneous calcium activity in individual stereocilia in developing and fully
formed hair bundles. This spontaneous activity may reflect stochastic channel gating or opening of channels
in response to local stresses associated with the dynamic regulation of developing stereocilia. Localization of
these transients to other regions of the stereocilia could indicate the presence of a pool of MET channel
precursors, allowing for turnover and recovery in the event of tip-link breakage. Spontaneous activity in
mature bundles may contribute to the resting whole cell currents. Our work provides insight into the activity
and localization of MET channels and channel precursors during development and in mature hair bundles.
PD 4.7 cAMP and Voltage Regulate Mechanotransduction Channel Setpoint by Modulating Tip-Link
Tension
Anthony Peng
University of Colorado Anschutz Medical Campus
Background
Hair cells of the auditory and vestibular systems transform mechanical input into an electrical potential
through a process termed mechanotransduction (MET). During this process, mechanical stimuli deflect the
mechanosensory hair bundle and increases tension in tip-links that gate MET channels. Regulation of MET
channel sensitivity is important for the auditory system’s high sensitivity and large dynamic range. For
decades, MET channel regulation has primarily focused on mechanisms involving Ca2+. Here, we describe
two manipulations that decrease the resting open probability of the MET channel by reducing tension in the
tip-link.
Methods
We used voltage-clamp electrophysiology with high-speed video imaging of the hair bundle during
stimulation with a fluid-jet stimulator to measure changes in MET channel properties and hair-bundle
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mechanics. Additionally, we use iontophoresis of calcium chelators to measure the relative contribution of the
calcium-sensitive links to the overall hair bundle stiffness.
Results
Pharmacological upregulation of cAMP in rat OHCs produced an increase in slow adaptation, a rightward
shift of the activation curve, and decreased total hair bundle stiffness. Prolonged depolarization of rat IHCs or
OHCs produced similar effects on slow adaptation, activation curve position, and hair bundle stiffness as
upregulation of cAMP. Next, we found that cAMP and depolarization may act via a common mechanism,
since the two manipulations do not sum independently. Finally, hair bundle mechanics experiments suggested
that the decrease in hair bundle stiffness in response to cAMP or depolarization is a result of a decreased
resting tension in the tip-link, as measured by a positive change in hair bundle resting position, increased
displacement size, and a decreased contribution of the tip link to total hair bundle stiffness.
Conclusions
Together, these data support the hypothesis that cAMP and depolarization regulate the MET channel through
a common mechanism that decreases tension in the tip link. Understanding the molecular mechanisms which
regulate the sensitivity of the MET channel will allow us to develop more effective therapies to prevent and
treat human hearing loss.
PD 4.8 MYO7A Isoforms and Their Potential Roles in Tuning Tip-Link Tension
Sihan Li
University of Virginia
Background
Tip link tension is essential for the sensitivity of the hair cell mechano-electro transduction (MET) process.
Myosin VIIA (MYO7A) has been hypothesized to be the molecular motor tensioning the tip link but
conclusive evidence was lacking. We discovered that MYO7A is expressed in multiple isoforms in the
auditory system. Our study focuses on elucidating the role of MYO7A in tensioning the MET complex, and
characterizing functional differences between isoforms.
Methods
We generated MYO7A isoform-specific deletion mouse lines using CRISPR/Cas9. MYO7A levels in the
cochlea were quantified by immunofluorescence and hair cell morphology was evaluated using SEM. Hearing
function was assessed with auditory brainstem response testing. MET current was recorded in response to
fluid jet stimulation in postnatal day 7-8 hair cells. 5’RACE was performed using mRNA from 10 cochleae to
identify Myo7a isoforms expressed in the inner ear.
Results
Genomic data bases predict two major isoforms of Myo7a: a widely studied canonical isoform (Myo7a-C)
and a short isoform (Myo7a-S). We previously showed that genetic deletion of the Myo7a-C isoform (Myo7aΔC) caused a large reduction of MYO7A levels in inner hair cells (IHCs), while outer hair cells (OHCs) were
affected tonotopically. Patch-clamp analysis of MET currents in Myo7a-ΔC IHCs showed reduced resting
open probability and slowed MET kinetics. IHC hair bundle degeneration and progressive hearing loss were
observed in adult Myo7a-ΔC mice, but OHCs were unaffected. Altogether, our results revealed an essential
role of MYO7A in generating tip-link tension.
Next, we characterized various Myo7a isoforms in the cochlea using 5’RACE. Surprisingly, although the
transcript of Myo7a-S was not detected, we discovered a previously unreported Myo7a isoform (termed
Myo7a-N). Quantitative analysis of MYO7A expression in Myo7a-N specific deletion mouse (Myo7a-ΔN)
indicated that MYO7A-N is predominantly expressed in OHCs, with the highest levels at the base and
decreasing towards the apex. Taken together, we conclude that expression of MYO7A-C and -N are inversely
correlated, with IHCs predominantly expressing MYO7A-C, while OHCs express MYO7A-C and -N in an
opposing tonotopic gradient.
Finally, we generated a mouse line in which both Myo7a-C and Myo7a-N were deleted. In these mice,
MYO7A immunostaining was undetectable in all hair cells, together with hair bundle defects, profound
hearing loss and head tossing behavior, similar to full Myo7a-C KO mice. These results confirmed that
MYO7A-C and -N are the major isoforms in the cochlea.
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Conclusions
Our studies revealed an unexpected isoform diversity of MYO7A in the cochlea, and highlighted MYO7A’s
essential role in tensioning the MET complex. We hypothesize a model in which differential expression of
MYO7A isoforms, with potentially distinct motor properties, could tune tip link tension, possibly explaining
differences in MET properties between IHCs and OHCs, and the tonotopic gradient in tip-link tension in
OHCs.

10:00 a.m. - 12:00 p.m.
Podium 5: "Complex Sound Processing and Imaging"
Moderators: Dr. Shihab Shamma and Dr. Pim van Dijk
Category: Auditory Cortex: Human Studies
PD 5.1 The Music of Silence Reveals Neural Auditory Predictions
Giovanni Di Liberto
School of Electrical and Electronic Engineering
Background
During musical listening, humans routinely acquire the regularities of the acoustic sequences and use them to
anticipate and interpret the ongoing melody. Specifically, in line with this predictive framework (Clark, 2016),
it is thought that brain responses during such listening reflect a comparison between the bottom-up sensory
responses and top-down prediction signals generated by an internal model that embodies the musical exposure
and expectations of the listener. To attain a clear view of these predictive responses, previous work has
eliminated the sensory inputs by inserting “artificial” silences (or sound omissions) that leave behind only the
corresponding predictions of the thwarted expectations (Heilbron and Chait, 2018).
Methods
Here we demonstrate a new approach in which we managed to decode for the first time the EEG predictive
responses to the silent intervals that are naturally interspersed within the music. We did this as participants
both listened and imagined Bach piano melodies. Prediction signals were quantified and assessed via temporal
response functions (Crosse et al., 2016) and a computational model of the melodic structure of the music
(Pearce, 2005).
Results
EEG signals were shown to exhibit the same response characteristics when measured during listening and
imagining. These include an inverted polarity for both silence and imagined responses relative to listening, as
well as response magnitude modulations that precisely reflect the expectations of notes and silences in both
listening and imagery conditions.
Conclusions
These findings therefore provide a unifying view that links results from many previous paradigms, including
omission reactions and the expectation modulation of sensory responses, all in the context of naturalistic music
listening.
PD 5.2 All for One: Binding the Components of a Complex Stream During Segregation
Mohsen Rezaeizadeh
University of Maryland - College Park
Background
To navigate complex auditory environments, humans and many other animals are able to segregate and
selectively attend to a sound stream from among others simultaneously emanating from different sources.
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Numerous studies have suggested that a target sound stream (or source) can be only segregated if the acoustic
features underlying its perceptual attributes (e.g., pitch, location, and timbre) are temporally synchronized (or
coherent) and are asynchronized (incoherent) with those of other sound streams. This "temporal coherence"
hypothesis predicts that attentive listening to one acoustic feature of a target enhances brain responses to that
feature, but would also concomitantly (1) induce mutually excitatory influences with other coherently
responding neurons, thus enhancing (or binding) them all as they respond to the attended source; By contrast,
(2) suppressive interactions are hypothesized to build up among neurons driven by temporally incoherent
sound features, thus relatively reducing their activity.
Methods
In this study, we tested and confirmed these predictions in human subjects by measuring EEG responses while
they attended to and segregated streams of complex sounds composed of harmonic or inharmonic tone
complexes, noise bursts, as well as speech mixtures. To gain a view of the responses to individual frequency
components in the mixtures, we exploited the modulatory effects of ongoing and persistent attention on the
responses to a probe tone to measure the modulation of the complex components.
Results
We observe that temporal coherence rapidly facilitates the binding and streaming of coherent features
regardless of their identity (e.g., tones or noise), harmonic relationship, or frequency separation.
Conclusions
The results confirming the key role temporal coherence plays in the analysis and organization of auditory
scenes, i.e. coincidence of the neural responses to any acoustic features is the fundamental and overriding
determinant of the segregated perception of an auditory stream. Thus, it is not the specific nature of the features
(e.g., being a single-tone, tone-complex, or a noise burst) or the harmonic relationship among the tones of a
complex, that determines their binding. Rather, it is the temporal coincidence among the components that
matter.
PD 5.3 Age and Hearing Loss Related Gray Matter Decline is Partially Maintained in Tinnitus
Elouise Koops
Harvard Medical School
Background
The impact of age-related hearing loss goes beyond the auditory system and it has been associated with brain
areas that are involved in cognitive impairment and even dementia. A symptom that is frequently co-occurring
with hearing loss, tinnitus, is similarly reported to impact cognition. Recent structural neuroimaging studies
have reported that hearing loss may precede or modulates the onset of cognitive impairment. However, the
factors of age, hearing loss, and tinnitus are often convoluted, and this study aimed to disentangle their effects
on the gray matter structure of the brain.
Methods
Voxel- and surface-based morphometry MRI measures were obtained from 39 participants with hearing loss
and tinnitus, 21 with hearing loss but without tinnitus, and 39 control participants. None of the participants
used hearing aids. A multiple regression model was used to investigate the effect of age, sex, tinnitus and
hearing loss on gray matter volume. Group differences were determined with pair-wise two-sample t-tests.
Threshold Free Cluster Enhancement, a non-linear method, was used to statistically test the differences
between groups. Finally, Region-of-Interest analyses were performed on the primary visual, motor and
auditory cortices to assess the effect of age and group on these areas. Group comparisons were corrected for
age and total intracranial volume.
Results
All groups showed age-related gray matter volume decline. In hearing loss without tinnitus, less gray matter
volume and surface thickness was observed in temporal, frontal, cingular and parietal areas compared to
controls. A significant difference in gray matter volume was observed between the hearing loss groups, with
and without tinnitus, with the tinnitus group having more volume in the bilateral lingual gyri. There were no
differences in gray matter volume or cortical surface thickness between the hearing loss group with tinnitus
and the controls. Region-of-interest analyses showed that the cortical thickness of the auditory cortex was
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smallest in the hearing loss group without tinnitus. All primary areas included showed a significant decline
with increasing age.
Conclusions
This study showed that age is associated with less structural gray matter throughout the brain. In hearing loss
without tinnitus, smaller gray matter volume and surface thickness were identified in areas of the auditory
pathway and areas related to cognitive impairment. Interestingly, the presence of tinnitus in people with
hearing loss appears to reduce gray matter decline. Especially the lingual gyrus is better preserved in the
presence of tinnitus. These findings confirm that hearing loss has impact beyond the auditory system.
Currently, we have tools to improve hearing loss and thereby screening for hearing loss may help in the
prevention of cognitive decline.
PD 5.4 Frequency-Constrained Envelope Reconstruction of Speech and Music With
Electroencephalography Highlights Unique Tracking of Speech at Low Frequencies
Nathaniel Zuk
Trinity College Dublin
Background
Amplitude fluctuations are relevant for the perception of speech and music, and prior research has shown that
the EEG continuously tracks the amplitude of these sounds. Neural tracking captured by the envelope likely
reflects acoustic processing as well as higher-order stimulus features and cognitive state. Understanding how
neural tracking compares across stimulus types will elucidate what aspects of envelope tracking reflect
acoustic processing via a stimulus-independent mechanism. However, direct comparisons between speech
and music are complicated by differences in envelope spectra. In order to quantify envelope tracking in a
comparable manner, we used a band-limited method of envelope reconstruction and assess reconstruction
accuracy for various ranges of amplitude modulation frequencies. Our goal was to compare speech and music
tracking as a function of modulation frequency, to quantify the optimal frequency ranges for each stimulus
type, and to identify common or unique mechanisms responsible for envelope tracking.
Methods
We recorded EEG as 16 subjects passively listened to 6-7 of 10 possible clips of rock music, classical music,
the vocals from the rock music (without any backing instrumentation), and speech from an audiobook. To
constrain the model to specific modulation frequency ranges while controlling for correlations in the EEG
data, we transformed the EEG into principal components and transformed the time-delayed EEG into a lowerfrequency representation of basis splines. We quantified envelope reconstruction accuracy using various
frequency bands, while maintaining a three-octave model bandwidth, which optimized reconstruction
accuracy for a separate speech dataset.
Results
Across all modulation frequency ranges, speech envelopes were reconstructed better than the envelopes for
rock, classical, and vocals, particularly below 1 Hz. The individual models varied in delay across stimulus
types for neural tracking above 2 Hz, where envelope tracking of music was best. At the slower modulation
frequencies, the models were temporally consistent across stimuli. To understand further how these
differences might relate to neural tracking, we fit a model to all stimuli and compared the performance of the
stimulus-general model to the stimulus-specific models. Contrary to our expectations, the stimulus-general
model performed better than the stimulus-specific models for the music stimuli at higher frequencies. In
contrast, at lower frequencies, the speech-specific model did better than the stimulus-general model. This was
associated with increased weighting over parietal channels in the stimulus-specific model, which was absent
in the models trained on music.
Conclusions
Speech envelopes are tracked better than music across all frequency ranges, and neural tracking of modulations
from 2-8 Hz may reflect a mechanism common to speech and music processing. Below 1 Hz there is a unique
mechanism for tracking speech, which may arise from areas specific for processing speech.
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PD 5.5 Generic and Category-Specific Computations Integrate Information Across Distinct
Timescales
Samuel Norman-Haignere*1, Laura Long1, Orrin Devinsky2, Werner Doyle2, Ifeoma Irobunda3, Edward
Merricks3, Neil Feldstein3, Guy McKhann3, Catherine Schevon3, Adeen Flinker2, Nima Mesgarani1
1
Columbia University, 2NYU Langone Medical Center, 3Columbia University Medical Center
Background
To derive meaning from sound, the brain must integrate information across tens (e.g. phonemes) to hundreds
(e.g. words) of milliseconds, but the neural computations that enable multiscale integration remain unclear.
Prior evidence suggests that human auditory cortex analyzes sound using both generic acoustic features (e.g.
spectrotemporal modulation) and category-specific computations, but how these putatively distinct
computations integrate temporal information is unknown. Answering this question has been challenging
because (1) there is currently no method for estimating neural integration windows from complex, nonlinear
responses like those in cortex and (2) non-invasive methods (e.g. fMRI, EEG) lack the spatiotemporal
precision to measure integration windows, even if such a method existed.
Methods
We developed a novel method to estimate the time window over which any sensory response integrates
information. The approach is conceptually simple: one measures responses to segments of natural stimuli
surrounded by random “context segments”, and then estimates how long a segment needs to be for the response
to be unaffected by context. We applied our paradigm to intracranial EEG (iEEG) recordings collected from
patients undergoing surgery for intractable epilepsy. We used a combination of depth and surface electrodes
to record from both primary regions in the lateral sulcus as well as non-primary regions in the superior
temporal gyrus (STG), unlike many iEEG studies that have focused on just the lateral sulcus or STG (190
sound-responsive electrodes across 18 patients).
Results
We show that integration windows increase three-fold as one moves from primary to non-primary regions,
but do not differ between the two hemispheres. Moreover, we find that electrodes with short integration
windows (~50-150 ms) respond selectively to spectrotemporal modulations, while electrodes with long
integration windows (~200-300 ms) show prominent selectivity for sound categories, such as speech and
music.
Conclusions
Our results suggest that distinct timescales in natural sounds are analyzed by distinct neural computations,
with short- and long-term structure preferentially analyzed by generic and category-specific computations,
respectively. These findings reveal how multiscale integration organizes hierarchical computation in human
auditory cortex.
PD 5.6 Better Phase-Locking to Words Set to Familiar Music
Christina Vanden Bosch Der Nederlanden
University of Western Ontario - The Brain and Mind Institute
Background
Several studies have shown that humans neurally phase-lock to the slow rhythms of speech and that the
strength of this phase locking is related to comprehension. In difficult listening conditions, setting text to
music aids phase-locking to an utterance (Vanden Bosch der Nederlanden et al., 2020). However, in the
classroom, words are often set to familiar melodies, for instance, the “ABC’s” are sung to the same melody
as “Twinkle, Twinkle Little Star.” The current study examines whether putting speech to familiar music leads
to greater neural phase-locking to speech, even in everyday listening conditions.
Methods
Thirty-two participants learned 12 novel melodies for four days leading up to MEG testing. During each of
the four online training sessions, listeners counted the notes of the melodies to become familiar with them.
During the MEG session, listeners heard 4 blocks of 12 trained and 12 additional novel melodies with 2
different text settings (48 trials) and with each text setting presented as speech (48 trials). On each trial,
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participants rated how familiar the melody of the utterance was. We calculated cerebro-acoustic phase
coherence to measure how closely the phase of each participant’s magnetic brain signal was aligned to the
amplitude envelope of the utterance. All analyses were performed using FieldTrip.
Results
Over the course of learning the melodies, participants improved in their note counting from day 1 to day 4
(67% to 80% correct), suggesting they learned the melodies (p = .002). Listeners showed greater cerebroacoustic phase coherence to utterances sung to familiar melodies that they rated as familiar compared to
unfamiliar melodies, but no difference for those same utterances when they were spoken (p < .001). There
was also greater coherence overall to sung utterances compared to the same text when it was spoken (p < .001)
and this was primarily over the right hemisphere (p = .038).

Conclusions
Novel words set to familiar melodies are more easily tracked by the brain than words set to unfamiliar
melodies. These findings suggest that familiar melodies could be used to aid processing or perhaps memory
for language by boosting neural phase-locking to the slow rhythms of speech.
PD 5.7 Cognitive and Neural Correlates of the Universality of Asymmetric Scales
Claire Pelofi
New York University
Background
Music is produced and enjoyed in every known human culture, past and present. Despite its rich diversity
across cultures, musical systems exhibit recurrent features, and the extent to which these “universals” result
from cognitive constraints is still unknown. Here, we focus on the asymmetry of scales, a robust universal
feature (Savage et al., 2015) which corresponds to the fact that the discrete pitches used in melodies are
separated by intervals of different sizes. This intervallic asymmetry has been posited to help orient listeners
in a tonal space representation (Brown, 1981).
Methods
Here we use a combination of behavioral and electrophysiological measures to assess the cognitive benefits
associated with asymmetry in scales. Melodies are generated using a fixed artificial grammar based on a firstorder Markov chain and derived from either an asymmetric or symmetric hexatonic (i.e. six-tone) scale. After
an exposure phase presenting a corpus of melodies derived from the correct grammar, listeners’ performances
on detecting syntactic violation in a set of new melodies are measured behaviorally and contrasted for
asymmetric and symmetric scales. Throughout the experiment, EEG signals are recorded with a 64-channels
BrainVision system.
Results
Behavioral results demonstrate enhanced performances in processing syntactic regularities in melodies
associated with the asymmetric scale. EEG results mirror these findings: ERPs associated with distinct
probabilities of note transitions suggest that neural responses better track the melodies derived from the
asymmetric scale. Besides, a set of linear decoders trained on classifying mental processing of grammatical
structure shows enhanced accuracy in the context of the asymmetric scale.
Conclusions
By highlighting the cognitive underpinning of a music universal, this study provides an account of the tradeoff between diversity and stability across musical cultures and opens a new avenue in the investigation of
cross-cultural musical learning.
PD 5.8 Neural Indicators of Auditory Attention Switching
Stephanie Haro
Harvard Medical School
Background
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Auditory attention decoding (AAD) is the process of using EEG to detect a listener’s attentional focus in the
presence of two or more talkers. In many prior AAD studies, attentional switches between talkers are often
ignored as an artifact and occur within a gap between experimental trials. This is partly because AAD
algorithms have focused on inverse models that reconstruct the speech envelope rather than directly detecting
neural changes related to task switching. Detecting attentional switches in natural conversations is crucial to
developing a cognitively controlled hearing aid for use in the real-world use. In this study, we examine neural
markers of attentional changes during a multi-talker auditory task using EEG and pupillometry.
Methods
We played two spatially separated audiobooks simultaneously out of two loudspeakers spaced at a 45-degree
angle to the listener. We collected sixty-one-minute trials from seven subjects. To track attentional changes,
we simultaneously collected 24-channel dry EEG and eye tracking. For a given trial, subjects were randomly
assigned the task of sustaining attention to one talker, switching talkers at a predetermined time that is
specified before the trial, or switching attended talkers at their discretion during the trial. In order to avoid the
motion artifacts a button press would have caused, we had subjects remember the visually presented elapsed
time at which they decided to switch.
Results
A within subject linear model optimized with stochastic gradient descent and a maximum Pearson correlation
objective function resulted in a 60-fold cross validation performance of 69.7% (SE = +/- 5.0). The
incorporation of a switch in the EEG data, illustrates that the decoder decision does not reflect the switch event
until approximately half the decision window has elapsed. Additionally, preliminary pupillometry analysis
revealed the peak pupil diameter following the switch is statistically different in trials that contain a switch vs
trials that do not contain a switch (a two-way within-subject ANOVA results in F(2, 357) = 9.84, p = 6.92e5).
Conclusions
The experimental paradigm in this study demonstrates changes in the time course of EEG and pupillometry
that reflect natural switches of auditory attention. Using a linear decoder we were able to observe how
individuals prepare for and complete an attention switch. Our pupillometry data suggests that attentional
switches are characterized by an increase in pupil diameter that may be related to increased listening effort.
Taken together, our study suggests that it may be possible to directly decode attentional switches rather than
the acoustic envelope.

10:00 a.m. - 12:00 p.m.
Podium 6: "Hearing Damage and Listening Difficulties "
Moderators: Dr. Erika Skoe and Dr. Bharath Chandrasekaran
Category: Auditory Pathways: Brainstem
PD 6.1 Mitigation of Hearing Damage After Blast Exposure in Animal Model of Chinchilla
Rong Gan
University of Oklahoma
Background
Repetitive exposure to blast overpressure (BOP) frequently results in hearing damage in Service members and
Veterans. However, there is no therapeutic treatment for blast-induced hearing loss. Recent literatures have
shown the glucagon-like peptide-1 (GLP-1) receptor agonist, Liraglutide, as a potential treatment strategy for
traumatic brain injury (TBI)-induced memory deficits; however, there is no report about therapeutics of GLP1 for blast-induced hearing damage. This paper reports our recent study on therapeutic function of Liraglutide
to mitigate auditory injury after repetitive blast exposure in animal model of chinchilla. Our goal is to
determine therapeutics of liraglutide for restoration of hearing in ears with or without hearing protection
devices (HPDs).
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Methods
Young adult chinchillas were divided into four liraglutide (drug) treatment groups: pre-drug treatment to blast
with and without HPDs (e.g., earplugs) and post-drug treatment to blast with and without HPDs. For pre-drug
treatment, liraglutide was delivered to animals at 2 days prior to blast and in consecutive 7 days; for post-drug
treatment, liraglutide was injected on Day 1 after blast and in each day thereafter for 7 days. Animals received
6 consecutive blasts at BOP level 3-5 psi (21-35 kPa) on Day 1. Hearing tests, including auditory brainstem
response (ABR), distortion product otoacoustic emission (DPOAE), and middle latency responses (MLRs),
were performed on Day 1 (pre- and post-blast) and on Days 4, 7, 14, and 28, respectively.
Results
In ears without HPDs, ABR threshold shifts (elevations) decreased from 30-40 dB to 5-10 dB over 28 days,
which were observed for both pre-drug and post-drug groups. For protected ears, in pre-drug group the
threshold shifts were all under 15 dB; in post-drug group the threshold shifts were below 5 dB on Day 28 with
a large reduction on Day 4. ABR wave I amplitude in response to stimuli from 80 to 100 dB SPL at 8 kHz in
open ears was lower than that of protected ears. The latency increase was more in open ears than in protected
ears in both pre- and post-drug groups. MLR amplitude in response to 80 dB stimulus at 500 Hz decreased
over a time period of 28 days with the most prominent decrease from Day 1 to Day 4.
Conclusions
This study on animal model of chinchilla with liraglutide treatment after repeated exposures indicated that: 1)
liraglutide’s therapeutic function on mitigation of hearing damage after blast showed different influences in
open and protected ears; 2) the two types of drug treatment resulted in variable outcomes of hearing function
results. The histology study on brain tissue changes will be included in future studies.
Acknowledgement: This work was supported by DOD W81XWH-19-1-0469.
PD 6.2 Brainstem Auditory Physiology in Children With Listening Difficulties
Lisa Hunter
Cincinnati Children’s Hospital
Background
Children with Listening Difficulties (LiD) but audiometrically normal hearing (up to 8 kHz) have impaired
ability to perform a variety of spectrotemporal and speech-in-noise tasks relative to their typically developing
(TD) peers (Ferguson et al., 2011, JSLHR 54:211). These tasks are behavioral and thus rely upon cognitive
skills, an important confound. Electro/physiologic techniques that do not rely upon behavioral responses can
be used to investigate neural processing of central auditory pathways and provide more specific and localized
pathway function.
Methods
134 children aged 6-14 years with normal peripheral hearing thresholds (<20 dB HL .5-8 kHz) were enrolled
based on a standardized listening difficulty questionnaire (ECLiPS, Barry & Moore, 2015, London: MRC).
The TD group (n=71) and LiD group (n=63) were assessed with auditory brainstem response (ABR) to
measure neural activity from the inner hair cell to the lateral lemniscus. Two-channel ABR was measured
with gold leaf electrodes in the ear canal to improve click-evoked recording of the cochlear summating and
auditory nerve action potentials. Wideband middle ear muscle reflex (MEMR) growth functions were evoked
using clicks with broadband noise (BBN) and pure tone stimuli (0.5 to 2 kHz) while simultaneously recording
middle ear power changes. Medial olivocochlear reflexes (MOCR) were evoked binaurally with use of
transient otoacoustic emissions in a forward masking paradigm, to separate the click stimulus from the
binaurally presented broadband MOCR elicitor. Temporal encoding was measured using transposed tones
(100 Hz modulation, 4 kHz carrier, 40-100% modulation depth) to measure 64-channel envelope-following
responses (EFR) (Wang et al., 2019, Neuroscience, 407:67).
Results
Surprisingly, ABR latencies were significantly shorter for the LiD than for the TD group for Wave III and
interpeak latencies, but there were no latency or amplitude group differences for SP or Waves I, V. Shorter
ABR Wave III latency was related to poorer ECLiPS scores. LiD participants had steeper MEMR growth
functions compared to the TD group. Shallower MEMR growth functions were found for individuals with
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extended high frequency hearing loss (10-16 kHz) or history of PE tubes. Poorer ECLiPS scores correlated
with steeper MEMR growth functions. MOCR and EFR measures were not significantly different between
the LiD and TD groups for any variables.
Conclusions
Our finding of shorter ABR Wave III latencies is consistent with a previous report in children with suspected
auditory processing difficulties (Purdy et al., 2011, JAAA 13:367). Steeper MEMR growth functions were
recently reported in aminoglycoside exposure, suggesting neural involvement (Westman et al., AJA, in press).
These results may reflect compensatory cortical input to brainstem pathways in the face of listening difficulties
and possible differential development of central auditory function, although neither the role of descending
pathways nor the direction of cause and effect is currently known.

PD 6.3 Age-Related Hearing Loss is Associated With Biased Auditory Nerve Central Synaptopathy
Ruili Xie
The Ohio State University
Background
Sound information is transmitted from the cochlea to the brain by different subtypes of spiral ganglion neurons
(SGN), which show varying degrees of vulnerbility under pathological conditions. Selective cochlear
synaptopathy, the preferential damage of SGN peripheral synapses of the low spontaneous rate/high threshold
subtype (type Ic), has been recognized as one of the main mechanisms of hearing loss. The organization and
function of the auditory nerve (AN) central synapses from different subtypes of SGNs remain unclear,
including how different AN synapses reassemble onto individual target neurons in the cochlear nucleus (CN),
and how they differentially change during hearing loss.
Methods
Combining immunohistochemistry with electrophysiology, we investigated the convergence pattern and
subtype-specific synaptopathy of AN synapses at the giant endbulb of Held, as well as the response properties
of their postsynaptic bushy neurons in CBA/CaJ mice of either sex under normal hearing and age-related
hearing loss (ARHL).
Results
We found that calretinin-expressing (type Ia) and non-calretinin-expressing (type Ib/Ic) endbulbs converged
along a continuum of different ratios onto individual bushy neurons with varying physiological properties.
Endbulbs degenerated during aging in parallel with ARHL. Furthermore, the degeneration was more severe
in non-calretinin-expressing synapses, which correlated with a gradual decrease in bushy neuron
subpopulation predominantly innervated by these inputs. These synaptic and cellular changes were profound
in middle-aged mice when their hearing thresholds were still relatively normal and prior to severe ARHL.
Conclusions
Our findings suggest that biased AN central synaptopathy and the correlated shift in CN neuronal composition
play significant roles in weakened auditory input and altered central auditory processing during ARHL.
PD 6.4 Cochlear Nucleus Small Cells Use Olivocochlear Input to Encode Stimulus Intensity
Adam Hockley
University of Michigan
Background
The small cell cap (SCC) of the cochlear nucleus (CN) is a major target of the low/medium spontaneous rate
auditory nerve fibers, which are susceptible to synaptopathy. Small cells project to medial olivocochlear
(MOC) neurons, which in turn have branched collaterals back into the SCC. The potentially unique properties
of neurons of the SCC suggest it may be important in coding sound intensity.
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Methods
To characterize the SCC circuit, multichannel, in vivo recordings of single CN units were obtained from
anesthetised guinea pigs. Small cells were identified by their responses to tone bursts and their positions in
the CN along the electrode shank.
Results
Small cells showed a unique response profile consisting of low spontaneous rates, long first spike latencies,
high thresholds and steep suprathreshold rate-intensity slopes. Blocking cholinergic input to small cells
increased their thresholds and reduced their supra-threshold activity indicating that the response properties are
at least in part due to excitatory MOC-to-SCC input. MOC-to-SCC input would thus counteract the MOC
suppression of cochlear output. Conversely, electrically activating MOC neurons in the ventral nucleus of the
trapezoid body reduced small-cell thresholds and increased their supra-threshold activity.
Conclusions
Small cells preserved responses to tones in the presence of background noise, and precisely coded amplitudemodulated noise. Their accurate encoding of tones-in-noise and amplitude-modulated sounds suggests that
they small cells are critically important for encoding speech perception in background noise.
PD 6.5 Speech-In-Noise Frequency Following Responses in Neonates: Too Little, Too Early?
Steven Losorelli
Stanford University
Background
Suprathreshold auditory deficits in neural encoding have been associated with a number of behavioral deficits,
including difficulties perceiving certain acoustic contrasts, understanding speech in noise, and language delay.
These deficits in encoding have often been revealed by the frequency-following response (FFR), which is an
evoked potential that consists in part of phase-locked oscillations at frequencies present in the stimulus. In
many instances associations between the strength of the FFR and behavioral abilities have been revealed by
presenting the signal in background noise. These data suggest that the FFR is robust in normal-hearing
listeners, but individuals at risk for suprathreshold auditory deficits may have nervous systems which are less
resistant to signal degradations. In this way, deficits not normally present in quiet can be observed by stressing
the system in noise. While this approach has been widely used, it is less clear whether it is optimally suited
for all patient populations. For example, toxic levels of bilirubin in the bloodsteam (hyperbilirubinemia) is
particularly common in neonates and is often associated with neurologic dysfunction. Thus, these infants may
be at particular risk for disruptions in suprathreshold neural encoding. Recently, we demonstrated that infants
with hyperbilirubinemia have reduced speech evoked FFR strength compared to well-baby counterparts. Here,
we examined whether presenting the signal in noise increases the sensitivity of the FFR to effects of
hyperbilirubinemia.
Methods
Here, we recorded FFRs from a single Fz electrode in 14 infants with hyperbilirubinemia (measured via
transcutaneous bilirubin (TcB) levels). FFRs were recorded using a 40-ms synthesized /da/ speech syllable
with an f0 of 100 Hz presented at 80 dB SPL with 2000 repetitions and a 20-ms inter-stimulus-interval. There
were two conditions of this stimulus, /da/quiet and /da/noise, (+ 10 dB SNR). FFRs were recorded to each
stimulus prior to and following phototherapy treatment. For data analysis we calculated the root mean square
(RMS) of the fast Fourier transform (FFT) over F0 (75-175 Hz) and the first formant (F1, 175–750 Hz) for
each infant.
Results
Consistent with our previous results, the FFR was weaker in infants with hyperbilirubinemia prior to
phototherapy and improved after treatment. However, there were no significant differences between quiet
and noise at either timepoint, in either the F0 or F1 frequency range.
Conclusions
These results suggest that the FFR in immature and highly vulnerable populations is already of sufficiently
poor quality such that additional degradations of the signal do not further impair the response. This suggests
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that additional research is needed to determine optimal stimulation parameters to assess suprathreshold
auditory deficits in encoding for neonates, or other populations at risk for neurologic deficits.
PD 6.6 Distribution of Excitatory and Inhibitory Inputs on Human Coincidence Detector Neurons
Randy Kulesza
Lake Erie College of Osteopathic Medicine
Background
The auditory system is unique among sensory systems because it is organized according to sound frequency
instead of stimulus location. As a result, a complex neural circuitry is required to encode the location of sound
sources in the environment. This requires precisely timed convergence of excitatory and inhibitory inputs from
both ears. This is accomplished, at least in part, by segregation of inputs onto coincidence detector neurons in
the medial superior olive (MSO). Arrangement of these inputs onto MSO neurons has been described in the
gerbil, however it is unclear whether similar circuits and synaptic arrangements are employed by human MSO
neurons.

Methods
To investigate this, we studied brainstem tissue from human subjects (n=13, 5 F/8 M, ranging in age from 5795 years of age) and used immunohistochemistry to map the distribution of excitatory and inhibitory terminals
on MSO neurons. Specifically, we examined the distribution of calretinin (CR), the vesicular glutamate
transporter (VGLUT), the vesicular inhibitory amino acid transporter (VIAAT), the glycine receptor (GlyR)
and the glycine receptor anchor protein, gephyrin.
Results
Our results indicate that on both the cell body and proximal dendrites, inhibitory terminals significantly
outnumber excitatory terminals. This is further supported by heavy gephyrin labelling on MSO soma and
dendrites. However, on more distal dendrites VIAAT and VGLUT terminals are more uniformly distributed.
Conclusions
These results support a preferential distribution of inhibitory inputs on the soma of MSO neurons but also that
inhibitory inputs are distributed along both proximal and distal MSO dendrites. We interpret these findings to
indicate that the pattern of inputs to the human MSO largely matches what has been found in animal models
of low-frequency hearing. However, inhibitory input may be more robust in humans and this may be a result
of our extensive repertoire of vocalizations.
PD 6.7 One Bad Ear Interrupts Binaural Processing: Brainstem Modeling and Normal-Hearing
Psychophysics
Sean Anderson
University of Wisconsin-Madison
Background
Many listeners with hearing loss experience differences in outcomes between their two ears that limit binaural
performance, like the use of interaural timing differences (ITDs). Importantly, listeners with cochlear implants
(CIs) face additional limitations contributing to asymmetric outcomes between ears (e.g., surgical limitations,
disease etiology). In these cases, it is not clear whether binaural performance is limited by: (1) interaural
asymmetry itself, or (2) performance with the poorer ear for listeners with CIs. Most published physiological
recordings from binaural cells in the brainstem were conducted under conditions with interaurally symmetric
temporal encoding. Therefore, models of binaural integration in combination with psychophysical data
provide an excellent tool for investigating the role of interaural asymmetry. It was hypothesized that, together,
results from a model of binaurally sensitive cells and psychophysical results would show that ITD utility
decreases according to the fidelity of temporal encoding in the worse ear.
Methods
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The present study used an existing model of the lateral superior olive (Ashida et al., 2016, PLoS Comput Biol,
12(6), e1004997) that has previously demonstrated sensitivity to ITDs. Stimuli were 500 pulse-per-second
acoustic pulse trains (i.e., Gaussian-enveloped tones with a 4-kHz carrier frequency), simulating CI
stimulation, that were amplitude-modulated (AM) using a 100-Hz sine wave. The modulation depth was
varied to include all combinations of 20% or 50% in each ear in separate testing conditions. A wholewaveform ITD was applied. Stimuli were presented to listeners with normal hearing (NH) via headphones.
An intracranial lateralization task was used to determine perceived lateralization of sounds within the head,
providing a measure of ITD utility.
Results
Results from the model showed that spike rates of model cells were sensitive to changes in AM depth. Changes
in spike rate from 0 to ±800 microsecond ITD were smaller when one or both sides had lower (20%) compared
to higher (50%) modulation depth. Similarly, psychophysical results showed smaller ranges of lateralization
in conditions with lower (20%) sinusoidal AM depth in one or both ears compared to higher (50%) AM depth.
Conclusions
The model cells and data from listeners with NH suggest that the ear with poorer fidelity of temporal
representations predicts utility of ITDs, supporting the hypothesis. These results imply that binaural outcomes
are limited by the poorer ear, potentially due to mechanisms in the brainstem. Since differences in outcomes
across the ears is commonplace for patients, as scientists and clinicians we should aim to mitigate issues that
affect temporal encoding in the ear with poorer outcomes to optimize binaural hearing.
Work supported by NIH-NIDCD F31 DC018483-01A1 to SRA and DC003083 to RYL.
PD 6.8 Convergence of Cholinergic Circuits in the Cochlear Nucleus
Nichole Beebe
Northeast Ohio Medical University
Background
Acetylcholine (ACh) modulates auditory responses of many cells in the cochlear nucleus (CN) and is
implicated in temporal processing, neuronal excitability and plasticity. Major cholinergic inputs to the CN
arise from the superior olivary complex (SOC) and pontomesencephalic tegmentum (PMT). SOC cells,
including olivocochlear cells as well as olivo-CN cells that do not project to the cochlea, provide detailed
auditory feedback to the CN. PMT cells are associated with arousal, sleep/wake cycle, reward and sensory
gating. Olivocochlear axons terminate in the granule cell area (GRCA) and small cell areas of the ventral CN
(VCN). Feedback functions have been associated with these projections. It has been assumed that PMT cells
and/or the non-olivocochlear cells in the SOC provide cholinergic inputs to the remaining regions of the CN
(i.e., to the magnocellular parts of VCN and to the DCN), but the termination patterns of these cholinergic
groups are not known.
Methods
We injected viral vectors carrying a Cre-dependent fluorescent protein gene into normal-hearing
ChATCre,Cdh23WT mice to label cholinergic projections from the PMT or the SOC
Results
Injections into the SOC labeled thick and thin cholinergic axons bilaterally in the CN, with the densest
projections to the GRCA and small cell areas of the VCN. Additional thick and thin axons with boutons were
scattered in magnocellular regions, and a limited number were present across DCN layers. Injections of vector
into the PMT labeled axons bilaterally in the CN. Labeling was densest in the GRCA, with moderate labeling
in the deep and fusiform cell layers of the DCN. Sparser labeling was present in the DCN molecular layer and
diffusely in the magnocellular parts of the VCN. We also saw labeled axons in the CN in a case where the
injection labeled multiple cholinergic nuclei, but no cells in the SOC or PMT. This indicates an additional
cholinergic input to the CN, likely from the lateral paragigantocellular nucleus (Stornetta et al. 2013, Brain
Struct Funct, 218:455).
Conclusions
The results suggest convergence of cholinergic projections in several areas of the CN. The GRCA and adjacent
small cell areas of the VCN receive dense cholinergic inputs from both the SOC and the PMT. Cholinergic
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input to granule cells may modulate multisensory effects on DCN circuits. The DCN also receives direct input
from the PMT and in a more limited manner from the SOC, suggesting cholinergic modulation at multiple
points in DCN circuits. Finally, the magnocellular parts of the VCN receive inputs from both the PMT and
the SOC. The multiple sources of cholinergic input likely reflect a range of functions, from temporal
processing to arousal and plasticity, that could modulate multiple ascending auditory pathways.

12:30 p.m. - 2:30 p.m.
Symposium 7
SYMP 7. Hearing and Donut: Cells and Circuits of the Auditory System - In Memory of Donata
Oertel
Chair: Nace Golding
University of Texas at Austin
Co-Chair: Larry Trussell
Oregon Health & Science University, Oregon Hearing Research Center
Co-Chair: Robert Fettiplace
University of Wisconsin-Madison
SYMP 7.1 Donata Oertel: Life and Pioneering Career in Auditory Neuroscience
Ruth Litovsky
University of Wisconsin
Donata Oertel mastered the art of weaving her success as a world-class scientist with her devotion to family,
colleagues and friends. This talk will cover Donata's early seminal work in sensory processing in invertebrates,
quantitative studies of voltage-gated ion channels, and in vivo studies of auditory processing in mammals. We
will then weave stories about Donata’s development of the first slice preparations to study the circuitry and
function of the cochlear nucleus using cellular neurophysiological approaches, as well as her collaborative
work. The talk will also visit Donata's different career stages, leadership, commitment to mentoring and role
modeling for women.
SYMP 7.2 Donata Oertel: Life and Pioneering Career in Auditory Neuroscience
Nace Golding
University of Texas at Austin
Donata Oertel mastered the art of weaving her success as a world-class scientist with her devotion to family,
colleagues and friends. This talk will cover Donata's early seminal work in sensory processing in invertebrates,
quantitative studies of voltage-gated ion channels, and in vivo studies of auditory processing in mammals. We
will then weave stories about Donata’s development of the first slice preparations to study the circuitry and
function of the cochlear nucleus using cellular neurophysiological approaches, as well as her collaborative
work. The talk will also visit Donata's different career stages, leadership, commitment to mentoring and role
modeling for women.
SYMP 7.3 Disparate Electrical Properties of Auditory Hair Cells
Robert Fettiplace
University of Wisconsin-Madison
An idea pioneered by Donata Oertel is that different classes of cochlear nucleus neurons can be distinguished
by their intrinsic electrical properties that are relatable to biological function. A similar principle applies to
auditory hair cells which differentially filter the receptor potential according to their cochlear location. In nonmammals, potassium and calcium channels electrical tune the hair cell to a frequency dictated by channel
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density and kinetics. In mammalian outer hair cells, potassium channels vary along the cochlea, and play a
major role in determining the cell time constant, thereby enabling more faithful representation of higher
frequency sounds.
SYMP 7.4 Local Circuitry of Stellate Cells of the Ventral Cochlear Nucleus
Larry Trussell
Oregon Health & Science University, Oregon Hearing Research Center
Stellate cells of the ventral cochlear nucleus (VCN) receive auditory nerve input yet have diverse outputs and
physiological roles. Among Donata's favorite cells were the excitatory T-stellate cells, which project broadly
throughout the cochlear nucleus, superior olive, and midbrain. L-stellate and D-stellate cells are inhibitory but
differ dramatically in their target regions. We are examining synaptic connectivity between T- and L-stellate
cells in mouse brain slices, contrasting the excitation L-cells receive directly from auditory nerve or indirectly
via the T-stellate cell. The data indicate the presence of a narrow-band feedforward excitatory system that
could shape tuning within the VCN.

SYMP 7.5 Circuits of the Cochlear Nucleus: What We Learned From Donata
Paul Manis
UNC Chapel Hill
Through her careful recordings and detailed morphological reconstructions of cells in brain slices, Donata
Oertel revealed and clarified many aspects of the cells and circuitry of the cochlear nucleus. I will discuss
some of what she revealed about these circuits, and how her work has influenced our own investigations as
well as those of others. I will then present a conceptual and computational hypothesis about how these circuits
may operate across the cochlear nucleus to integrate fundamental representations of the acoustic environment.
SYMP 7.6 Cellular and Molecular Features of the Olivocochlear Efferent System
Lisa Goodrich
Harvard University
Auditory processing in the cochlear nucleus complex (CNC) relies both on incoming afferent signals from the
cochlea and modulation by descending inputs from the brainstem. Efferent feedback is far-reaching and
diverse, with possible effects on hearing in noise, binaural hearing, and protection from acoustic trauma. We
profiled the molecular and anatomical features of developing and mature olivocochlear neurons, focusing on
differences between the medial olivocochlear neurons, which innervate outer hair cells and the CNC, and the
lateral olivocochlear neurons, which innervate SGN terminals in the cochlea. These findings offer new insights
into how efferents impact auditory circuit assembly and function.
SYMP 7.7 Temporal Coherence Processing From Brainstem to Cortex
Matthew McGinley
Baylor College of Medicine
Precise cross-frequency temporal coordination is prominent in natural sounds, including speech. However, the
neural circuit mechanisms that encode this temporal coherence are poorly understood. Previously, we showed
that the exquisite sensitivity of octopus cells in the cochlear nucleus to broadband sound transients results in
part from compensating the cochlear traveling wave delay with their dendrites. Currently, we study the cortical
circuit mechanisms by which motivated and spontaneous shifts in attentional (listening) effort enhance
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detection of weak temporal coherence in tone clouds. In future, we hope to understand the transformations
along the auditory pathway that make sense of temporally coherent sounds.
SYMP 7.8 Octopi and Squid: Arms-Race for Temporal or Rate Tuning?
Philip Joris,
KU Leuven
Octopus neurons are the most extreme temporally specialized cells in the auditory (and perhaps entire) brain,
which make them intriguing but also difficult to study. Using a range of in vivo recording and labeling
methods, we examined the hypothesis of Donata Oertel and colleagues that tonotopic ordering and dendritic
delays compensate for cochlear delay. Using sinusoidal amplitude modulation, click trains, and Schroeder
harmonic complexes, we find not only exquisite temporal tracking but also unexpected rate tuning which can
be tied to subthreshold events. Moreover, the physiological and anatomical data suggest two subpopulations,
which we have termed octopus and squid neurons.

12:30 p.m. - 2:30 p.m.
Symposium 8
SYMP 8. 3D Printing in Otolaryngology
Chair: Verena Scheper
Hannover Medical School
Co-Chair: Anil Lalwani
Columbia University College of Physicians and Surgeons
SYMP 8.1 An Introduction on 3D Printing
John Hornick
nScrypt
John Hornick, author of the award-winning book, 3D Printing Will Rock The World, shares his insight on
how 3D printing, 3D manufacturing, and biomanufacturing are revolutionizing health care today, and where
they may lead, such as bioprinting the big five, bioprinted organ replacements versus biomanufactured organ
substitutes, and the use of biomimicry for the creation of products for healthcare and beyond.
SYMP 8.2 Microneedles to Safely Perforate the Round Window Membrane Fabricated via Hybrid
Additive Manufacturing Process
Jeffrey Kysar
Columbia University
The Round Window Membrane (RWM) can serve as a portal to the cochlea across which therapeutics can be
delivered and perilymph can be aspirated. Safe perforation of the RWM is challenging due to its small size
and inaccessibility. We have developed a suite of ultra-sharp microneedles that can perforate the guinea pig
RWM in a minimally traumatic manner that leads to healing within 72 hours and that that does not induce
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long-term hearing loss. The fully metallic microneedles are fabricated with a unique hybrid additive
methodology that combines nanometer scale 3D printing, electrodeposition and electroless methods.
SYMP 8.3 3D Printing in Tympanic Membrane Repair
Aaron Remenschneider
Massachusetts Eye and Ear Infirmary
As a result of chronic ear infections, trauma and blast injury, millions of patients are affected by eardrum
tympanic membrane perforations. Tympanoplasty is a common surgical procedure that typically utilizes
harvested tissue from the patient to heal the eardrum; however, graft failure and persistent conductive hearing
loss are frequent surgical outcomes. Advances in the field of 3D printing now permit novel bioabsorbable
materials to be employed in the generation of biomimetic eardrum grafts that may readily address persistent
healing and hearing challenges in tympanoplasty, and may also afford the potential for in-office eardrum
repair, decreasing surgery associated morbidity.
SYMP 8.4 3D-Printing of Microsystems for in Vivo Drug Delivery
Farzad Forouzandeh
Rochester Institute of Technology
Microsystems have enabled novel and effective drug delivery concepts in recent decades. 3D-printing is a
low-cost and quick fabrication method enabling miniature, scalable, and modular devices for drug delivery in
animal models. Here we present a 3D-printed implantable microsystem for size-constrained drug delivery
applications, comprising a phase-change peristaltic micropump and a refillable microreservoir. The
micropump demonstrated flow rates of 10-100 nL/min with 2.4 nL/min resolution. The microreservoir novel
pre-compressed 1-mm-thick silicone septum enables leak-free refills in an ultra-thin form factor. This 3mm
thin drug delivery microsystem was implanted in mice with delivery of salicylate to the round window
membrane.
SYMP 8.5 Development of Patient-Specific Drug-Releasing Round Window Niche Implants for the
Treatment of Inner Ear Diseases
Farnaz Matin
Medical University Hanover
The modern therapy of inner ear disorders is increasingly being determined by local drug delivery (LDD).
One new approach for minimally invasive LDD is a patient-specific biodegradable drug implant that fits
exactly into the round window niche. This implant will achieve a site-specific release of active compounds,
keep the drug in place for a few weeks to get a much more dwell time and keep the LDD time extended.
Different additive manufacturing processes such as Fused Deposition Modeling, Stereolithography, Digital
Light Processing and their combination with Micro Injection Molding may address this need of
intraoperatively developed implants.
SYMP 8.6 Additve Medicine 4.0 - From Silicone to Tissue
Theodor Doll
Hannover Medical School
Whilst in the non-medical field we see standard 3D printing in every modern lab, the printing of materials for
real medical use is still a challenge since materials and processes must be validated. We show actual technical
developments, the necessary regulatory framework and point to a future, where active medical implants are
hybridly manufactured as well as scaffolds and tissue. This all will be realized with an overarching digital
planning chain, where not only the use of patient imaging data for product design will be the implemented
standard but also for outcome prediction optimization by design variation.
pg. 27

The Association for Research in Otolaryngology (ARO)
The 44th Annual MidWinter Meeting
Sunday, February 21, 2021, U.S. Eastern Time Zone

12:30 p.m. - 2:30 p.m.
Symposium 9
SYMP 9. The Next Challenges of Vestibular Implantation in Humans
Chair: Joost Stultiens
Maastricht University Medical Center
Co-Chair: Raymond van de Berg
Maastricht University Medical Center
SYMP 9.1 Providing Angular Motion Information Through a Vestibular Implant, Experience in
Animal Models
Richard Lewis
Harvard Medical School
We have studied prosthetic semicircular canal function in non-human primate models, focusing on behaviors
that depend on vestibular inputs (eye movements, balance, perception), sensorimotor integration, and the
brain’s ability to identify motion information provided within a noisy neural environment. We have found
that prosthetic information improves the three-dimensional vestibulo-ocular reflex (VOR), postural stability
during head turns, and perceptions of head orientation. Prosthetic cues interact with physiologically with
otolith, visual, and efferent commands as deduced by behavioral responses. Finally, the VOR threshold
lessens over time during chronic stimulation, indicating that the brain learns to improve signal extraction
within a noisy environment.
SYMP 9.2 Safety and Efficacy of Long-Term, Continuously Motion-Modulated Stimulation for
Treatment of Bilateral Vestibular Hypofunction – and Update on Results of the Multichannel
Vestibular Implant Early Feasibility Study
Charles Della Santina
Johns Hopkins School of Medicine
Multiple groups have shown that electrical stimulation targeting the human vestibular nerve can drive reflex
eye movements and enhance gaze and postural stability; however, nearly all such experiments have been
limited to occasional bouts of stimulation in a laboratory setting. To evaluate safety and efficacy of long-term,
continuously motion-modulated vestibular implant stimulation as a sensory restoration treatment, the
Multichannel Vestibular Implant Early Feasibility Study (NCT02725463) has since 2016 followed subjects
who use vestibular implants continuously (24 hr/day) or daily (taking off at bedtime). We will provide an
update on posture, gait, hearing and quality of life results of this trial.
SYMP 9.3 The Impact of Intralabyrinthine Vestibular Implantation on Hearing
Lisa van Stiphout
Maastricht University Medical Center+
The vestibular implant aims to restore vestibular function for patients suffering from bilateral vestibulopathy
by providing motion information through an electrical signal. The impact on hearing of the surgery is unknown
to date, while more than half of the intended beneficiaries do not suffer from hearing loss. Research in animals
and in patients with advanced Meniere’s disease produced inconclusive results. The former studies showed
limited hearing deterioration, while the latter showed a very severe hearing deterioration in all four patients.
The present study aims to assess the risk of hearing deterioration during intralabyrinthine implantation and to
identify responsible surgical steps.
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SYMP 9.4 Early Subject Experience With a Vestibular and Cochlear Implant
James Phillips
University of Washington
Vestibular disorders and hearing loss are often encountered together. In some cases, the same disease process
affects both sensory systems. In other situations, the treatment of vestibular dysfunction results in hearing
and vestibular loss. For such patients, a combined neural prosthesis that can stimulate both the vestibular end
organs and the cochlea independently may provide significant benefit. The UW combined 2x2x2x16
vestibular and cochlear implant provides both auditory and vestibular stimulation through a single device.
The studies described here investigated the degree to which controlled, selective, and independent stimulation
in each modality is delivered by this device in human subjects.
SYMP 9.5 Stimulation Paradigms for Vestibular Implants: Stimulus Profile and Multimodal
Activation
Anissa Boutabla
University of Geneva
The basic parameters of the electrical stimulus profile used in vestibular implant devices (phase duration, rate,
etc.) have to be carefully chosen in order to optimize the efficacy of stimulation. We present data on how the
electrical profile influences the dynamic range available for stimulation and the extent to which the different
vestibular pathways are activated. While shorter phase durations and slower pulse rates maximized the
dynamic range available for stimulation, current modulation depth appeared as the main factor to maximize
response amplitude. The actual possibility of selective stimulation of each vestibular pathway deserves further
investigation.
SYMP 9.6 Histopathological Findings After Intralabyrinthine Electrode Insertion
Rudolf Glueckert
Medical University Innsbruck
Atraumatic positioning of thin vestibular electrodes is a big challenge for implantation, complicated by the
variability of human microanatomy. Prototype electrode testing includes insertion in human temporal bones.
To evaluate a possible trauma and electrode positioning we combined micro computed tomography with fast
histopathologic processing.
The membranous labyrinth proofed remarkably resistant within semicircular canals. We did not detect
ruptures of endolymphatic membranes. The more the electrode advanced ampullar structures the higher degree
of tissue damage was visible. Compression and ruptures of ampullar epithelium may be critical to restore
function. Imaging, tissue processing techniques and insertion traumata will be presented.

3:00 p.m. - 5:00 p.m.
Podium 10: "Anatomy and Physiology of the Inner Ear"
Moderators: Dr. Jung-Bum Shin and Dr. Catherine Weisz
Category: Inner Ear: Anatomy & Physiology
PD 10.1 The Development of the Microscopic Anatomy of the Inner ear: Du Verney (1683) to Corti
(1851)
Robert Ruben
Albert Einstein College of Medicine
Background
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The development of anatomical knowledge of the inner ear has not been detailed nor made available in English
Methods
The primary sources of the pertinent publications were translated into English for this study
Results
Knowledge of anatomy of the inner ear was obtained by direct observation from Vesalius in 1543 to Perrault
in 1680. The earliest documentation of the use of magnification was that used by Guichard Joseph Du Verney
in his 1683 Traite de l'organ de l'ouie; contenant la Structure, les Usages et les Maladies de toutes les parties
de l' Oreille. This was evidenced by his request for laboratory supplies made to the treasury of Louis XIV
in1687 and 1691 that included reimbursement requests for a microscope and two ‘very strong’ magnifying
glasses. He illustrates the change of the size of the width the spiral lamina and the innervation of the inner ear.
During the next 150 years magnification was used to describe structures of the inner ear. Valsalva in De aure
humana tractatus of 1704 publishes data on precise measurements of the semicircular canals which he
purported to show the differences in human auditory perception as at that time the semicircular canals part of
the of hearing apparatus. Cotugno in 1761 established that within the inner ear there was fluid and not air.
Scarap in 1772 and 1779 illustrates the detailed neural innervation of all parts of the ear.
Microscopy and its product histology became the lens through which the anatomy of the ear was appreciated,
began at the very end of the 18th century. Throughout the 19th century the application of microscopy to the
study of the ear came about through the development of fixation, mounting, staining, microscopes and the
microtome. Samuel Thomas Soemmerring in Icons organic auditus humani, 1806 depicts the cochlear
magnified 20 X for the first time as having three compartments. There is no cellular detail of the middle
compartment. Friedrich Christian Rosenthal in 1823 publishes About the structure of the cochlea in the human
ear in where describes the canal which contains the spiral ganglion cells in two illustrations. Guilbert Breschet
in his 1836 Recherches anatomiques et physiologiques sur l'organe de l'ouïe et sur l'audition dans l'homme et
les animaux vertébrés presents detailed illustrations of the neural innervation of the spiral lamina and the
labyrinth. The first description of the cellular makeup of the cochlea was that of Alfonso Corti in his1851
Recherches sur L'Organe de l'ouïe des Mammifères. He illustrates the cells which line the scala media
depicting the many cells types observed
Conclusions
The use of magnification over a period of 168 years was developed so that the inner ear became the object of
histological study.
PD 10.2 Multiplex Super-Resolution Microscopy Using Fast-Dissociating, Highly Specific Antibody
Fragments
Takushi Miyoshi
NIDCD/NIH
Background
Multiplex super-resolution microscopy allows researchers to study spatial relationships between molecular
components at a resolution beyond the diffraction limit of standard optical microscopes. Recently, we
developed a super-resolution microscopy technique, IRIS, based on single-molecule microscopy of interaction
between fast-dissociating peptide-fragment imaging probes and their binding targets. With fast-dissociating
imaging probes, IRIS allows sequential multiplex imaging by washing away a current probe so that the next
probe can be utilized. In addition, IRIS can achieve high-fidelity imaging when a dissociation rate of imaging
probes is sufficiently large to rapidly elevate the labeling density of the imaging targets. However, the
application of IRIS had been limited to a few cytoskeletal structures because fast-dissociating, yet specific
peptide-fragments are not easily available. In this study, we established a pipeline to identify fast-dissociating,
highly specific antibodies. We demonstrated multiplex super-resolution imaging using fluorescently labeled
Fab-fragments (Fab-probes) derived from monoclonal antibodies and expanded the application of IRIS to
virtually any antigens.
Methods
To identify fast-dissociating antibodies suitable for generating Fab probes, we developed a screening assay
based on single-molecule TIRF microscopy of antibody-antigen interaction and evaluated monoclonal
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antibodies developed against three epitope tags (FLAG-tag, S-tag, V5-tag) and two F-actin cross-linking
proteins (plastin and espin). Briefly, we prepared multi-well glass-bottom plates crosslinking Protein A/G,
specifically immobilized antibodies from hybridoma culture supernatants, which were confronted with a
solution containing an EGFP-fused antigen. Antibody-antigen interactions were observed using singlemolecule TIRF microscopy to identify antibodies that can capture EGFP-fused antigens but can also release
them quickly. Fab-probes were synthesized by labeling antibodies with DyLight488 or DyLight550 dyes
followed by papain cleavage. Super-resolution images of cultured cells using IRIS methodology were
reconstructed from time-lapse images acquired every 50 ms for 40,000–160,000 frames using 1 nM
DyLight488 Fab probes under a TIRF microscope. Three-dimensional images of vestibular explant cultures
were reconstructed from time-lapse volume scans acquired every 5 sec (100-ms exposure, 0.5-µm slices) using
1 nM DyLight550 Fab-probes under light-sheet microscopy, diSPIM.
Results
Some Fab-probes showed fast-dissociation from antigens with half-lives less than a few seconds and were
highly specific and useful as imaging probes in IRIS. Imaging in cultured cells achieved two advantages using
IRIS, multiplexity and high-fidelity. We also succeeded in three-dimensional imaging of stereocilia F-actin
cores and an actin bundling protein, espin, using diSPIM.
Conclusions
Fab-probes generated from fast-dissociating antibodies can be single-molecule detectors complementing the
many benefits of conventional antibodies. We discovered that fast dissociation is not a rare property of some
specific antibodies even with dissociation from epitopes with half-lives of a few seconds. Multiplex superresolution microscopy using fast-dissociating Fab-probes demonstrated that actin crosslinkers can infiltrate
the dense F-actin cores of stereocilia, perhaps a mechanism to refresh these molecular components while
maintaining the entire structure for a lifetime.
PD 10.3 Immunolocalization of ACE2 the Receptor for SARS-CoV2 in the Normal Human Cochlea
Ivan Lopez
David Geffen School of Medicine at UCLA
Background
Viral infections are well-known to be associated with inner ear dysfunction and have been proposed as the
etiology of sudden sensorineural hearing loss. Congenital cytomegalovirus (CMV) infection, the most
common congenital infection worldwide, is the most common cause of non-hereditary sensorineural hearing
loss in the United States (Haller et al., 2019). Adenovirus-associated gene replacement for recessive inner ear
dysfunction has been used in mouse models of hereditary hearing loss demonstrating a potentially useful
application of viral access to the human inner ear. The endolymphatic sac (ES) and duct monitor homeostasis
of the endolymphatic fluid. Herpes simplex type I and 2, mumps, and cytomegalovirus have been detected in
the ES using immunohistochemistry (IHC), DNA extraction and in situ hybridization (Arenberg et al., 1997;
Bachor et al., 2000; Kumagami, 1996). In the present study we investigate distribution of ACE-2 receptor for
SARS-CoV2 in the normal human inner ear.
Methods
Temporal bones from 6 subjects with normal hearing (65 to 75 years old, 3 male, 3 female) were used in the
present study. Immunofluorescence (IF) and immunohistochemical (IHC) staining were performed in
celloidin-embedded cochlea sections using angiotensin I converting enzyme 2 (ACE-2) mouse monoclonal
antibodies. Secondary fluorescent or HRP labeled mouse antibodies were used for visualization of ACE-2
expression. Detailed IHC analysis was performed in sections containing the mid-modiolus. Digital images
were obtained using a Leica (SP8) laser confocal microscope.
Results
ACE2 receptor immunoreactivity (IR) was localized by IF and IHC in formalin fixed celloidin embedded
sections of the human cochlea from normal temporal bones obtained at autopsy (no audio-vestibular
disorders). ACE2-IR was localized in blood vessels of the spiral ganglia (SG). Specifically, ACE-IR was seen
in vascular endothelial cells, but not in the spiral ganglia neurons or satellite cells. ACE2-IR was seen in the
epithelial cells of the Reissner’s membrane (scala media). Mesenchymal cells located at the scala vestibuli
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were non-IF for ACE2. ACE2-IR was also seen in the apical portion of supporting cells of the organ of Corti
(Hensen's cells) but not the inner or outer hair cells. ACE2-IR was also seen in epithelial cells of the spiral
prominence and marginal cells of the stria vascularis cells. Spiral ligament fibrocytes were non-IR. ACE2-IR
was detected in the apical portion of epithelial cells in the ES and duct.
Conclusions
ACE-2 expression in blood vessels of the spiral ganglia may allow the entrance of SARS-CoV2 into the
cochlea and inner ear. Within the cochlea, epithelial cells located on Reissner’s membrane, Hensen’s cells,
and outer sulcus cells express ACE2 and may be associated with auditory dysfunction if SARS-CoV2 gains
access at these sites.
PD 10.4 Silencing Pre-Hearing Cochlear Supporting Cells Disrupts Spontaneous Central Auditory
Neural Activity and Alters Sound Processing in Auditory Cortex
Calvin Kersbergen
Johns Hopkins University School of Medicine
Background
Neurons in the developing auditory system experience periodic bouts of electrical activity prior to hearing
onset, before auditory neurons reliably respond to airborne acoustic stimulation, providing an early training
period that is thought to promote survival and maturation; however, the precise roles of this intrinsically
generated activity remain poorly understood. Our previous studies indicate that inner supporting cells (ISCs)
within the cochlea play a critical role in generating this activity by spontaneously releasing ATP, which
initiates a cascade of events culminating in the opening of calcium-activated chloride channels
(TMEM16A/ANO-1). Opening of these channels establishes the ionic force to produce local increases in
potassium that induce coordinated hair cell depolarization.
Methods
To test the hypothesis that spontaneous activity is critical for refinement of auditory circuitry, we sought to
selectively disrupt precise burst firing and coordinated hair cell activation in the pre-hearing auditory system
through cochlea-specific removal of Tmem16a.
Results
Whole cell recordings from Tecta-Cre;Tmem16a fl/fl (Tmem16a cKO) ISCs revealed that loss of this channel
abolished spontaneous electrical activity and osmotic crenations throughout the postnatal pre-hearing period
(postnatal day 0 (P0) to P12). Removal of Tmem16a from ISCs also eliminated spontaneous inward currents
in IHCs; however, IHCs became depolarized and exhibited uncoordinated action potential firing, leading to
residual uncoordinated activity in spiral ganglion neurons (SGNs). Consistent with the critical role for ISCs
in generating spontaneous activity in the cochlea, in vivo neuronal Ca2+ imaging within the pre-hearing
inferior colliculus (IC) of awake neonatal mice revealed that conditional deletion of Tmem16a dramatically
reduced spontaneous neural activity and abolished stereotyped burst firing. Infrequent remaining events were
not spatially restricted to specific isofrequency zones, and instead encompassed most of the IC, exhibiting
unusually high correlation across tonotopic areas and between the two IC lobes.
Despite their dramatically suppressed pre-hearing neural activity, Tmem16a cKO mice did not exhibit gross
changes in cochlear structure or degeneration of hair cells or SGNs after hearing onset. In addition, these mice
retained normal auditory brainstem response (ABR) thresholds, with only subtle changes in ABR waveform
amplitudes, suggestive of a functionally intact auditory nerve. Moreover, in vivo sound-evoked widefield
calcium imaging of the IC and auditory cortex in Tmem16a cKO mice immediately after hearing onset
revealed that the coarse tonotopic organization of neural responses to pure tones were preserved; however, the
amplitude of sound-induced responses was increased, suggesting that more neurons were responsive to a given
stimulus and/or there is enhanced neuronal excitability.
Conclusions
These results suggest that precise correlated activity of neurons within isofrequency domains prior to hearing
onset is necessary to refine precise tonotopy and neural tuning to enhance auditory discrimination.
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PD 10.5 A New Efferent Pathway via Gap Junctions Between Cochlear Supporting Cell to Control
Hearing Sensitivity and Protection From Noise Trauma
Hong-Bo Zhao
University of Kentucky Medical Center
Background
It is critical for hearing that the descending cochlear efferent system provide negative feedback to hair cells to
regulate hearing sensitivity and provide protection from noise. Our previous studies demonstrated that
cochlear supporting cells, which are extensively coupled by gap junctions, also have an important role in the
active cochlear amplification (Zhu et al., 2013; Zong et al., 2017). In this study, we further explored the role
of supporting cells in the regulation of hearing sensitivity and protection of hearing from noise trauma.
Methods
Adult mice and guinea pigs were used. Immunofluorescent staining, patch clamp recording, FRAP
(fluorescence recovery after photobleaching), ABR, and DPOAE were performed to assess the innervation
and function of olivocochlear efferent fibers in the cochlear supporting cells, gap junctional coupling and
function, outer hair cell (OHC) electromotility, and the effect of noise exposure on hearing function.
Transgenic mice with targeted deletion of Cx26 in the cochlear supporting cells were also used.
Results
We found that the medial olivocochlear (MOC) efferent nerves, which project to OHCs, also had innervation
with the cochlear supporting cells. Application of MOC neurotransmitter acetylcholine (ACh) could evoked
inward current in the cochlear supporting cells and reduced gap junctions (GJs) between the cochlear
supporting cells. The reduction of GJs between the cochlear supporting cells could consequently decline
electromotility in OHCs. This effect enhanced the direct effect of ACh on OHC electromotility but had longlasting influence. In vivo experiments further demonstrated that deficiency of this GJ-mediated efferent
control pathway by targeted-deletion of Cx26 expression in the cochlear supporting cells could decline the
regulation of active cochlear amplification. Moreover, deficiency of this GJ-mediated efferent pathway could
lead to loss of the protection from noise trauma.
Conclusions
These data reveal a new cochlear efferent pathway for control of hearing sensitivity. These data also
demonstrate that this supporting cell GJ-mediated efferent pathway is critical for the protection of hearing
function from noise trauma.
PD 10.6 Detecting Cochlear Synaptopathy to Low Frequencies in Animals and Humans Through
Modeling
Raymond Haggerty
University of North Carolina at Chapel Hill
Background
To low frequencies (below ~1500 Hz), potentials in the ongoing portion of electrocochleography (ECochG)
are the cochlear microphonic (CM) from hair cells and the auditory nerve neurophonic (ANN), which is the
evoked potential result of phase-locking across auditory nerve fibers. A reduced neural contribution to the
ECochG is expected to be a marker of cochlear synaptopathy. To identify a reduced neural contribution, we
need to separate the CM and ANN components to determine how much of each is present.
Methods
To determine if there was any ANN, we trained a neural network to categorize an ECochG as ‘ANN Present’
or ‘ANN Absent.’ The training set consisted of average cycles of the ongoing portion to
condensation/rarefaction phase stimuli and the difference and sum curves from normal hearing gerbils to high
(>1500 Hz) and low (<1500 Hz) frequency stimuli. The low frequency data is expected to be ANN Present
and the high frequency to be ANN Absent.
If an ECochG was determined to have ANN, we used a mathematical model (see Fontenot et al. 2017,
Frontiers in Neuroscience, 11:592) to estimate the amount. The model uses parameters determined from
biophysical principles to describe the possible shapes that the CM and ANN can contribute to the mixed signal.
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These parameters are optimized to create a best fit to the ECochG. We then used the magnitudes of the CM
and ANN reported by the model to create the ‘CM/ANN index’ which has a value of one if the response is
completely CM, negative one if it is entirely ANN, and zero if the contributions are equal.
We used this method on low frequency ECochGs from gerbil and human subjects. Gerbil groups included (1)
normal hearing gerbils (NH), (2) NH gerbils treated with the neurotoxin kainic acid to mimic cochlear
synaptopathy, (3) gerbils with high-pass noise induced hearing loss (HP-NIHL), and (4) HP-NIHL gerbils
treated with kainic acid. Human groups included cochlear Implant subjects and other subjects with conditions
providing surgical access to the round window.
Results
The network achieved a 97.5% accuracy in NH animals discriminating ANN Present from ANN Absent
waveforms, using a cohort separate from the training set. Gerbils treated with neurotoxin had a higher portion
of ANN Absent responses, and those cases with ANN had more positive CM/ANN indices than their untreated
counterparts. The distribution of CM/ANN indices in both human groups were similar to the neurotoxintreated gerbil groups.
Conclusions
The neural network was able to identify the presence of the ANN with a high accuracy and both high sensitivity
and specificity. The network and model results indicate cochlear synaptopathy was present in many of the
human subjects.
PD 10.7 Reduction of ABR Wave I Amplitude is Not a Good Indicator of Cochlear Synaptopathy
Navid Banafshe
King's College London
Background
A reduction of the Auditory Brainstem Response (ABR) wave 1 (W1) amplitude has been suggested as an
indicator for noise-induced cochlear synaptopathy. However, noise exposure damages multiple sites in the
cochlea including the stria vascularis and inner and outer hair cells. We therefore hypothesized that an ABR
W1 amplitude reduction may also be associated with other defects in the inner ear.
Methods
To test this hypothesis, we examined two mouse mutants that we had previously found to show a reduced
ABR W1 amplitude and examined inner hair cell (IHC) synapses to ask if there was evidence of synaptopathy.
The mutations affect the genes Klhl18 and Wbp2, associated with abnormal inner hair cell stereocilia and
swelling of afferent nerve endings below inner hair cells, respectively (Ingham et al. 2019, PLoS Biol. 17
e3000194; Buniello et al. 2016, EMBO Mol Med 8:191). We used confocal microscopy to assess numbers,
distributions and volume gradients of synapses marked by CtBP2 for the presynaptic ribbon and GluR2 for
the postsynaptic density in mutants and littermate controls aged 4 weeks. Z stacks were analysed with Imaris
software to export coordinates of synaptic components. Data was processed with Matlab to determine
distribution and size along the modiolar – pillar axis. We also repeated the ABR analysis to measure wave I
amplitudes at the same age used for synaptic studies.
Results
Analysis of ABRs in both mutants revealed significantly reduced ABR W1 amplitudes for the 6 kHz, 12 kHz
and 24 kHz tone bursts in mutant Klhl18 mice, and significantly reduced ABR W1 amplitudes for the 24 kHz
tone in mutant Wbp2 mice. Yet, the assessment of IHC synaptic parameters for the 6 kHz, 12 kHz and 24 kHz
best-frequency regions did not reveal any difference between mutants and littermate controls in the number
of synapses per IHC, the distribution of synapses or volume gradients of pre-and postsynaptic components
along the modiolar-pillar axis. Strikingly, in contrast to findings from CBA/CaJ mice (Liberman et al. 2011,
J Neurosci. 31:801), we found concurrent and not opposing volume gradients of pre-and postsynaptic
components that were both decreasing in volume along the IHC’s modiolar-pillar axis.
Conclusions
Our results suggest that an ABR W1 amplitude reduction can occur in the absence of any loss of cochlear
synapses. This suggests that more advanced tools are needed for a reliable diagnosis of cochlear synaptopathy.
Further, our data indicates that volume gradients of presynaptic ribbons and postsynaptic components can be
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substantially different across mouse strains, with potential implications in IHC synaptic physiology and
auditory nerve function.
PD 10.8 The Efferent Neurons of the Lateral Line System Prevent Signal Distortion and Enhances
Sensing During Swimming
James Lia
The Whitney Lab for Marine Bioscience
Background
Moving animals must distinguish between external and self-generated stimuli. Descending modulatory input
from efferent neurons (corollary discharge) to the lateral line hair cells is the principle mechanism for
addressing self-generate noise during swimming in zebrafish.
Methods
By simultaneously recording lateral line afferent neurons (loose patch clamp configuration) and motor root
activity while deflecting hair cells in 4-6 dpf larval zebrafish, we discovered that corollary discharge sustains
sensing during and after the swimming motor command.
Results
In addition, we found that afferent fiber activity is partially suppressed (vs. completely) during fictive
swimming. This partial suppression turns out to be beneficial in that it prevents signal distortion by narrowing
response intervals and enhances polarized hair cell sensitivity. Targeted ablation of hindbrain cholinergic
efferent neurons eliminated this partial suppression.
Conclusions
Based on our experimental work, a computational model of CD considering vesicle regeneration leads us to
propose that corollary discharge enables a more linear mapping between the actual and predicted consequences
of the motor signal, easing tasks of central computation.

3:00 p.m. - 5:00 p.m.
Podium 11: "Factors and Mechanisms Shaping Outcomes"
Moderators: Dr. Matthew Fitzgerald and Dr. Melissa Polonenko
Category: Auditory Prostheses
PD 11.1 Using Interleaved Stimulation to Measure the Size and Selectivity of the Sustained PhaseLocked Neural Response to Cochlear-Implant Stimulation
Robert Carlyon
University of Cambridge
Background
An objective measure of the sustained neural response to cochlear-implant (CI) stimulation, and of the
selectivity of that activation, could have multiple clinical and scientific applications. Unfortunately, the neural
response is invariably accompanied by a much-larger electrical artefact, thereby hampering its measurement.
We describe a new EEG method that allows one to measure the size and selectivity of the neural response.
The method allows one to use high-pulse-rate stimuli and requires only a single pair of recording electrodes
that can be placed close to the implant if required.
Methods
We interleaved two stimuli with frequencies F1 and F2 Hz and recorded a neural distortion response (NDR)
at F2-F1 Hz. We show that, because any one time-point contains only the F1 or F2 stimulus, the instantaneous
nonlinearities typical of electrical artefacts should not produce distortion at this frequency. However, if the
stimulus is smoothed, such as by charge integration at the nerve membrane, subsequent (neural) nonlinearities
can produce a component at F0=F2-F1 Hz. The order of these two operations (smoothing then nonlinearity)
is crucial. We stimulated a single CI electrode with interleaved sinusoids or interleaved amplitude-modulated
pulse trains such that F2=1.5F1 and with F0 close to 40 Hz or to 90-120 Hz. For F0 close to 40 Hz we then
pg. 35

The Association for Research in Otolaryngology (ARO)
The 44th Annual MidWinter Meeting
Sunday, February 21, 2021, U.S. Eastern Time Zone

measured the selectivity of the NDR by presenting F1 and F2 to different electrodes and at different betweenelectrode distances.
Results
We found no evidence for an NDR when F0 was between 90-120 Hz. However, interleaved amplitudemodulated pulse trains with F0 close to 40 Hz revealed a substantial NDR with a group delay of about 45 ms,
consistent with a thalamic and/or cortical response. The NDR could be measured even from recording
electrodes adjacent to the implant and at the highest pulse rates (>4000 pps) used clinically. Presenting F1
and F2 to different electrodes revealed a broad tuning that, we argue, reflects the overlap between the
excitation elicited by the two electrodes.
Conclusions
The ALFIES (ALternating Frequency Interleaved Electrical Stimulation) method provides a fast objective
measure of the thalamic/cortical response to CI stimulation. Potential applications include improved
interpretation of cases where a CI patient experiences poor speech perception, and evaluation in animal models
of novel therapies designed to improve CI performance. ALFIES may also be applied to non-auditory domains
where it is desired to measure the sustained neural response to electrical stimulation
PD 11.2 Discrimination of Across-Electrode Delay and Electrode Order in Cochlear Implant Users
Ana Šodan
Aix Marseille Univ, CNRS
Background
Two simultaneously presented pure tones with sufficiently separated frequencies yield action potentials which
are temporally delayed due to cochlear filtering. Nevertheless, these two sounds are perceived as synchronous
which has led to the proposition that the cochlear delay may be compensated at a more central level of the
auditory system. However, the exact mechanisms remain elusive and studies in normal-hearing (NH) subjects
present limitations due to auditory filter ringing. As cochlear implants (CI) bypass the basilar membrane, they
may offer the possibility to test this central compensation hypothesis. Furthermore, little is known on the
sensitivity of CI subjects to temporal delays between widely spaced electrodes and it thus remains unclear
whether the NH cochlear delay should be explicitly implemented in CI processors.
Methods
A group of 8 MED-EL CI recipients took part in three psychophysical experiments using direct stimulation.
Experiment 1 was a three-interval “odd-one-out” task where each stimulus was composed of two pulses
presented to the most apical and most basal electrodes. The odd-one-out differed from the other two stimuli
by having a longer electrode delay. Across-electrode delay discrimination thresholds were measured in six
conditions differing in electrode order (apical- or basal-first) and in reference delay (0, 10, or 20 ms). In
Experiment 2, the delay was fixed within-trial and subjects had to discriminate between electrode orders using
the same task. Finally, to mimic a frequency sweep that would excite the entire cochlea, Experiment 3 used
electrode sweeps spanning the whole electrode array. Subjects were asked to rank the perceived duration of
12 sweeps differing in physical duration and/or stimulation order (apex-to-base or base-to-apex). It was
hypothesized that CI users would show better discrimination performance in Expts 1 and 2 for a reference
delay comparable to the physiological cochlear delay found in NH (circa 10 ms). Furthermore, if there is a
central mechanism compensating the cochlear delay more centrally, sweeps mimicking the NH cochlear delay
in Expt. 3 should be perceived as shorter in duration than other sweeps.
Results
Experiment 1 showed thresholds to significantly increase with reference delay (from 11.7 ms to 23.6 ms on
average). However, there was no trend for lower thresholds when the across-electrode delay presumably
approached the physiological delay found in NH. Experiment 2 showed that subjects could discriminate
between electrode orders for reference delays of 10 and 20 ms. Finally, preliminary results of Experiment 3
suggest sweeps in the base-to-apex direction (i.e., mimicking cochlear delay) to be perceived as shorter than
sweeps in the opposite direction.
Conclusions
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These three experiments show that CI users are sensitive to across-electrode delay and to electrode order for
delay values within the range of normal hearing cochlear delays. More data are, however, needed to draw
conclusions on the central compensation mechanism.
PD 11.3 Objective Measures of Pitch and Rate Processing in Cochlear Implant Users
Robin Gransier
KU Leuven, ExpORL
Background
CI users potentially benefit from temporal fine structure (TFS) cues when identifying speakers in a multitalker scenario or for the enjoyment of music. However, most conventional stimulation strategies discard the
TFS cues and predominately provide envelope cues. One way to provide TFS with a CI is by encoding it in
the stimulation rate of the used pulse trains. The success of such an approach is, however, limited by the rate
and pitch processing abilities of the auditory system, which is highly variable across CI users. What limits rate
and pitch processing in the auditory pathway of CI users is currently poorly understood. Electrically evoked
frequency following responses (eFFR) and electrically evoked auditory change complexes (eACC) could
potentially be used as a valuable tool to probe rate processing noninvasively in CI users. Obtaining
electrophysiological responses from CI users can be challenging due to the stimulation artifacts in the EEG,
inherent to electrical stimulation, which is especially troublesome for measuring the eFFR. Here we
investigate the feasibility of measuring eFFRs and eACCs free from stimulation artifacts in CI users.
Methods
We assessed in five adult CI users, the phase-locking activity of the brainstem to pulse rates ranging from 94
to 196 pulses per second with the eFFR and used the eACC to assess pitch/ rate discrimination to rate changes
of 36, 72, and 108%. All pulses were biphasic and were stimulated in monopolar mode. We used a high
sample-rate EEG system to record the EEG and linear interpolation to remove the stimulation artifacts.
Results
Our results show that both the eFFR up to and eACC can be measured in CI users when using a custom-build
EEG system and artifact removal techniques to remove the stimulation artifacts - that obscure the neural
response - from the EEG recording. The eFFR had a latency of ~ 5-6 ms and varied in amplitude across
participants. The eACC could be obtained in most subjects but waveforms differed across participants.
Furthermore, the we found that the blanking procedure limited the maximum pulse rate that can be used to
measure eFFRs in CI users.
Conclusions
eFFRs and eACCs can be measured in CI users when using a custom-build EEG system and artifact removal
techniques to remove the stimulation artifacts. These measures could potentially be used as objective measures
for rate and pitch processing.
PD 11.4 The Relationship Between Focused Threshold Profiles and Vowel Identification in
Individuals With Cochlear Implants
Meisam Arjmandi
Harvard Medical School, Massachusetts Eye and Ear
Background
Cochlear implants are very successful for listeners with severe-to-profound hearing loss. However, the
outcomes are highly variable among both children and adults. Poor electrode-neuron interface (ENI) could be
an important factor that contributes to that variability in outcomes. Focused thresholds are sensitive to various
factors related to the ENI. In this work, we investigate whether the focused threshold profiles were associated
with error patterns in vowel identification in quiet and multi-talker babble conditions. An understanding of
this connection would allow us to develop methods to program the implant to better transmit the cues that are
important for successful vowel identification and/or train listeners to interpret the degraded information more
accurately.
Methods
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Thirty-eight CI listeners (22 adults and 16 children) with Advanced Bionics devices HiRes90k participated in
this study. Nineteen participants were bilaterally implanted (6 adults). Steered quadrupolar threshold were
measured for 14 electrodes (E2-E14) using a focusing coefficient of 0.9 with a sweep procedure. The threshold
profiles were characterized by fitting a second-degree polynomial, leading to five categories of “Apical Up”,
“Flat”, “Basal Up”, “Smile”, and “Frown”. Medial vowel identification was measured in the /hVd/ context for
ten vowels, presented at 60 dB SPL in two conditions of quiet and with a +10 SNR of 4-talker babble.
Listeners’ performance in vowel identification were quantified based on overall percent correct and the errors
in vowel height and vowel advancement dimensions. Each vowel was assigned a feature value between 1 and
5 for height (1= low, 5= high) and for advancement (1= back, 5= front) to represent the general phonological
feature distribution of the vowel space. The errors were calculated as the difference in feature values between
each target and responded vowel.
Results
Focused threshold were variable between individuals and between ears within bilaterally implanted
individuals, suggesting differences in the ENIs. We further found that higher average focused thresholds were
associated with lower vowel identification (%correct) in both quiet and multi-talker noise conditions.
Although threshold profile was not predictive of the overall vowel identification, individuals who had certain
threshold profiles made predictable errors in vowel advancement and vowel height. For example, individuals
with “Basal Up”, “Smile”, and “Frown” profiles made larger advancement error for back vowels.
Conclusions
The overall threshold levels and the shapes of threshold profiles could provide information about the
perception of vowels through the CI based on the errors that listeners make.
PD 11.5 Assessing Cochlear Trauma Using Electrocochleography During Simulated Cochlear
Implantations in Gerbils
Douglas Fitzpatrick
University of North Carolina at Chapel Hill
Background
To improve residual hearing and speech perception outcomes with cochlear implants many surgeries are done
with soft surgical techniques intended to produce minimal trauma during insertion. If the array is contained in
scala tympani good outcomes with electrical stimulation can be achieved, and if there is no damage to
functional hair cells electroacoustic stimulation (EAS) can be used to improve hearing in noisy environments.
At present, there is no method to determine if the electrode is correctly placed in the cochlea or if suitable
cochlear health is preserved for EAS to be successful. A possible solution is to monitor placement and cochlear
health using electrocochleography (ECochG), for recording electrical responses evoked from the cochlea in
response to sound. This capability has recently been implemented into clinically available CIs. However, the
obtained signals are currently limited to one stimulus frequency, typically 500 Hz., and changes in response
amplitude, phase and composition (hair cell vs neural) occur during insertion that are not necessarily
associated with trauma. Consequently, animal studies are needed so that changes in the signals related to
trauma can be identified.
Methods
We previously performed simulated insertions in normal hearing (NH) gerbils or gerbils with a high-pass
noise induced hearing loss (HP-NIHL) intended to mimic sloping hearing loss typical of many CI subjects.
Those experiments identified amplitude drops in the cochlear microphonic (CM) to tones delivered at high
intensity that were associated with events such as perforation of the basilar membrane. Here, the results of
those experiments are re-analyzed, and new experiments performed, to identify changes in amplitude, phase
and composition of the responses. In urethane-anesthetized gerbils insertions of rigid electrodes or electrodes
in silastic carriers are made through the round window or cochleostomy are oriented toward the basilar
membrane or through the basal turn. ECochG recordings to tone frequencies are made in a stepwise fashion.
Amplitudes and phases of responses are determined from Fourier analysis, and composition (hair cell and
nerve) are determined from custom routines that separately analyze the CM, auditory nerve neurophonic
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(ANN), compound action potential (CAP) and summating potential (SP). Sites of trauma are subsequently
identified in cochlear whole mounts with light or fluorescent microscopy.
Results
In NH animals the generators of responses are local to the recordings. Here, insertions that penetrated the
basilar membrane typically showed a nearly complete phase inversion. Small amplitude changes likely due
to impact with the BM caused small phase changes, consistently toward slightly longer delays, and were
reversible. These amplitude and phase changes occurred across all frequencies irrespective of trauma location.
Single frequency amplitude and phase changes observed only when electrode passed the characteristic
frequencies.
Conclusions
Preclinical studies can help to interpret the complex responses patterns in ECochG seen intraoperatively.
PD 11.6 Soft Auditory Brainstem Implant: Proof of Concept in Non-Human Primates
Alix Trouillet
EPFL
Background
The auditory brainstem implant (ABI) is a neuroprosthesis that provides auditory percepts to patients who are
not candidates for the cochlear implant (CI). Unfortunately, audiologic outcomes among ABI users are highly
variable and mean performance lags significantly behind the CI. The ABI provides surface electrical
stimulation of the cochlear nucleus (CN), the first auditory nucleus in the brainstem. Contemporary ABI arrays
are stiff and do not conform to the curved brainstem. This biomechanical mismatch can lead to poor electrode
contact with neural structures and activation of non-auditory neurons, leading to side effects. The present
study is designed to produce and test a novel soft multichannel ABI in non-human primates as the basis of
long-term electrophysiological and behavioral studies.
Methods
Soft ABI arrays (150 μm thick, 11 electrode contacts, 100 μm diameter) were manufactured as described by
Vachicouras et al. 2019 and scaled to the primate CN. We conducted acute experiments on two anesthetized
adult macaques. Pre-operative auditory brainstem responses (ABRs) were recorded. We performed an
exoscope-assisted retrosigmoid craniotomy of the left ear. Under endoscopic visualization, we identified
relevant anatomy including the cerebellopontine angle, cerebellar peduncle, choroid plexus, and cranial nerves
VII to XI. The array was placed under endoscopic visualization into the lateral recess. Electrically evoked
ABR (eABRs) were elicited by stimulation of the ABI. We then performed a temporal craniotomy to expose
the contralateral auditory cortex. We placed a soft electrocorticography (ECoG) grid and recorded auditory
evoked potentials (AEPs) to acoustic and ABI stimulation. These terminal primate studies were approved by
the University of Washington – Seattle IACUC and supported by a Sinergia grant from the SNSF.
Results
Surgical insertion of the soft ABI under endoscopic visualization was facilitated by grasping a biodegradable
spine bonded to the back of array. A comparison of recorded ABRs before and after surgery indicated
preservation of residual hearing. Robust and specific eABRs were observed in response to ABI bipolar
stimulation (wave I amplitude increasing from ~ 1 to 4 μV with increasing current from 50uA to 200uA).
Using ECoG recordings, both eAEPs and AEPs were measured with similar amplitudes (~ 15 μV) and varying
waveform. Tonotopic and electrical maps displayed overlapping activated cortical areas.
Conclusions
We demonstrated the feasibility of in vivo acute surgical implantation of a novel, soft ABI enabled by facile
handling with a transient stiffening spine in the non-human primate brainstem. The procedure did not alter
auditory functions. Electrical stimulation of the CN reliably elicited eABRs as well as corresponding auditory
cortical activity as measured by a soft ECoG grid. These results demonstrate that soft ABI electrode arrays
can produce functional activation of the auditory pathway in a non-human primate. This platform will enable
future electrophysiological and behavioral characterization of ABI mediated auditory responses.
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PD 11.8 Detection Thresholds and Cochlear Health - Effects of Phase Duration
Bryan E. Pfingst
University of Michigan
Background
Psychophysical detection threshold for electrical stimulation of cochlear implants (CIs) have proven to be
useful predictors of the health of the implanted cochlea where cochlear health is defined in terms of spiral
ganglion neuron (SGN) and inner hair cell (IHC) survival. However, the relationship between thresholds and
cochlear health depends on the parameters of the stimulus eliciting the threshold detection response.
Thresholds for single biphasic pulses are not correlated with SGN density but thresholds for pulse trains are,
provided the pulse rate is higher than about 40 pulses per second (pps) and phase durations are short. In this
poster we will present data on effects of phase duration using fixed-rate pulse trains.
Methods
Data were taken from several previous experiments using guinea pigs trained with positive reinforcement
operant conditioning procedures to perform a threshold detection task. Cochlear health was assessed near the
electrode that was used for threshold measurement. Diversity in cochlear health across the subject population
was created by using various treatments: (1) implantation in a hearing ear; (2) deafening with local injection
of neomycin, treating with a neurotrophin and implantation; and (3) deafening with neomycin and
implantation. Psychophysical detection thresholds for 200 msec pulse trains at 100 pps and with various phase
durations, ranging from 25 µsec to 5 msec, were measured. We also measured thresholds for 100 Hz sinusoids
of 200 msec duration (5msec phase duration).
Results
There was variability in SGN density across treatment groups and also within treatment groups, resulting in a
continuum of SGN densities across the subject population ranging from <20 to >1,200 cells/mm2 (near
normal). The highest SGN densities were found only in animals with surviving IHCs. Psychophysical
detection thresholds for trains of 25 µsec/phase pulses decreased as a function of SGN density. However, as
phase duration increased, the slopes of the threshold vs SGN density functions became shallow; thresholds for
animals with high SGN densities and surviving IHCs were in the same range as those for animals with low
SGN densities. In contrast, if only cases with no IHCs were considered, the negative correlation between
threshold level and SGN density remained.
Conclusions
The relationships between psychophysical detection thresholds, cochlear health and stimulation parameters
are complex. Cochlear health and stimulus parameters can interact in complex ways to affect the rate and
spatial distribution of neural action potentials transmitted to the central nervous system. Further exploration
of these relationships could increase our understanding of mechanisms underlying cochlear implant function
and thus are of scientific and clinical importance.
Supported by NIH/NIDCD grant R01 DC015809.
PD 11.7 Chronic Electrical Stimulation at High Charge Densities: Platinum Dissolution, Tissue
Response and Neural Survival
Robert Shepherd
University of Melbourne & Bionics Institute, St. Vincent's Hospital
Background
Clinical studies have shown evidence of particulate platinum (Pt) within the tissue surrounding the electrode
array in cochleae of long-term cochlear implant users. Little is known about the toxicity to cochlear tissue, or
the systemic distribution of these corrosion products in vivo. We have used an animal model to stimulate Pt
electrodes at a charge density well above current safety limits to evaluate the effects of long-term stimulation
and Pt corrosion on both cochlear tissue and the electrodes.
Methods
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Six cats were bilaterally implanted with Pt electrode arrays and unilaterally stimulated using charge balanced
current pulses at 267 C/cm2/phase continuously for 6 months. Cochleae were then examined histologically
for particulate Pt, tissue response, and spiral ganglion neuron (SGN) survival; electrodes were examined for
surface corrosion; and cochlea, brain, kidney, and liver tissue analysed for trace levels of Pt.
Results
Continuous stimulation of Pt electrodes did not adversely affect the SGN population despite a stimulus
induced tissue response and clear evidence of Pt corrosion product within all stimulated cochleae. The majority
of the Pt observed histologically was sub-micron in dimensions and readily phagocytosed by macrophages.
The extent of the tissue response was significantly greater adjacent to the electrodes in the stimulated versus
implanted unstimulated control cochleae (p<0.05), and electrodes stimulated at the maximum charge density
exhibited significantly more corrosion compared with unstimulated control electrodes (p<0.001). Pt corrosion
was also observed in cochleae implanted with unstimulated control electrodes, although the levels were
significantly less than stimulated cochleae (p<0.001). The majority of Pt remained within the cochlea; only
two of the six animals in the study showed trace levels of Pt in kidney tissue, while liver and brain tissue did
not contain Pt.
Conclusions
Long-term stimulation using stimulus parameters ~x10 above normal clinical levels did not damage SGNs or
the cochlea in general, although the extent of the tissue response was stimulus dependent. Significant Pt
corrosion occurred on electrodes stimulated at high charge densities. Importantly, while large amounts of Pt
corrosion product was observed in the stimulated cochleae, the Pt did not adversely affect cochlear tissue and
there was little evidence of Pt observed systemically.
This work was supported by NIDCD (R01DC015031) and Cochlear Ltd. The Bionics Institute acknowledges
support of the Victorian Government through the OIS Program.

3:00 p.m. - 5:00 p.m.
Podium 12: "Auditory Development - From the Periphery to the
Brain"
Moderators: Dr. Justine Renauld and Dr. Sunita Singh
Category: Cellular/Systems Development
PD 12.1 Decommissioning of the Sensory Hair Cell Enhancer Network in Supporting Cells Underlies
the Loss of Transdifferentiation Potential During Postnatal Maturation of the Mouse Organ of Corti
Litao Tao
University of Southern California
Background
Hearing loss caused by sensory hair cell damage is permanent, as sensory hair cells in the organ of Corti
cannot be regenerated from the surrounding supporting cells in mammals. However, a latent supporting cell
transdifferentiation potential exists transiently in the perinatal organ of Corti of mice; but is lost in the first
postnatal weeks. The epigenetic mechanisms underlying the ability of these cells to transdifferentiate, as well
as their ultimate loss of transdifferentiation potential during postnatal maturation, remain unknown.
Methods
Using ATACseq and CUT&RUN, we profiled chromatin accessibility and histone modifications in FACSpurified hair cells and supporting cells in order to interrogate the epigenetic changes in supporting cells during
postnatal maturation.
Results
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We found that in P1 supporting cells, hair cell gene-regulatory elements are primed by H3K4me1/3, but
silenced by H3K27 deacetylation and trimethylation, and that this primed-but-repressed state can be reversed
to an active state (H3K27ac enriched) in supporting cell during transdifferentiation induced by Notchinhibition. During postnatal maturation, the enhancer-priming epigenetic modification H3K4me1 is removed
from hair cell gene enhancer regions in supporting cells, leading to the decommissioning and silencing of
these elements. In addition, inhibition of decommissioning by blocking H3K4me1 demethylation extends
transdifferentiation potential in the organ of Corti.
Conclusions
Based on these observations, we conclude that the limited plasticity of supporting cells in neonatal organ of
Corti stems from the primed-but-repressed epigenetic status of hair cell gene elements, and that
decommissioning of hair cell gene enhancers in supporting cells leads to the loss of transdifferentiation
potential during postnatal maturation.
PD 12.2 Precise Pattern of the Inner Hair Cell Row is Driven by Mechanical Forces and
Delaminations
David Sprinzak
Tel Aviv University
Background
The mammalian hearing organ, the organ of Corti, consists of a precisely organized checkerboard-like pattern
of four rows of hair cells (HCs) interspersed by non-sensory supporting cells (SCs). The inner hair cell row
that contains a single line of alternating HCs and SCs is the first region specified during the development of
the organ of Corti. While the differentiation into HCs and SCs has been associated with Notch signaling
mediated lateral inhibition, it has been unclear how a single line of HCs and SCs is generated during embryonic
development.
Methods
We use live imaging of cochlear explants from mice containing ZO1-EGFP (marking apical boundaries) and
Atoh1-mCherry (marking differentiation of HCs) to track both morphological and differentiation dynamics.
Laser ablation experiments are used to characterize the mechanical properties of the cells and the whole tissue.
Finally, we use mathematical modeling to elucidate how mechanical forces and morphological transitions
drive the patterning of inner hair cells.
Results
Quantitative analysis of 4D live imaging of cochlear explants revels that an initially disordered pattern of HCs
and SCs spread across 2-3 rows of cells is refined by a combination of two processes: (i) Some Atoh1 positive
cells squeeze into and align along the border of the pillar cell row. (ii) Atoh1 positive cells that fail to contact
the pillar cell row delaminate from the tissue. We also find that the squeezing of Atoh1 positive cells is driven
by a sequential process where the nucleus of the cell is squeezed first, and then the apical surface follows.
Finally, we show that inhibiting Notch signaling leads to significant morphological changes, in addition to the
increase in the number of Atoh1 positive cells.
Conclusions
Using Mechanical modeling we conclude that Atoh1 positive cells organize into an ordered line of cells
through mechanical forces that push HC nuclei against the rigid line of pillar cells. Extra HCs that are not
squeezed are removed through delamination. Thus, this work reveals a novel developmental mechanism for
generating a precise line with alternating fates.
PD 12.3 Hair Cell Orientation Reversal is GPCR-Driven in Mechanosensory Epithelia
Basile Tarchini
The Jackson Laboratory
Background
Sensory hair cells detect sound, head position or water movement via mechanical deflection of their hair
bundle, a specialized apical compartment with directional sensitivity. Directional sensitivity results from
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graded heights across stereocilia rows in the hair bundle, an asymmetric architecture that requires inhibitory
G proteins of the alpha family (Gai) and their modulator GPSM2. GPSM2 binds and sequesters Gai-GDP to
organize stereocilia distribution at the apical membrane and to promote elongation along with Myosin-15a at
the tips of the tallest stereocilia. In the absence of GPSM2-Gai function, mouse hair bundles remain immature
with stunted stereocilia. Inhibiting Gai activity also causes severe defects in the orientation of hair cells and
their bundle along the epithelial plane in the auditory and vestibular organs, but this phenotype is not observed
in Gpsm2 mutants. We thus hypothesized that Gai assumes distinct roles with different regulators in the
context of hair bundle morphogenesis and hair cell orientation.
Methods
We used mouse and zebrafish genetics, immunolabeling and microscopy, Auditory brainstem response and
Distortion-product otoacoustic emissions tests, and calcium imaging.
Results
Searching for new partners, we identified an orphan G Protein Coupled Receptor (GPCR) of previously
unknown function whose absence fully recapitulates hair cell misorientation observed upon Gai inactivation.
Interestingly, inactivating GPCR mimics vestibular defects reported in absence of the transcription factor
EMX2. In otolith organs lacking GPCR function, Emx2-positive hair cells fail to reverse their orientation
compared to Emx2-negative hair cells in the rest of the organ, abrogating the line of polarity reversal and
mirror-image hair cell organization. We propose that this GPCR acts as a G protein Exchange Factor for Gai
and signals to promote hair cell reversal downstream of EMX2 in the utricle and saccule. Intriguingly, our
results also show that GPCR-Gai-based orientation reversal is essential for the uniform orientation of outer
hair cells in the cochlea. Finally, we demonstrate conservation of the GPCR function in the zebrafish lateral
line. In mutant neuromasts, the Emx2-positive hair cell population fails to reverse its orientation compared to
the rest of the organ, and all hair cells adopt a largely uniform orientation. This anatomical phenotype is
predictive of neuromast response to current flows, with a loss of bidirectional response in mutants.
Conclusions
By building an asymmetric hair bundle with GPSM2 and defining its binary orientation with a GPCR, Gai is
emerging as a critical regulator of both hair cell- and organ-level directional sensitivity in mechanosensory
epithelia.
PD 12.4 Morphogenesis Mechanism of the Tectorial Membrane: The Role of the Surface-Tethering
and Release Modes of Alpha-Tectorin/TECTA in Matrix Organization
Sungjin Park
University of Utah
Background
The tectorial membrane (TM) is an apical extracellular matrix (ECM) that lies over the organ of Corti. The
TM plays important roles in frequency selection, propagation, and amplification of sound waves. The TM
exhibits sophisticated ultrastructural features and domain-specific patterns of matrix organization: dense
limbal matrix and parallel body matrix. However, the mechanisms by which the specific matrix architectures
are organized outside of cells are unknown. We observed that surface-tethering of alpha-tectorin/TECTA via
a glycosylphosphatidylinositol (GPI)-anchor is required to prevent diffusion of secreted TM components into
the luminal space of the scala media and to form the TM matrix on the apical surface of TM-producing cells.
The release of TECTA plays a critical role in the growth of the TM layers. Our findings support a novel 3D
printing model by which: (1) a surface-tethered structural organizer establishes a matrix layer on the cell
surface and (2) as each successive layer is “printed”, the previously-established layer is released along with
the surface organizer. This repetitive process establishes the higher-order architecture of the TM. Although
the model highlights the significance of the release of surface-tethered TECTA in matrix organization, the
release mechanism of TECTA is unknown.
Methods
To explore the TECTA release mechanism, we performed in vitro assays overexpressing different types of
releasing enzymes together with a mutagenesis screen of TECTA. We characterized the ultrastructure of the
TM of the mice lacking a releasing enzyme.
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Results
We observed that TECTA is released from the producing cells by multiple mechanisms: proteolytic shedding
and GPI-anchor cleavage. The C-terminus of TECTA contains the external hydrophobic patch (EHP) that
blocks the multimerization of TECTA. Notably, the expression of transmembrane serine protease (TMPRSS)
1 and 2 induces the cleavage of the upstream sequence of the EHP. The released fragment of TECTA by
proteolytic shedding, which lacks the EHP, forms homo-multimers in the extracellular space. On the other
hand, expression of GDE3, GPI-anchor lipase, releases full-length TECTA, which does not form homomultimer. In situ hybridization shows that Gde3 is predominantly expressed in the greater epithelial ridge
(GER) that generates the body domain, while Tmprss1 and Tmprss2 are widely expressed. Transmission
electron microscopy of Gde3 KO TM shows that collagen fibrils in the body domain are wavy and clumped
instead of being straight and evenly spaced as in the WT TM. The limbal matrix of the TM appears normal in
the absence of GDE3.
Conclusions
These results suggest that distinct cleavage modes of TECTA may regulate the domain-specific
morphogenesis process of matrix architecture. We identified TECTA mutants that specifically block either
proteolytic cleavage or GPI-anchor cleavage. Further studies using Tecta knock-in mutants that block each
cleavage mechanism will identify the role of the release mode of TECTA in a domain-specific matrix
organization.
PD 12.5 Axodendritic Vs Axosomatic Cochlear Efferent Termination is Determined by Afferent Type
in a Hierarchical Logic of Circuit Formation
Jemma L. Webber
Feinberg School of Medicine, Northwestern University
Background
The mammalian cochlear sensory epithelium, the organ of Corti, houses two types of sensory receptor that
differ in morphology and function. Inner hair cells (IHCs) transmit the bulk of sensory input to the brain, while
outer hair cells (OHCs) fine-tune and amplify. IHCs and OHCs are each innervated by a distinct pair of
afferent and efferent neuron types. These neurons project to specific (inner or outer) compartments in the
cochlea forming precise connections with either type of hair cell. Type I afferents synapse directly onto a
single IHC, with 10-20 fibers contacting each IHC. In contrast type II afferent fibers, travelling spirally in the
outer compartment, send out collateral projections that contact multiple OHCs. Furthermore, lateral
olivocochlear efferents (LOCs) terminate axodendritically onto type I afferents underneath IHCs, while medial
olivocochlear efferents (MOCs) form axosomatic contacts directly with OHCs. How these connections are
established and maintained remains a fundamental gap in understanding how this circuit assembles.
Methods
Here, we utilized the Insm1 cKO mouse developed by our lab, in which IHCs are found in the outer
compartment, amidst OHCs (Wiwatpanit et al., 2018). These cells display the same anatomical and
physiological properties as IHCs yet are surrounded by supporting cells characteristic of the outer
compartment (Deiters’ and outer pillar). Thus, we have an ideal model in which to test whether HC type and/or
the local environment (inner vs. outer compartment) drives specific afferent and efferent connection to their
appropriate target.
Results
We find that type I afferents are capable of crossing into the outer compartment to contact IHCs (oc-IHCs),
as long as they do not encounter an OHC. Thus, cells in the most medial row are preferentially innervated by
type I afferents, while cells in the more lateral rows are innervated only in the absence of an intervening outer.
Surprisingly, we find that type II afferents contact oc-IHCs early in development, but only those not already
innervated by a type I afferent. The efferents innervating the oc-IHCs are MOCs, not the LOCs that innervate
IHCs in the inner compartment. However, how these efferent fibers terminate depends on the type of afferent
innervating the cell, such that oc-IHCs receiving a type I afferent display axodendritic termination, oc-IHCs
contacted by a type II afferent receive axosomatic termination, and oc-IHCs not contacted by either afferent
receive no efferent innervation.
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Conclusions
Together, our findings reveal a hierarchical logic for development of cochlear innervation: 1) IHCs attract and
OHCs repel innervation by type I afferents; 2) Type II afferents innervate the remaining HCs, which in normal
conditions are OHCs; 3) Efferent termination is then determined not by the type of hair cell or by its location,
but by the type of innervating afferent a hair cell receives.
PD 12.6 P2RX3 in Spiral Ganglion Neuron Development
Thomas Coate
Georgetown University
Background
Prior to hearing onset, the mammalian cochlea undergoes a highly dynamic process of growth and hair cell
innervation. During development and starting around E15.5 (in mouse), type I spiral ganglion neurons (SGNs)
undergo a phase of “debranching” prior to forming unramified synaptic contacts with inner hair cells. Around
the time of SGN debranching starting around P0, SGNs also become electrically active, showing large,
synchronized bursts of activity. Here, we investigated the function of the ionotropic purinergic receptor
P2RX3 in the context of these events in the developing cochlea.
Methods
In this study, we used mouse genetics, immunostaining, confocal microscopy, 3d image analysis, and calcium
imaging.
Results
Using Sox2CreERT2 and R26RtdTomato mice to genetically label individual SGNs at several developmental
stages, we found that SGNs in P2rx3 null mice exhibited more complex branching patterns at their peripheral
synaptic terminals and near their cell bodies. Using calcium imaging, we found that these bursts are dependent
not on P2RX3, but P2RY1, which induces spontaneous activity in cochlear supporting cells prior to hearing
onset, resulting in release of glutamate from hair cells and SGN excitation. Unexpectedly, SGNs in P2rx3 null
mice exhibited an increase in spontaneous calcium transients at E16.5, which may reflect increased
neurotransmitter receptor availability. We also examined the distribution of type I SGN subtypes in P2rx3 null
cochleae using antibodies against Calb2, Calb1, and Pou4f1. We found that P2rx3 null mice showed an
increased proportion of SGNs that express Calb2.
Conclusions
These data suggest P2RX3 is involved in both peripheral axon refinement and differentiation of type I SGNs.
PD 12.7 Spiral Ganglion-On-A-Chip
Ilkem Sevgili
University of Cambridge
Background
Hearing loss is the most widespread sensory disability in the world. Cochlear implants (CIs) are currently the
most reliable hearing restoration strategy for patients with severe to profound hearing loss. CIs operate by
bypassing the defective or lost cochlear hair cells, a common cause of hearing loss, and electrically stimulating
spiral ganglion neurons (SGNs) directly. Thus, the outcomes of CIs depend on a population of excitable SGNs.
The main issues affecting the performance of CIs are the reduced frequency resolution and the loss of spatial
selectivity. Additionally, SGNs can degenerate and lose their functions with ageing or upon damage and do
not regenerate spontaneously. To address these issues, a better understanding of how CIs interact with SGNs
is required. This cannot be done in vivo as currently available models are significantly limited. Thus, there is
a need for a reliable model that can serve to optimize CI performance and CI-SGN interaction.
Methods
In our preliminary research, we have developed procedures to grow spiral ganglion explants of neonatal
rodents in vitro and identified the parameters to optimize culturing. In the next step, we have started growing
the spiral ganglion explants on microelectrode arrays (MEAs). Through the combination of MEAs and
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microfluidics systems, we will direct the outgrowth of SGN neurites toward electrode interfaces and obtain
non-invasive, accurate and sensitive recordings from SGNs. The same system will be later applied with SGNs
differentiated from human induced pluripotent stem cells (hiPSCs). Finally, these MEA constructions will be
incorporated into a 3D printed model of the cochlea, which will allow us to better represent and study the
electrophysiological behaviour of SGNs.
Results
Based on our immunostaining and qPCR results, we have achieved to optimize the techniques to differentiate
SGNs from hiPSCs. We are currently investigating the functionality of hiPSCs derived-SGNs on MEA
systems as well as comparing them to the electrophysiology measurements of SGNs dissected from neonatal
rodents. We will soon be able to understand the SGN firing activity in response to varying stimuli such as
pulse duration, pulse rate, pulse shape and electrode size.
Conclusions
In this project, we aim to develop platforms bridging the gap between the physiological context of in vivo
studies and the advantages of in vitro manipulations, ultimately creating a spiral ganglion-on-a-chip.
The spiral ganglion-on-a-chip will ultimately allow us to investigate the impact of different stimulation
parameters on SGNs and thus improve CI performance and validate computational models of the auditory
nerve firing.
PD 12.8 In Vitro Modeling of Central Auditory Pathways
Jason Brant
University of Pennsylvania
Background
Evaluation of network development and signal propagation along the auditory pathway is limited by
anatomical and physiologic constraints in vivo. An in vitro model that mimics the systems level architecture
of the auditory pathways (discrete nuclei represented by phenotypic specific neuronal aggregates) spanned by
bundles of axonal tracts would facilitate investigation of auditory neuropathy disorders, inform processing
strategies for auditory implants, and aid in the investigation the effects of regenerative strategies for the
restoration of hearing. Further, manipulation of these interactions without the need for live animal models
would greatly accelerate the translational potential for such interventions.

Methods
Neuronal aggregates were generated from cortical (C), brainstem (BS), and spiral ganglion (SG) neuronal
populations harvested from embryonic or neonatal rats. The tissue of origin was dissected from surrounding
structures, dissociated into single-cell suspension, and cultured in supportive media. Non-adherent cells were
removed, and remaining cells were resuspended before aggregation using gentle centrifugation in inverted
pyramidal wells. Individual cell-type aggregates were then transduced to express the fluorescent calcium
reporter GCaMP6 for optical imaging of neuronal activity. Cell type and viability was confirmed via
appropriate immunohistochemical staining. Pairs of aggregates were then co-cultured and monitored for
axonal outgrowth. Spontaneous GCaMP expression indicated neuronal activity for individual aggregates, and
physiologic interaction between adjacent aggregates was confirmed via synchronous firing between them. All
cell-type combinations were evaluated.
Results
Aggregates from all cell types were successfully harvested, formed into stable aggregates, and transduced with
GCaMP6 as measured by spontaneous activity and histologic analysis. Cohesive aggregate formation and
neuronal cell viability was confirmed up to 14 days in culture. Spontaneous firing was recorded for individual
aggregates, and interaction between adjacent aggregates was confirmed through histological evaluation and
synchronized GCaMP expression. All combinations of aggregate pairs showed such interactions both
histologically and physiologically.
Conclusions
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Comprehensive evaluation of the auditory pathways requires investigations not only of the individual neuronal
cell types, but also networks of cells and interactions between these networks. Here we describe development
of a method for generation of specific neuronal cell-type aggregates from the spiral ganglion, brain stem, and
cortex as a proxy for individual levels of the auditory system - as well as physiologic interaction between
aggregates. This model serves as a simple in vitro model for the propagation of signals along the auditory
pathways. Further development of such a model along with refinement to include cochlear hair cells and more
anatomically and physiologically accurate interactions will facilitate advancement of understanding of signal
processing along the auditory pathways. This will inform development of auditory implants and regenerative
techniques for auditory rehabilitation. Here we describe the building blocks for developing a complex network
of networks to simulate the nuclei and pathways of the auditory system from cochlea to cortex.

3:00 p.m. - 5:00 p.m.
Poster Session 2
SU1. Sex Differences in Auditory Brainstem Response Thresholds and Wave Amplitudes and
Latencies in CBA/CaJ Mice Across the Lifespan
Aging
Mi-Jung Kim*1, Yohei Honkura2, Jun Suzuki2, Dalian Ding3, Peter Carmichael1, Upal Bose1, Kishan Avaiya1,
Marcus Milani1, Richard Salvi3, Shinichi Someya1
1
University of Florida, 2Tohoku University Graduate School of Medicine, 3State University of New York at
Buffalo
Background
It is well-documented that women live longer than men. In line with this observation, numerous studies have
shown that women lose hearing more slowly than men. However, the cellular and molecular mechanisms
underlying sex differences in hearing loss or cochlear aging still remain unclear. In this study, we investigated
sex dereferences in auditory function in CBA/CaJ mice, a well-established murine model of human age-related
hearing loss.
Methods
Female mice were ovariectomized at 3 months of age. Auditory brainstem response (ABR) hearing tests were
performed to measure ABR thresholds at 4, 8, 16, 32, 48, and 64 kHz, click ABR waves I-V amplitudes, and
click ABR waves I-V latencies at 100 dB SPL in male, female, and ovariectomized female (OVX) CBA/CaJ
mice at 5-6, 15-17, and 23-25 months of age. Following ABR testing, histological analyses were conducted
to assess hair cell loss, auditory nerve fiber density, and stria vascularis thickness in the cochleae from male,
female, and OVX mice.
Results
There were no statistical differences in ABR thresholds at 4, 8, 16, 32, 48, or 64 kHz between males and
females or between females and OVX mice at 5-6, 15-17, and 23-25 months of age. There were no differences
in ABR wave I, II, III, IV, or V latencies between males and females or between females and OVX mice at 56, 15-17, and 23-25 months of age. Young females displayed increased ABR wave I, II, III, IV, and V
amplitudes compared to age-matched males, while ovariectomy resulted in decreased ABR wave I, II, III, IV,
and V amplitudes in females. Middle-aged females displayed increased ABR wave I, II, III, IV, and V
amplitudes compared to age-matched males, while ovariectomy resulted in decreased ABR wave I, II, IV, and
V amplitudes in females. Old females displayed increased ABR wave V amplitudes compared to age-matched
males. There were no differences in inner hair cell or outer hair cell numbers in the cochleae between males
and females or between females and OVX mice at 5-6, 15-17, and 23-25 months of age. Ovariectomy resulted
in decreased auditory nerve fiber densities in the cochleae of females at 15-17 and 23-25 months of age.
Conclusions
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Our results suggest that ovarian estrogen may play a role in influencing ABR wave amplitudes in female mice.
We are currently investigating the cellular and molecular mechanisms of estrogen-mediated protection against
age-related cochlear pathology and hearing loss in female CBA/CaJ mice.
SU2. Oxidative Stress in the Cochlea is a Key Process Involved in Age-Related Hearing and
Autophagic Changes
Aging
Lauren Paganella*1, Bo Ding2, Xiaoxia Zhu2, Jennifer Pineros2, Robert Frisina1
1
University of South Florida, 2Global Ctr. Hearing & Speech Res., University of South Florida
Background
Autophagy, a cellular defense process that repairs dysfunctional organelles and misfolded proteins, is being
studied to understand its effects on age-related hearing loss (ARHL). The exact mechanisms of autophagic
responses in the aging cochlea are not clear. Since oxidative stress occurs in the aging cochlea, we examined
whether using hydrogen peroxide (H2O2) to emulate this stressful condition in vitro will produce similar
changes in autophagic flux as we observe in the aging cochlea.
Methods
We used a one-way ANOVA to analyze 414 autophagic genes in our Affymetrix Mouse GeneChip database
for ARHL. Isolated cochlea from young adult (3 mon) and old (30 mon) CBA/CaJ mice, HEI-OC1 and SVK1 cells were used to measure gene expression changes. mRNA was reverse-transcribed into cDNA and
subjected to RT-qPCR to determine any autophagic gene expressional differences. Significant differences
were obtained for 7 autophagic genes (GAPDH controls were used) and converted into concentration values
to analyze fold changes and signal log ratios. Extracted protein from cells were subjected to western blotting
to detect any differences in protein expression of key autophagic biomarkers.
Results
Three genes, DRAM1, Hsp90ab1 and Sec23a, showed monotonic changes with age in the cochlea and similar
changes in protein expressions were observed in old cochlea compared with young adult, suggesting that
mTOR activation changed with aging in the cochlea. LC3II and P62, were increased in the old cochlea
compared to young adult, like our in vitro experiment with the autophagy inhibitor Chloroquine (CQ)
treatment in SVK-1 cells. Likewise, we observed LC3II and P62 increases in H2O2 treated HEI-OC1 and
SVK-1 cells compared with nontreatment controls. Hsp90ab1 expression was decreased in old cochlea
compared to young adult, suggesting oxidative stress can induce autophagy blocking. However, this change
was not be observed in H2O2 treated HEI-OC1 cells compared with nontreatment controls. Ambra1, atg14,
bcl2/1, bcl1 and trp53 gene expression levels were down regulated. However, LC3II and P62 gene expressions
were upregulated in H2O2 treated HEI-OC1 cells relative to nontreated control. In addition, H2O2 treatment
in HEI-OC1 couldn’t induce p70S6k and 4E-BP protein expression changes, suggesting H2O2 is not involved
in mTOR activation to alter the autophagic pathway.
Conclusions
Hearing deficits in the inner ear due to oxidative stress may be involved in the age-related autophagic pathway
but not through the activation of mTOR. In addition, the gene expression levels of 7 autophagic genes under
stimulation with H2O2 only partially match the gene expression changes in the aging cochlea in vivo,
indicating that oxidative stress in the aging cochlea is only one of several factors underlying age-related
autophagic changes and subsequent auditory dysfunction in old age.
Work supported by NIH grants: P01 AG009524 from the Nat. Inst. on Aging, and NIH-NIDCD grant R21
DC017039.
SU3. Modality-Specific Association Between Working Memory and Speech Recognition in Older
Listeners Under Adverse Listening Conditions
Aging
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Subong Kim*1, Inyong Choi2, Adam Schwalje3, KyooSang Kim4, Jae Hee Lee5
1
Purdue University, 2University of Iowa, 3University of Iowa Hospitals and Clinics, 4Seoul Medical Center,
5
Hallym University of Graduate Studies
Background
Cognitive processes, such as working memory, are actively involved in speech recognition under adverse
listening conditions. It has been well studied that aged listeners with higher working memory capacity showed
better speech recognition in challenging listening conditions compared to those with lower working memory
capacity. However, it is not yet clear whether working memory measures' modality should be auditory or
visual when examining the association between working memory and speech recognition.
Methods
In the present study, we investigated the modality-specific association between working memory and speech
recognition systematically. After screening the general cognitive function and assuring audibility, seventy-six
older listeners completed four auditory working memory tasks and speech recognition tasks in four listening
conditions.
Results
Here, we found that working memory measures presented in the auditory modality can explain speech
recognition variance in adverse listening conditions. Notably, the listening span task's performance
significantly predicted speech recognition in adverse listening conditions while controlling for the impact of
age and hearing sensitivity in older listeners. We also found that both linguistic features and the stimuli'
complexity affected the association between auditory working memory and speech recognition.
Conclusions
These findings suggest that we need to consider the modality-specific characteristic of working memory in
examining the association between working memory and speech recognition in older listeners.
SU4. Binaural Detection in the Mongolian Gerbil
Aging
Sandra Tolnai*1, Georg Klump1
1
Carl von Ossietzky University Oldenburg
Background
Binaural masking level differences (BMLDs) describe a listener’s advantage when detecting a dichotically
presented tone (here with a 180º phase shift between the two ears) in noise over detecting a diotically presented
tone in noise. Processing of binaural information is essential to the task, and BMLDs can therefore serve as a
measure of a listener’s binaural hearing performance. In human listeners, BMLDs decrease with age (e.g. [1]).
Here, Mongolian gerbils, which show a number of age-related deficits in listening tasks (e.g. gap detection
[2], temporal integration [3], sound localization [4]) and histological and physiological changes in the auditory
system with age (e.g. increased density of inhibitory neurotransmitters [5], decreased binaural interaction
components [6], reduced endocochlear potentials [e.g. 7]), were tested for age-related changes of BMLDs.
Methods
Twenty gerbils, aged 12 to 45 months, were trained in a Go/NoGo task to detect 700 Hz pure tones in a
continuous broadband noise (0.25-10 kHz). Using free-field loudspeakers and crosstalk cancellation creating
virtual headphones [8], tones were presented monaurally (Sm), diotically (S0) or dichotically (Spi, 180º phase
shift). The masking noise was presented diotically (N0). Additionally, gerbils’ hearing thresholds for 700 Hz
pure tones were measured behaviorally.
Results
We found that tone detection thresholds depended on the target-masker relation and on the animals’ age.
Lowest tone detection thresholds were observed for the N0Spi condition in young animals. Both, the BMLDs
that result from comparing the N0S0 and N0Sm conditions and the BMLDs that result from comparing the
N0S0 and the N0Spi conditions significantly decreased with age as indicated by negative correlation
coefficients.
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Conclusions
Those results could pave the way to further investigations of processes contributing to impaired binaural
hearing in older age.
Funded by the DFG, EXC 2177
References:
[1] J Neurophysiol. 2018;120(6):2939-2952. doi: 10.1152/jn.00255.2018
[2] J Assoc Res Otolaryngol. 2004;5(1):49-57. doi: 10.1007/s10162-003-3041-2.
[3] J Hear Res. 2007;224(1-2):101-14. doi: 10.1016/j.heares.2006.12.002.
[4] J Acoust Soc Am. 2006;119(2):1029-36. doi: 10.1121/1.2159429.
[5] Exp Gerontol. 2014;57:155-62. doi: 10.1016/j.exger.2014.05.018.
[6] Hear Res. 2016;337:46-58. doi: 10.1016/j.heares.2016.04.009.
[7] Hear Res. 1996;102:125–132. doi:10.1016/S0378-5955(96)00154-2
[8] PLoS One. 2017 ;12(4):e0175142. doi: 10.1371/journal.pone.0175142.
SU5. Osteoporosis, Bisphosphonate Use and Risk of Hearing Loss in Women
Aging
Sharon Curhan*1, Konstantina Stankovic2, Julie Paik1, Gary Curhan1
1
Brigham and Women's Hospital/Harvard Medical School, 2Massachusetts Eye and Ear Infirmary
Background
Deterioration of bone mass quantity and bone quality can compromise bone strength and increase the risk of
osteoporotic fractures. Animal studies show pathways involved in bone homeostasis are also important for
cochlear sensorineural integrity. Some cross-sectional studies in humans reported lower bone density and
higher prevalence of osteoporosis among individuals with hearing loss, but findings are inconsistent and
longitudinal data are lacking. Bisphosphonates are the primary therapy for managing skeletal conditions
characterized by increased osteoclast-mediated bone resorption, most commonly osteoporosis. A study in
noise-exposed mice demonstrated regeneration of cochlear synapses after systemic bisphosphonate
administration. In humans with cochlear otosclerosis, treatment with a third-generation bisphosphonate was
associated with stabilization or improvement of sensorineural hearing loss. However, the longitudinal
association of osteoporosis and hearing loss, and whether bisphosphonate use influences the risk, is unclear.
Therefore, we prospectively studied the longitudinal association of osteoporosis, low-moderate impact
vertebral (VF) and hip (HF) fractures, bisphosphonate use and risk of moderate or worse hearing loss in
women.
Methods
We conducted a longitudinal cohort study (1982-2016) among 60,792 women in the Nurses’ Health Study I,
aged 36-61 years at baseline. Updated information on diagnosis of osteoporosis, history of low-moderate
trauma VF and HF, bisphosphonate use, and self-reported hearing status was obtained by validated biennial
questionnaires. Multivariable-adjusted Cox proportional hazards regression models were used to adjust for
potential confounders and examine the independent associations between osteoporosis, VF, HF,
bisphosphonate use, and risk of self-reported moderate or worse hearing loss.
Results
During 1,508,824 person-years of follow-up, 12,432 incident cases of moderate or worse hearing loss were
reported. Compared with women with no history of osteoporosis, women with osteoporosis had a higher risk
of hearing loss and the magnitude of the elevated risk was similar among women who did and did not use
bisphosphonates. Specifically, compared with women no history of osteoporosis, the multivariable-adjusted
relative risk (MVRR, 95% CI) of hearing loss among women with osteoporosis who did not use
bisphosphonates was 1.17 (1.10, 1.24) and among those who used bisphosphonates was 1.15 (1.07, 1.24). A
history of VF was associated with higher risk of hearing loss, but HF was not. Compared with women with
no history of VF, the MVRR (95% CI) among women with a history of VF was 1.32 (1.16, 1.49). Further
adjustment for bisphosphonate use did not alter the results.
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Conclusions
Osteoporosis was independently associated with higher risk of incident moderate or worse hearing loss in
women. The magnitude of the elevated risk was similar among women who were and were not treated with
bisphosphonates. VF was associated with higher risk of hearing loss, but HF was not. Additional studies are
needed to uncover the mechanisms linking bone density and bone quality and hearing loss.
SU6. Task-Related Suppression of Correlated Variability of Population Activity in A1 Predicts
Behavioral Performance but Not Changes in Neural Discrimination
Auditory Cortex: Anatomy, Physiology & Function
Charles Heller*1, Daniela Saderi1, Stephen V. David1
1
Oregon Health and Science University
Background
Neural activity in the auditory cortex (AC) is noisy, in that the number of spikes elicited by the same sound
varies across repeated presentations. This variability is often shared between neurons, producing correlated
noise across neural populations. Despite substantial noise, sound perception is robust, and the impact of noise
correlations on sensory coding is not well understood.
One possibility is that correlated variability is orthogonal to dimensions of population activity that carry
information about the stimulus and thus does not interfere with sensory signals. A second possibility is that
noise is actively shaped by top-down mechanisms such as attention. In this scenario, attending to a sound
feature suppresses shared noise in neurons encoding that feature, thereby enhancing representation of the
attended sound. Determining which of these mechanisms operates in AC requires recording from neural
populations in awake animals during changing behavior conditions.
Methods
We recorded activity in primary auditory cortex (A1) of 5 ferrets using 64-channel linear electrode arrays.
During recordings, animals transitioned between active engagement in a go/no-go tone detection task and
passive listening to task stimuli. Ferrets licked in response to a rewarded target tone embedded in noise and
suppressed licking during presentation of a series of reference noises. A range of target signal-to-noise ratios
(SNRs) were tested in each experiment, ranging from -20 dB to +5 dB.
Results
In all animals, shared variability was strongly suppressed in A1 when animals engaged in the tone detection
task, relative to passive listening. The degree of suppression was correlated with the animal’s behavioral
performance. To determine if this change led to better decoding of stimulus categories by A1 population
activity, we trained an optimal linear decoder to discriminate between target tones and reference noise using
simultaneous population activity. The decoder worked by measuring the distance between single-trial
responses projected onto a one-dimensional decoding axis. Decoding improved consistently during taskengagement. For high SNR target tones, the decoding axis tended to be orthogonal to changes in shared
response variability. Thus, although suppression of noise correlation scaled with behavioral performance,
these changes did not contribute to improved decoding. However, for low SNR targets, the decoding axis
tended to be more aligned with the noise, suggesting that suppression of noise correlation may facilitate
accurate decoding in more difficult perceptual tasks.
Conclusions
The strength of shared, stimulus-independent variability between AC neurons is strongly dependent on
behavioral state. For easy perceptual tasks, this noise has little impact on decoding from neural population
activity. However, for more difficult discriminations, task-dependent suppression of shared noise improves
neural coding of behaviorally relevant categories.
SU7. Nicotinic Regulation of Sound-Evoked Responses in Mouse Auditory cortex: A Study Using
Transcranial Flavoprotein Autofluorescence
Auditory Cortex: Anatomy, Physiology & Function
pg. 51

The Association for Research in Otolaryngology (ARO)
The 44th Annual MidWinter Meeting
Sunday, February 21, 2021, U.S. Eastern Time Zone

Makoto Nakanishi*1, Hideki Kawai1
1
Soka University
Background
In previous in vivo electrophysiological studies, systemic nicotine exposure enhanced characteristic frequency
(CF) tone-evoked local field responses and reduced nonCF-evoked responses at a CF site via dihydro-βerythroidine (DHβE)-sensitive nicotinic acetylcholine receptors (α4β2*-nAChRs) in mouse primary auditory
cortex. It suggested nicotinic modulation of spatial patterns of tone-evoked neural activities in single recording
sites. However, nicotinic effects on neural activities across the field of the auditory cortex (ACx) are unclear.
Flavin autofluorescence changes can be used to non-invasively detect neuronal activities in anesthetized
animals (Kubota et al., 2008, Neurosci. Res. 60, 422-430; Tsukano et al., 2016, Sci. Rep., 6:22315). Utilizing
this technique, we investigated systemic nicotine effects on tone-evoked responses in mice.
Methods
We anesthetized male C57BL/J mice (postnatal days 36-40) with urethane and xylazine, cut the scalp, and
shaved the skull. After clearing with mineral oil, ACx was identified by flavin responses evoked by 20Hz AM
tones using a CMOS camera under the 2.5x objective lens by monitoring green autofluorescence (530-550
nm) excited by the blue LED light (430-490 nm). After a stable baseline of at least 3 consecutive imaging (5
min/imaging), nicotine (6 mg/kg, hydrogen tartrate salt) was injected intraperitoneally, and continued
imaging. For local application to block α4β2*-nAChRs, a glass pipette filled with DHβE (10 μM) was inserted
into a location 300-500 μm dorsal to the response site, and 500 nl DHβE was injected over 5 min and followed
by 6 consecutive imaging before nicotine injection. The baseline-subtracted fluorescence intensity difference
(Δf/f, %) was quantified to compare the data between pre- and post-nicotine injection with or without DHβE
injection.
Results
Systemic nicotine exposure enhanced peak intensity of frequency-specific tone-evoked flavin responses (prenicotine: 0.43 ± 0.04%, post-nicotine: 0.84 ± 0.01%, n = 9). DHβE injection blocked this enhancement (DHβE:
0.45 ± 0.11%, Nicotine after DHβE: 0.53 ± 0.11%, n = 3). We also analyzed active response area above
intensity threshold (> 2.5 x S.D. of the baseline). Nicotine increased the intensity of the response area without
affecting area size in the absence (pre-nicotine: 1.87 ± 0.52 mm2, post-nicotine 1.93 ± 0.46 mm2, n = 9) or
the presence of DHβE (DHβE: 1.41 ± 0.92 mm2, Nicotine after DHβE: 1.54 ± 0.54 mm2, n = 3).
Conclusions
We conclude that systemic nicotine via α4β2*-nAChRs enhances sound-evoked cortical activities at the peak
and in the wide tone-activated cortical field of ACx as measured by flavin autofluorescence. This nicotinic
enhancement did not broaden the activated field, suggesting that nicotine does not enhance the spreading of
neuronal activities outside the field. These data provide evidence for nicotinic cholinergic regulation of
cortical processing and further support its role as a sensory cognitive enhancer in the ACx.
SU8. Music-Selective Cortex is Sensitive to Both Rhythm and Melody
Auditory Cortex: Human Studies
Dana Boebinger*1, Samuel Norman-Haignere2, Josh McDermott3, Nancy Kanwisher3
1
Harvard / MIT, 2Columbia University, 3MIT
Background
Recent research has revealed neural populations within human non-primary auditory cortex that respond
selectively to music. These music-selective neural populations respond strongly to a wide range of music
stimuli, and weakly to virtually all other natural sounds and to synthetic control stimuli matched to music in
many acoustic properties, suggesting that they are driven by a set of high-level features of music. What are
these features? Here we test the extent to which melody and rhythm contribute to music selective neural
responses.
Methods
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Music selectivity is weak when measured in raw responses using standard voxel-wise fMRI analyses, due to
spatial overlap between music-selective neural populations and neural populations with other selectivities (e.g.
pitch). To overcome these challenges, we use voxel decomposition to infer a small number of component
response profiles that collectively explain voxel responses throughout auditory cortex to large set of natural
sounds. This approach makes it possible to disentangle the responses of neural populations that overlap within
voxels and reveals a neural population with clear selectivity for music compared to both speech and other realworld sounds. After localizing this music-selective component in each of 13 participants individually, we
brought participants back for a second fMRI scanning session in which we measured the response of the music
component to synthetic music clips in which we selectively manipulated the melodic and/or rhythmic structure
by scrambling either the note pitches and/or onset times.
Results
As expected, the music-selective component responded most strongly to music clips with intact melodic and
rhythmic structure, and minimally to our non-music control stimuli. We observed significant main effects of
pitch-scrambling and rhythm-scrambling. Further, these two factors interacted significantly, suggesting that
sensitivity to rhythm and to melody arise in the same neural population. A separate analysis using synthetic
drum stimuli also showed a large effect of rhythm-scrambling, further strengthening the argument that these
music-selective neural populations are sensitive to rhythm. Moreover, we observed no effect of melodic and
rhythmic scrambling in the other auditory cortical response components, suggesting that sensitivity to higherorder melodic and/or rhythmic structure is specific to music-selective neural populations.
Conclusions
Our results suggest that music-selective neural populations are not driven by either melodic or rhythmic
structure alone, but rather that the processing of melody and rhythm are inextricably linked, at least within
music-selective neural populations within auditory cortex.
SU9. Neural Speech Processing During Selective Listening in an Audio-Visual Monologue Vs.
Dialogue Paradigm
Auditory Cortex: Human Studies
Sascha Bilert*1, Jens Hjortkjær2, Emina Aličković1, Martha Shiell1, Sergi Rotger-Griful1, Johannes Zaar1
1
Eriksholm Research Centre, Oticon A/S, 2Technical University of Denmark
Background
Over the past decade, a number of studies have shown that it is possible to decode the speech stream a person
attends to from electroencephalography (EEG) responses to competing speech streams. Attention decoding
models have potential use in brain computer interface (BCI) and hearing applications, e.g., by controlling
beamformers in hearing aids. Previous research has mainly focused on controlled acoustic conditions,
typically with the task of selectively attending to one talker in the presence of a competing talker (i.e. two
monologues) and background noise. In the present study, we consider attention decoding in a more realistic
condition by introducing a multi-talker target in the form of a dialogue.
Methods
14 young normal-hearing native Danish speakers participated in the experiment. Single-trial EEG responses
as well as head movements and eye-gaze were measured while participants were presented with audio-visual
speech stimuli in two conditions. In the “baseline” condition, participants were presented with either a
monologue or a dialogue in quiet. In the “main” condition, participants were simultaneously presented with a
monologue and a dialogue, embedded in multi-talker babble noise, and instructed to attend to either
monologue or dialogue in different trials. All speech stimuli were presented on an 88-inch wide curved screen
and via loudspeakers positioned behind the screen. After each trial, participants were asked to respond to a
comprehension question and to provide a rating of perceived difficulty.
Results
An analysis of the behavioral data showed a significant difference in difficulty ratings between baseline (a
single attended stream) and main (competing streams) conditions whereas there was no difference between
attending to the monologue or the dialogue in either condition. The comprehension question accuracy was at
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ceiling (baseline) or close to ceiling (main) with no significant differences. Regarding the eye-gaze, a
significant difference was found between monologue and dialogue attended both in terms of saccade
amplitude and number of saccades. For the EEG responses, both envelope encoding and decoding models
were investigated. Participant-specific encoding models showed the expected effect of enhanced envelope
tracking of the attended speech stream, with a larger difference between attended dialogue and unattended
monologue than in the opposite case. Accordingly, decoding models showed an increased envelope
reconstruction accuracy and classification accuracy for the attended dialogue as compared to the attended
monologue.
Conclusions
The results suggest that, when using audio-visual stimulation, two speakers that engage in a dialogue induce
different eye-gaze patterns as well as more robust apparent envelope entrainment than a single monologue
speaker. The cause of the differences in observed envelope entrainment between the dialogue and monologue
attended cases is part of an ongoing investigation, considering the role of eye movements as well as differences
in terms of acoustical stimulus characteristics and listening effort.
SU10. Self-Rated Noise Sensitivity is Related to Bottom-Up Switching of Auditory Attention
Auditory Cortex: Human Studies
Marina Kliuchko*1, Johanna Rösch2, Niels T. Haumann2, Elvira Brattico2
1
Technical University of Denmark, 2Center for Music in the Brain, Aarhus University
Background
Noise-sensitive individuals are more susceptible to adverse effects of noise, have difficulties tolerating
background sounds, and are easily distracted in the presence of noises. A handful of studies that addressed
underlying mechanisms of noise sensitivity in healthy individuals indicated altered pre-attentive stages of the
central auditory processing related to encoding and discrimination of sound in individuals with high- vs low
sensitivity to noise. The involvement of the attentional capture processes in noise sensitivity remained,
however, unexplored. In this study, we investigated noise sensitivity in relation to involuntary attention
allocation to salient auditory events. For that, we probed the attention-related component of the event-related
potential (ERP) P3a, as well as the pre-attentive mismatch negativity (MMN) and the early P1 response
elicited by sound feature changes during a passive listening condition.
Methods
We analyzed a subset of 64 EEG recordings from the “Tunteet” multimodal dataset that included several
experimental paradigms studying various aspects of auditory processing. In this subset, normal-hearing adults
(31 males; age range from 19 to 52, M = 29.2) were presented with a multi-feature MMN paradigm while
focusing on a silent movie. The paradigm consisted of a piano tone (standard) alternating with deviants of six
types with three magnitudes of change each (Torppa et al., 2012). The timbre deviants, i.e., a change of a
musical instrument to either cembalo, violin, or cymbal, evoked reliable P3a responses and were selected for
the analysis. ERP components were accessed at the maximal amplitude site (Fz). Noise sensitivity was
evaluated with Weinstein’s Noise Sensitivity Scale.
Results
Pearson’s correlation coefficients were computed between the noise sensitivity score and (1) MMN and P3a
obtained for each of the three deviants, (2) P1 to the standard tone. The amplitude of the P3a to the medium
deviation (violin) negatively correlated with the noise sensitivity score. An additional partial correlation
controlling for gender and age effects confirmed the initial finding. This was done to account for the observed
negative effect of age on the amplitudes of P1 and P3a as well as for the stronger P1 to the standard tone and
P3a to the cymbal sound in female participants as compared to males. Gender-controlled partial correlation
suggested a negative relationship between NS and the P1 amplitude. There were no significant correlations
with the noise sensitivity score for MMN.
Conclusions
This preliminary analysis suggests the association between the self-rated perceptual phenomenon of noise
sensitivity with the bottom-up mechanisms of involuntary attention switching as indicated by P3a.
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Additionally, the findings indicate that the P1 and P3a amplitudes differ between genders and correlate with
advancing age.
SU11. Central Stress Responses Account for Auditory Nerve Sensitivity
Auditory Nerve
Philine Marchetta*1, Philipp Eckert1, Wibke Singer1, Lukas Rüttiger1, Marlies Knipper1
1
University Hospital Tuebingen
Background
Stress comprises two contrasting effects on the auditory function: On the one hand, stress related
glucocorticoids (GCs) are protective for the hearing organ during damaging situations. On the other hand,
chronic stressors are also risk factors for hearing disorders, as they negatively influence tinnitus symptoms,
among others. The link between both contrasting stress actions has remained elusive. We hypothesize that the
two different stress receptors mineralo- (MR) and glucocorticoid receptors (GR), which translate the different
physiologic stress responses depending on the level of the stress, play a guiding role via top down, central
auditory to peripheral cochlear, signaling.
Methods
We performed a timed conditional deletion of stress receptors in adult tamoxifen inducible MR- and/or
GRCaMKIIαCre KO mice, which leads to selective deletion of the stress receptors in the frontal brain regions
(e.g. hippocampus) within 4 weeks, and we analyzed the functional consequences in the hippocampus and the
auditory pathway using LTP, DPOAE, ABR thresholds and supra-threshold waves, ASSR, and CAP. Cochlea
and brain tissue were immunohistochemically stained with specific markers for changes in excitation and
inhibition.
Results
Much to our surprise, we found that the central deletion of MR and/or GR in frontal brain regions exhibits a
top down influence on peripheral auditory fibers.
Conclusions
Therefore, peripheral auditory function of cochlear hair cells and neurons is most likely under control of
centrally occurring responses to stressful damaging situations mediated by differential activation of GC
receptor types.
SU12. Open Board
SU13. Phase-Locking of the Human Cochlear Nerve Assessed by Direct Electrophysiological
Recording During Brain Surgery
Auditory Nerve
Anne-Renée Meijer*1, Jolien Kleinhuis2, Gea Drost1, Marc van Dijk1, Pim Van Dijk1
1
University Medical Center Groningen, 2Pento Audiological Center
Background
Registration of auditory response properties helps to understand normal auditory functioning and could
therefore help to study auditory pathology. The aim of this study is to determine normal response
characteristics, especially phase lock characteristics, of the auditory nerve in normal hearing human subjects.
Methods
Only adult participants (18 years or older) without tinnitus and with good hearing thresholds were included
(PTA over 0,5 to 4kHz less than or equal to 30dB HL). Direct whole-nerve response were obtained from the
cochlear nerve during Jannetta procedures for hemifacial spasms. During this procedure an electrode was
placed against the cochlear nerve in order to record responses to external stimuli delivered by insert earphones
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placed in the external ear canal. Nerve responses were measured in response to click (80dB SPL) and pure
tones (0.5-0.75-1-1.5-2-2.5kHz, 80dB SPL).
Results
Responses were measured on nine participants. In 8 out of 9 participants a characteristic waveform was
detected as response to click stimuli. This waveform started with a small negative deflection (1.4 ± 0.19 ms),
followed by a larger positive deflection (2.0 ± 0.25 ms) and a second negative (2.7 ± 0.29 ms) and small
second positive (3.3 ±0.29) deflection. The waveforms showed a high variety in amplitude between
participants and measurements, due to varying stability and pressure onto the nerve. Tone-evoked responses
were assessed in six participants. The CAP, assessed by adding rarefaction and condensation responses, was
present in all tested frequencies. Phase-locking, assessed by subtracting condensation and rarefaction, was
present for tone pips up to 1500Hz but was strongest for lower frequencies. When phase lock amplitude was
normalized to CAP amplitude, to correct for amplitude variances between measurements, the resulting ratio
decreased with frequency.
Conclusions
Recordings from healthy cochlear nerves can be obtained fairly easily during Jannetta procedures for
hemifacial spasms. The healthy auditory nerve phase locked to frequencies up to 1500Hz, with phase locking
being stronger to lower frequencies.
SU14. Model-Based Hearing Restoration Strategies for Cochlear Synaptopathy Pathologies
Auditory Pathways: Brainstem
Fotios Drakopoulos*1, Viacheslav Vasilkov1, Alejandro Osses Vecchi1, Sarah Verhulst1
1
Ghent University
Background
With age, our hearing ability starts to decline; communicating in noisy environments becomes challenging,
and hearing faint sounds difficult. Part of this decline stems from outer-hair-cell (OHC) damage in the inner
ear, and another factor relates to synaptic damage at the auditory-nerve, i.e., cochlear synaptopathy (CS).
Because CS occurs earlier in time than OHC loss in the ageing process, it is expected that a large population
of people with self-reported hearing difficulties (but normal audiograms), or those with impaired audiograms,
suffer from synaptopathy. Despite its suspected high prevalence, conventional hearing-aid algorithms do not
specifically compensate for the functional deficits associated with CS.
Methods
In this study, we present and evaluate a number of CS-compensating algorithms that maximally restore CSaffected sound processing. Using a biophysically inspired model of the auditory periphery, we applied a
numerical method that altered sound processing such to minimize the difference between simulated auditory
CS responses and normal-hearing responses, applied to three different CS types. The developed algorithms
operate on the time-domain signal, preserve the stimulus envelope peaks, but modify sound on- and offsets
such to increase the resting periods between stimulation. The remaining auditory-nerve fibers are thus
optimally stimulated and able to recover faster from prior stimulation to generate stronger onset responses.
Our simulations show that auditory-nerve responses can, partially or fully, be restored after applying our
processing to amplitude-modulated tonal stimuli, as well as to high-pass filtered speech.
Results
To evaluate the applicability of our methods to people with suspected CS, we designed an experiment that
assessed whether our CS-algorithms yielded envelope-following response (EFR) enhancements, and
improvements in amplitude-modulation (AM) detection and speech intelligibility. Normal-hearing volunteers
with ages between 18-25 or 45-65 y/o participated in the study and listened to the processed (3 CScompensating algorithms) and unprocessed audio for each of the aforementioned tests. Our preliminary data
show that EFRs and perceptual AM sensitivity were enhanced in both young and old normal-hearing listeners
when using our compensation algorithms. Speech reception thresholds in the Matrix test showed a small
improvement that was not consistent across participants, motivating us to explore different ways of fine-tuning
the algorithms when applied to speech.
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Conclusions
We conclude that this new type of sound processing can improve peripheral temporal envelope processing in
NH listeners with or without suspected age-related CS, while leaving sound amplification unaffected. This
type of algorithm may extend the application range of current hearing-aids which typically only compensate
for the outer-hair-cell aspect of hearing loss. Our speech intelligibility results suggest that further optimization
or training might be necessary to robustly increase the impact of this new type of hearing restoration
algorithms for speech understanding.
Work supported by the European Research Council (ERC-StG-678120, RobSpear).
SU15. Temporal Modulation Transfer Function Based on Time-Averaged Responses of Units in a
Neural Network Model
Auditory Pathways: Brainstem
Takuya Koumura1, Hiroki Terashima1, Shigeto Furukawa*1
1
NTT Communication Science Laboratories
Background
Human sensitivity to amplitude modulation (AM) is often characterized as a temporal modulation transfer
function (TMTF), a modulation detection threshold as a function of the modulation rate. TMTFs are known
to depend on the carrier properties. Generally, a wide-band and a narrow-band carrier yields a low-pass and a
high-pass TMTF, respectively. TMTFs have been explained by a model incorporating a bank of band-pass
filters in the modulation-rate domain (a modulation filter bank). If such a filter bank exists, where is it located,
and how is AM detection conducted based on its output?
We approach these questions by examining a neural network (NN) model trained for sound classification
(Koumura et al., J. Neurosci, 2019). The AM-rate sensitivities in the units across layers in the NN were found
to share “physiological” characteristics similar to those of the neurons across processing nuclei of the
biological auditory system, observed in physiological studies.
Methods
In simulations of psychophysical AM detection experiments, the NN underwent a 2- or 3- interval alternative
forced choice test for computing the AM detection threshold. An AM detector calculated an AM score for
each stimulus interval, which was derived from the model’s representation of the stimulus. The score varied
due to the randomness of the noise carrier but was expected to be generally larger for the interval containing
a modulated rather than a non-modulated stimulus. We tested two types of detectors: one based on temporal
correlation with templates (Koumura et al., ARO, 2020), and the other based on time-averaged activity (this
study).
As to the former, templates for fully modulated and non-modulated stimuli were calculated by averaging the
unit activities across multiple carrier samples. The AM score was calculated based on the correlations of the
response to the test stimulus with the two templates.
The latter detector was based on time-averaged responses, which were computed in each layer for modulated
and non-modulated stimuli and were used as inputs for logistic regression. The AM score was calculated as
its output probability.
Results
The following simulated TMTFs were similar to the psychophysical TMTFs in humans: those derived by the
template-based detector in the middle layer and those derived by the time-average-based detector in the higher
layers. It should be noted that our previous study (Koumura et al., J. Neurosci, 2019) showed that physiological
AM tuning in the middle layers is similar to that in the inferior colliculus (IC), and the tuning in the higher
layers is similar to that in the medial geniculate body and cortex.
Conclusions
These results suggest the possibility that IC neurons can work as a modulation filter bank and that higher brain
regions might use its converted output for AM detection tasks.
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SU16. FMRP Regulation of Protein Synthesis in Developing and Mature Auditory Brainstem
Auditory Pathways: Brainstem
Xiaoyan Yu*1, Kyla Roginski1, Jennifer Steiner1, Yuan Wang1
1
Florida State University
Background
Fragile X syndrome (FXS) is the most common genetic cause of autism. It is characterized by sensory
hyperexcitability due to a functional loss of fragile X mental retardation protein (FMRP, the protein product
of the Fmr1 gene). FMRP is an RNA-binding protein that controls the synthesis of a large number of proteins
via diverse mechanisms. Loss of FMRP results in an elevated rate of overall protein synthesis in cultured
neurons and hepatic cells. In Fmr1 knockout (KO) mouse brains, elevated protein synthesis was also reported,
but with significant regional variations. Proteomic analyses further revealed that the level of individual
proteins can be either increased or decreased in age- and region-dependent manners. Therefore, it is not clear
how changes in overall protein synthesis are associated with actual levels of specific proteins, particularly
those essential for normal brain development, and how this association varies with age and brain functional
domain.
Methods
To address these questions, we compared the spatial-temporal patterns of brain protein synthesis between
wildtype (WT) and Fmr1 KO mice. In vivo protein synthesis was detected using the SUnSET technique, which
utilizes puromycin to label newly synthesized peptides. Puromycin incorporation was quantified by western
blotting in three brain areas (neocortex, cerebellum, and brainstem) at two ages, postnatal day 10 (P10) and
young adult (2 months or P60). We are currently determining whether and how FMRP loss affects the overall
rate of protein synthesis in an age-dependent manner. Additionally, we are examining the cell group specificity
of this effect in auditory brainstem cell groups using puromycin immunocytochemistry. Furthermore, we are
evaluating changes in the level of specific FMRP-associated mRNAs when FMRP is absent. Finally, we are
considering a potential involvement of altered protein degradation in FMRP loss-induced protein level
changes.
Results
So far, we have found that puromycin incorporation in WT mice is significantly higher at P10 as compared to
P60 in both neocortex and brainstem, indicating a higher protein synthesis rate during development. we also
found that FMRP loss leads to opposite directions of changes in functionally similar protein family members
in the cochlear nucleus.
Conclusions
Together, we expect our results to provide fundamental knowledge required for understanding FMRP
regulation of both overall and individual protein synthesis as well as degradation in developing and mature
auditory neurons.
SU17. Speech Processing in the Bilingual Neural System: Does It Predict Behavioral Performance?
Auditory Pathways: Brainstem
Dana Bsharat*1, Hanin Karawani1
1
University of Haifa
Background
Behavioral studies have shown that bilinguals suffer more than monolingual listeners in background noise.
Evidence from cortical electrophysiological studies shows that cortical structures and functions are influenced
by the lifelong experience of knowing multiple languages. Few studies have examined subcortical processing
of speech sounds in the bilingual auditory system using the speech auditory brainstem response (speech-ABR).
The current study aimed to examine the association between bilingual behavioral and physiological
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mechanisms. It characterized the physiological speech-ABR in bilingual and monolingual speakers under
challenging listening conditions and examined behavioral-physiological correlations.
Methods
Thirty Hebrew monolingual and 30 Arabic-Hebrew bilingual normal-hearing young adults (20-35 years old)
participated in the study. ABRs evoked by clicks and the speech syllable /da/ were collected. Speech-ABRs
were recorded in quiet and noise (signal to noise ratio = 0) conditions. Words and sentences speech perception
tasks under the same conditions were also examined to study the physiological-behavioral relationship.
Results
All behavioral and electrophysiological outcomes were similar in both groups when tested in quiet. Noise, as
expected, diminished behavioral and neural responses in general. However, significant differences were found
between groups in this noise condition. In the behavioral measures, bilinguals achieved lower scores in
perceiving speech stimuli embedded in noise compared to their monolingual counterparts. Interestingly, and
although the adverse effect of noise was more pronounced in the bilinguals’ behavioral outcomes, a different
pattern was observed in the physiological measures. Speech-ABRs demonstrated earlier peak latencies in the
bilingual compared to the monolingual group. In addition, better performance in behavioral tasks correlated
with enhanced neural encodings of the fundamental frequency. This correlation was stronger in noise and
among bilingual participants.
Conclusions
Our findings provide evidence for neural characteristics distinguishing bilinguals from monolinguals at lower
levels of the auditory system. The different patterns observed in the behavioral and electrophysiological
findings provide insight into the differential effects of bilingualism. On one hand, the disadvantage of
bilingualism in the perceptual tasks can be attributed to the complex linguistic experience and the co-activation
that occurs between languages. On the other hand, this phonologic experience in bilinguals and the continuous
exposure to more than one language seems to alter the neural function and fit bilingual subcortical regions
with automaticity of sound processing in passive tasks (as seen in the physiological outcomes). Moreover, the
relationship between brainstem responses and behavioral measures supports the idea that enhanced preconscious alteration of the brainstem response can advance behavioral performance. Further research
investigating this relationship in older bilingual adults may contribute to the physiological plasticity
mechanisms. The authors are studying whether continuous exposure to language (with age) compensate for
exacerbated speech perception difficulties typically observed with aging.
SU18. ATP-Sensitive Potassium Channels Regulate Action Potential Firing of Cartwheel Neurons in
the Dorsal Cochlear Nucleus
Auditory Pathways: Brainstem
Paulo Sergio Strazza jr.1, Daniela Vanessa Siqueira1, Nikollas Benites1, Ricardo Leao*1
1
University of Sao Paulo
Background
Cartwheel neurons from the dorsal cochlear nucleus (DCN) are glycinergic interneurons and the primary
source of inhibition on the fusiform neurons, the principal excitatory neuron in the DCN. Most cartwheel
neurons present spontaneous firing (active neurons), producing a steady inhibitory tone on fusiform neurons.
In contrast, a small fraction of these neurons does not fire spontaneously (quiet neurons). Hyperactivity of
fusiform neurons is seen in animals with behavioral evidence of tinnitus and because of its relevance in
controlling the excitability of fusiform neurons, we investigated the ion channels responsible for the
spontaneous firing of cartwheel neurons.
Methods
Whole-cell patch-clamp recordings were performed on Cartwheel and Fusiform neurons from slices of Dorsal
Cochlear Nucleus from rats age p18-22. Fusiform and cartwheel neurons were identified by their
electrophysiological properties. Cartwheel neurons that fired action potentials at rest were classified as
"actives", while silent cartwheel neurons were classified as "quiets". Drugs were applied by bath superfusion,
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except sodium salicylate that was incubated with the slices for one hour at least. Recordings were performed
at 31-33oC.
Results
We found that most cartwheel neurons were active (active: 81.5%, quiet 18.5%; n= 135). Quiet neurons had
more negative membrane potentials than active neurons. We found that inhibition of KATP channels turns
quiet neurons into active neurons, and on the other hand, active cartwheel neurons became quiet after
application of diazoxide, an agonist of KATP channels. Voltage-clamp recordings showed that only quiet
cartwheel neurons express a current sensitive to tolbutamide. Accordingly, Tolbutamide decreases the
spontaneous glycinergic IPSCs (sIPSCs) on fusiform neurons, while diazoxide decreased the sIPSCs on
fusiform neurons. Finally, incubation with millimolar concentrations of sodium salicylate, a tinnitus-inducing
drug, increase the number of quiet cartwheel neurons expressing KATP currents.
Conclusions
We conclude that KATP channels are a key channel controlling the spontaneous firing of the glycinergic
cartwheel neuron in the DCN and consequently of the inhibitory glycinergic tone on the fusiform neurons.
Additionally, we found evidences that the tinnitus inducing drug, salicylate, affects DCN excitability by action
upon KATP channels of cartwheel neurons, decreasing the inhibitory tone on fusiform neurons.
SU19. Neural Cues for Roving-Level Tone-In-Noise Detection in the Inferior Colliculus of Awake
Budgerigars
Auditory Pathways: Midbrain
Yingxuan Wang*1, Kristina Abrams1, Laurel Carney1, Kenneth Henry2
1
University of Rochester, 2University of Rochester Medical Center
Background
Tone-in-noise (TIN) detection provides a simplified paradigm to explore the mechanisms underlying hearing
in noise – a common challenge faced by listeners. Previous human studies suggest that stimulus energy and
envelope structure provide the main cues that listeners use for TIN detection. Notably, envelope cues are
crucial to explain the robustness of listeners’ TIN sensitivity under roving-level conditions, for which singlechannel energy cues are unreliable. The neural mechanisms underlying TIN detection remain unclear, because
existing neurophysiological studies have generally not considered sensitivity under roving-level conditions.
Methods
The present study examined fixed- and roving-level TIN detection in inferior colliculus (IC; midbrain level)
neurons of the budgerigar (Melopsittacus undulatus), a small parrot species with TIN behavioral thresholds
similar to humans. The midbrain was chosen for this study because response rates of these neurons vary with
both stimulus energy and envelope cues. Stimuli ranged in frequency from 0.5-4 kHz and across a wide range
of levels. Noise was one-third octave in bandwidth and log centered on the tone frequency. IC recordings were
made in awake animals using implanted electrodes.
Results
Response rates to TIN stimuli in budgerigar midbrain neurons varied with energy level and an envelope cue
(normalized envelope slope) as expected. A multiple regression model incorporating both terms was able to
explain a high proportion of variance in response rate of most individual neurons. Whereas response rate
varied primarily with energy in some neurons, others showed strong dependence on the envelope cue as well,
especially when the test frequency was equal to or higher than the neuron’s characteristic frequency. Many
neurons had TIN thresholds low enough to account for behavioral sensitivity to fixed-level TIN stimuli.
Predicted effects of a roving-level paradigm were lower in neurons with greater dependence on the envelope
cue, but were surprisingly still greater than ~5 dB, even in the most rove-resistant neurons. Thus, the ~1-dB
rove effect observed behaviorally could not be explained based on the responses of any single IC neuron. A
multiple-channel model achieved by linear combination of responses from two units showed a rove effect of
only 0.6 dB, which was a close match to the behavioral result. The linear combination was performed by
subtracting the rate of an energy-dependent cell from the rate of a cell dependent on both cues, resulting in
relatively pure response-rate dependence on the envelope cue.
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Conclusions
These results underscore the importance of neural encoding of envelope structure for hearing under real-world
conditions with random variation in background noise level. This research was supported by grants R01DC001641 and R01-DC017519 from NIDCD.
SU20. Characterization of Hydrogel Coating of Cochlear Implants and Implant Biomaterials
Auditory Prostheses
Douglas Bennion*1, Ryan Horne1, Adreann Peel1, Allan Guymon1, Marlan Hansen2
1
University of Iowa2University of Iowa Hospitals and Clinics
Background
For those with disabling sensorineural hearing loss, cochlear implantation (CI) represents a viable surgical
treatment option. With recent innovations in surgical technique and electrode array design that enable
preservation of low-frequency hearing, implementation of strategies in cochlear implantation to minimize
intracochlear trauma during implantation are of increasing importance. To this end, bioengineering advances
in application of thin film zwitterionic coatings to relevant biomaterials provide a promising avenue. These
coatings have the advantage of attracting a water layer to the surface of the hydrogel, potentially allowing
reduced friction and subsequent insertion force.
Methods
Using a recently designed one-step process, hydrogel coatings formulated via zwitterionic polymerization
were applied to the surface of polydimethylsiloxane (PDMS, silastic), the primary material constituting
cochlear implant housing. The durability of these thin-film coatings was tested as a function of cross-link
density and zwitterion constituents. We measured coefficient of friction using tribometry on coated versus
uncoated silastic. In a related set of experiments, human cochlear implants were selectively coated along the
electrode portion of the array using a novel outer sheath coating method. These coatings were characterized
by scanning electron microscopy with energy dispersive x-ray spectroscopy. Additional confirmation tests
were performed using methylene and fluorescein dye. To investigate the potential beneficial effects of these
coatings in the setting of cochlear implantation, insertional force measurements were obtained using coated
versus uncoated human implants in cadaveric cochlea (n=9 per group).
Results
SEM of thin-film coatings revealed selective uniform application along the electrode portion at the tip of the
arrays, as confirmed by robust silicone spectroscopy signaling of the coated surfaces. Methylene blue dye
staining allowed visual confirmation of the coated regions, and fluorescein dye provided microscopic
fluorescent assessment with clearly demarcated coated versus uncoated regions of the implants. Hydrogel
durability curves were obtained as a function of cross-linker density and monomer selection. From a functional
standpoint, zwitterionic hydrogel coating of PDMS resulted significant reductions in frictional coefficients
when tested using probe tips of various synthetic and biologic materials (p<0.001). During insertion of implant
arrays into human cadaveric cochleae, maximum force of insertion was also significantly reduced (p<0.01).
Conclusions
This represents the first report of thin film zwitterionic coatings of cochlear implant electrode arrays, which
we have characterized as uniform and regionally selective and which result in reduced frictional coefficients
and decreased insertional force. These encouraging findings support that photografting thin film zwitterionic
coatings of electrode arrays may reduce insertional trauma and thereby promoting hearing preservation during
cochlear implantation.
SU21. A PVDF Intracochlear Hydrophone for Fully Implantable Assistive Hearing Devices
Auditory Prostheses
John Zhang*1, Benjamin Cary1, Elizabeth Olson2, Hideko Heidi Nakajima3, Jeffrey Lang1
1
MIT, 2Columbia University, 3Harvard Medical School, Mass. Eye & Ear Infirmary
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Background
Current cochlear implants (CIs) are bulky, can only be worn during the day, and do not function well in noisy
environments. Totally implantable CIs with implantable microphones would allow for directional and focused
hearing by taking advantage of ear mechanics and be usable in almost all environmental conditions all day
and night. Current implantable microphones suffer from unstable mechanics, poor signal-to-noise ratio, and
low bandwidth. We have developed a polyvinylidene (PVDF) intracochlear hydrophone towards the goal of
fully implantable systems. This work demonstrates how we have used analytical modeling, numerical
simulation, and experiments to design the sensor for high-bandwidth sensitivity, surgical viability, and
improved signal-to-noise by electrical shielding and circuit design.
Methods Our approach combines analytical models for design guidance, numerical models for design
verification, and experiments for validation. An analytical model is derived on the basis of the theory of
piezoelectricity. Numerical modeling of the PVDF sensor and its response to pressure in an incompressible,
inviscid column of water is done in COMSOL Multiphysics. The experimental verification is done in
accordance with vibrating liquid column methods for hydrophone calibration.
Results
Using the small piezoelectric coupling approximation for PVDF, the forced vibration analysis can be reduced
to a pure elasticity problem. The stress can be calculated from the hydrostatic pressure excitation (equivalent
to pressure in the Scala Tympani) of arbitrary profile along the length of the PVDF. From the stress, we
compute the charge output of the sensor. Our finite element model matches the analytical result exactly for
frequencies in the hearing range. Analytical expressions for the gain and bandwidth are derived for the
purposes of design. The analysis suggests that the copolymer PVDF-TrFE should be used due to its higher
hydrostatic sensitivity, area of the sensor should be maximized to maximize gain, and length should not exceed
a maximal value determined by the bandwidth requirement. In addition, a short-circuit topology charge
amplifier maximizes the SNR of the sensor by carefully minimizing thermal and amplifier noise and
attenuating electromagnetic interference by PCB design and shielding. The performance of the charge
amplifier has been verified in experiments and the voltage noise is within 3.3 times the predicted value from
a LTSpice model of the charge amplifier.
Conclusions We have derived and verified a suitable analytical model for the piezoelectric hydrophone that
can be used to guide the process of design. We have also designed and implemented a charge amplifier for the
hydrophone that maximizes SNR. In future work we will verify numerical model parameters, conduct bench
testing, and generate device manufacturing processes.
SU22. A New Type of a Cochlear Implant With Piezoelectric Membrane
Auditory Prostheses
Hideaki Ogita*1, Koji Nishimura2, Takayuki Nakagawa2, Juichi Ito1, Tetsuro Tsuji3, Satoyuki Kawano4,
Hidetoshi Kotera5, Takeshi Nizuka6, Masanori Enrin6, Hisakazu Ninomiya6
1
Shiga Medical Research Institute, 2Graduate School of Medicine, Kyoto University, 3Graduate School of
Informatics, Kyoto University, 4Graduate School of Engineering Science, Osaka University, 5Institute of
Physical and Chemical Research (RIKEN), 6Kyocera Corporation
Background
We are developing a new type of a cochlear implant called a "HIBIKI" device. The device is totally
implantable and has a piezoelectric membrane which mimic the function of auditory epithelium. The device
is designed to implant into the scala tympani of the cochlea. The piezoelectric membrane of the device receives
the vibration of perilymph. It converts the vibration of sound into electric signals. The device has two needle
electrodes designed to insert into the Rosenthal’s canal. The electric signals are transmitted to spiral ganglion
neurons. The membrane of the device has a sharp resonance frequency. We prepared some kinds of devices
which have different resonance frequencies. We implanted them into deafened guinea pigs' cochleae.
Methods
We deafened animals by applying kanamycin and furosemide intravenously. We measured ABRs before
kanamycin and furosemide application and 1 week after the application. One week after the application, we
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implanted the device in the cochlea. We made a small hole on the bulla and made a cochleostomy at the basal
turn of the cochlea. Then we implanted the device into the scala tympani. For implanting devices, we use a
robot arm. Because the devices are very small, and it is difficult to implant them with hands. At the end of the
arm the robot, a pair of forceps were attached. The robot arm catches the devices with the forceps. After the
device implantation, we measured ABRs every week. Five weeks after the device implantation, we sacrifice
animals, and collect the cochleae. After the decalcification of cochleae, we immerse them into the
RapiClear(R) to make cochleae transparent. After the transparency of cochleae, we estimate the positions of
the devices and the degree of inflammation of cochleae.
Results
With kanamycin and furosemide, the threshold of ABRs were elevated to about 70dB. After the implantation,
among only a few animals, the thresholds of ABRs became worse. Making a cochleostomy and inserting the
needles of the devices into the Rosenthal's canal had almost no effect on ABR thresholds. But when we
damaged the basilar membrane of the cochleae, most animals became deaf. After the insertion of the devices,
only a limited number of animals improved the threshold of ABRs. Inflammation in the cochleae were not
seen in most of the cochleae.
Conclusions
By implanting the device, there is almost no ABR threshold elevation. If the basilar membrane was not
damaged, cochleostomy did not affect the hearing. By implanting the devices, the number of animals in which
the thresholds of ABRs were improved was limited. It was thought that this is because the output of the devices
was limited. It was needed to amplify the output signals to improve the hearing.
SU23. The Effects of Training and Sound Processing on Pitch Perception in Cochlear Implant Users
Auditory Prostheses
Susan Bissmeyer*1, Raymond Goldsworthy1
1
University of Southern California
Background
It is well-established that the auditory nerve can phase-lock to electrical stimulation rates up to 3 kHz. Even
with this robust neural synchrony, pitch ranking based on cochlear implant stimulation rate generally
diminishes above 300 Hz. Research from our lab has shown that sensitivity to stimulation rate improves with
psychophysical training. The present study explores whether sensitivity to higher stimulation rates—above
300 Hz—can be useful for pitch perception.
Methods
Adult cochlear implant users participated in three experiments that examine aspects of pitch perception
provided by cochlear implant stimulation rate. The first experiment explored effects of short-term auditory
training on pitch ranking as provided by stimulation pulse rates from 110 to 880 pulses per second. The second
experiment tested pitch ranking with high pass filtered harmonic complexes from 110 to 440 Hz presented
through clinical sound processors.
Results
The results from the first experiment indicate that pitch ranking based on pulse rate improves with training.
The results from the second experiment indicate that pitch ranking with high pass filtered harmonic complexes
presented through clinical sound processing is highly correlated with pitch ranking measured for stimulation
pulse rates below 300 pps.
Conclusions
We interpret these results as indicating that cochlear implant users are optimally using the temporal cues
presently provided by the clinical processor. Preliminary results will be reported from an ongoing third
experiment that considers the extent that pitch ranking based on pulse rate can be further improved through
psychophysical training and the extent that this cue can be used for melodic contour identification and for
voice pitch discrimination of synthetic vowels.
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SU24. Development of an Individualized Cochlear Frequency Function
Auditory Prostheses
Luke Helpard*1, Hao Li2, Seyed Alireza Rohani1, Ning Zhu3, Helge Rask-Andersen2, Hanif Ladak1, Sumit
Agrawal1
1
Western University, 2Uppsala University, 3Canadian Light Source
Background
Tonotopic organization of the cochlea varies significantly among individuals, however cochlear implants are
currently programmed to stimulate according to generalized pitch maps. Mathematical functions relating
angular depth within cochleae to basilar membrane (BM) tonotopic frequency have been proposed to
customize cochlear implant stimulation for improved hearing outcomes. However, currently published
relationships between angular depth and BM tonotopic frequency contain assumptions regarding the BM
angular length, which can result in significant pitch errors. The objective of this work was to develop a function
which relates angular depth along the BM to tonotopic frequency that can be individualized according to the
BM angular length of individual cochleae.
Methods
Ten intact adult cadaveric cochleae underwent synchrotron radiation phase-contrast imaging (SR-PCI). The
organ of Corti was traced using SR-PCI computed-tomography image slices and three-dimensional volume
renderings through the entire length of the BM. Greenwood’s function was used to calculate the tonotopic
distribution of the BM in each sample, and reformatted mid-modiolar image slices were used to measure the
angular depth of each tonotopic coordinate along the BM. An exponential function, dependent on the angular
length of individual BMs, was determined to relate angular depth along the BM to tonotopic frequency. A
leave-one-out cross validation was performed to assess the semitone errors associated with the developed
function.
Results
The minimum and maximum BM angular lengths observed in our sample set were 868 degrees and 1073
degrees, respectively. The individualized BM frequency function was observed to have a mean absolute error
of 1.5±1.4 semitones, as determined through a leave-one-out cross validation. The maximum absolute error
associated with the individualized BM frequency function was observed to be 9.6 semitones.
Conclusions
Previous angle-frequency functions used to customize cochlear implant pitch mapping are limited in that they
do not account for the angular length of individual cochleae. To overcome these limitations, an individualized
function relating angular depth to BM tonotopic frequency was developed using SR-PCI data.
SU25. Combining Asymmetrical Pulses and Ramped Pulses to Reduce the Spatial Extend of Cortical
Activation in an Animal Model of Cochlear Implant
Auditory Prostheses
Victor Adenis1, Elie Partouche2, Pierre Stahl3, Dan Gnansia4, Jean-Marc Edeline*5
1
Neuro-PSI, UMR CNRS 9197, 2NeurPSI UMR 9197, 3Oticon Medical/ Neurelec, 4Neurelec / Oticon Medical,
5
NeuroPSI UMR 9197
Background
Cochlear implant (CI) is the most successful neuroprothesis and a large field of research is still working on
improving its coding strategies. The stimulation mode, the pulse shapes and grounding schemes can have
important consequences on the nerve excitability, electrode discriminability, spread of excitation and response
strength. Here, we quantified the responses from auditory cortex neurons to stimulations delivered through a
CI while modifying the pulse parameters such as the ratio of pulse asymmetry, the polarity of the first phase
and the pulse shape.
Methods
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Experiments were performed in anesthetized guinea pigs (6-18months old). The tonotopic gradient of the
primary auditory cortex (AI) was first established by inserting a matrix of 16 cortical electrodes A stimulation
array (300µm) was then inserted in the cochlea (4 electrodes inserted in the 1st basal turn) and its connector
was secured on the skull. The eight nerve fibers were then stimulated with 5 levels of pulse asymmetry, from
1/1 being a rectangular symmetrical pulse to 1/5 where one of the pulse phase amplitude is one fifth of the
second phase (its duration was 5 times longer). The pulse shape was also modified from a current square shape
to a current ramp shape with 5 angle values (88°, 86°, 84°, 82° and 80°). All pulses were generated at constant
charge (24nC) by a dedicated stimulation platform.
Results
When anodic-first pulses were used, changing the slope from 88° (taken as reference point) to 80° reduced the
evoked cortical responses. For each angle, introducing the 5 levels of asymmetry further reduced the evoked
firing rate. When cathodic-first pulses were used, changing the slope from 88° (taken as reference point) to
80° also reduced the evoked cortical responses. However, for each angle, introducing the 5 levels of
asymmetry tended to increase the evoked firing rate, as if in this configuration, the pulse asymmetry was
counteracting the effects induced by the slope of the pulse.
Conclusions
These data indicate that ramped pulse shapes can reduce the evoked firing rate and the spatial activation in
primary auditory cortex. Combining the ramped shapes with an asymmetry shape impacted the firing rate in
a way that was function of the polarity scheme. Adding asymmetry to an anodic-first ramped pulse increased
the magnitude of the reduction in evoked firing rate, whereas adding asymmetry to a cathodic-first ramped
pulse tended to counteract the reduction in evoked firing rate.
SU26. Evaluating the Influence of a Cochlear Implant (CI) on Spatial Release From Masking Among
Listeners With Single-Sided Deafness (SSD)
Auditory Prostheses
Lukas Suveg*1, Tanvi Thakkar1, Emily Burg1, Shelly Godar2, Ruth Litovsky1, Daniel Lee3
1
University of Wisconsin-Madison, 2UW Waisman Center, 3Harvard Medical School
Background
Patients with single-sided deafness (SSD) are receiving a cochlear implant (CI) in the deaf ear with increased
frequency to improve environmental sound awareness and sound localization, mitigate tinnitus disturbance,
and enhance speech understanding in background noise. Work in our lab is investigating how the CI affects
speech understanding in the presence of maskers, focusing on spatial release from masking (SRM). SRM is
the arithmetic difference between speech intelligibility performance when a masker and target are spatially
separated versus when they are co-located. Acoustic and electric hearing are very different, and listeners with
bimodal (CI and acoustic ear together) hearing often demonstrate differences in performance. Little is known
about whether the CI integrates well with the acoustic ear, whether it creates interference during bimodal
listening, or whether the amount of SRM is dictated by the extent to which the CI and acoustic ears differ in
performance. The present study aimed to investigate the effect of interaural performance disparities – the
difference in speech intelligibility (in quiet) scores between the acoustic ear and the CI ear – on SRM. The
typically developed binaural hearing system relies on similarities across ears to perceptually separate target
speakers from interfering background noise. Therefore, we aimed to explore the relationship between
performance disparity and bimodal SRM. We hypothesized that listeners with smaller performance disparities
would attain greater SRM due to better integration of the electric and acoustic ears.
Methods
Participants were tested in quiet to determine the amount of interaural performance disparity. In addition,
testing included speech-in-noise in co-located (masker at 0° azimuth) and spatially separated (maskers at +/90° azimuth) conditions. Target was always at 0° azimuth. Testing was conducted with the acoustic ear alone,
implanted ear alone (acoustic ear occluded with an earplug and earmuff), and both ears (bimodally). Target
speech recordings were IEEE sentences spoken by a male, and masker recordings were AzBio sentences
spoken by two different males. All speech-in-noise conditions were tested at 0 dB signal-to-noise ratio.
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Results
Results demonstrated that there was no relationship between performance disparity and bimodal SRM.
Conclusions
However, performance for seven of the eight listeners improved from the co-located to spatially separated
conditions, suggesting that at 0 dB SNR, most listeners experienced SRM when listening bimodally. These
findings suggest that listeners with SSD have the potential to experience binaural hearing benefits through
bimodal stimulation.
Work supported by NIH-NIDCD (R01DC003083 to Ruth Y. Litovsky), a core grant from NIH-NICHD
(U54HD090256 to the Waisman Center), and Med-El.
SU27. Piezoelectric Dual-Resonant MEMS Accelerometer for Sensing Ossicular Vibration
Auditory Prostheses
Alison E. Hake*1, Bryan E. Pfingst1, Karl Grosh1
1
University of Michigan
Background
Cochlear implants (CIs) use externally placed microphones to sense incoming sound. The microphone is
integrated with a signal processing unit and placed behind the ear to wirelessly transmit signals to the internal
electrical stimulator. The external components may need to be removed during sleeping, rigorous physical
exercise, and bathing or swimming, meaning that the implant is not functional during these activities. Further,
behind-the-ear microphone placement circumvents the normal functions of the outer ear and ear canal, which
aid in sound localization and directional amplification. A completely implantable sensor holds the promise to
improve CIs by eliminating the management of external parts, providing continuous functionality during
activity and sleep, and offering more realistic representations of normal hearing through the prosthesis.
Methods
The focus of this work is to design an implantable sensor that can be integrated with existing CI processor and
electrical stimulation technologies. Our approach is to use a miniature piezoelectric accelerometer to sense
the vibration of the middle ear ossicles by placement on the long process of the incus. A key design criteria
is the minimum detectable acceleration level (restricted by the intrinsic noise of the sensor). For placement
in this location, we have calculated that the sensor must have a noise floor less than 6.4 μg of acceleration to
detect a whisper (40 dB SPL) at 100 Hz, 405 μg at 1 kHz, and 386 μg at 8 kHz. Hence, the most stringent
minimum detectable acceleration requirement occurs at low frequencies. To achieve this resolution profile,
in conjunction with meeting the competing design demands of sensor size and bandwidth, we propose a sensor
architecture fabricated using microelectromechanical systems techniques that includes two piezoelectric
beams and their respective proof masses with different dimensions and resonances.
Results
Beam 1 (resonance at 1.1 kHz and bandwidth of 0.1-0.6 kHz) simultaneously has higher sensitivity and lower
noise which results in improved sensor resolution when compared to Beam 2 (resonance at 15.3 kHz and
bandwidth of 0.6-8 kHz). The mass of the sensor is approximately 0.77 mg in a 0.54 cubic mm volume. We
estimate packaging and circuitry will add 4.8 mg and increase the volume to 7 cubic mm. We include the
additional noise contributions due to amplification circuitry by modeling a low-noise common source
amplifier stage prior to signal digitization. Appropriate filtering and additional amplification can be applied
to the digital signal to obtain a smooth sensor frequency response from 100 Hz to 8 kHz.
Conclusions
Analytic studies illustrate that the two-beam architecture can resolve the acceleration from a 40 dB SPL sound
input across the required range of frequencies in an ultraminiature package exceeding (to our knowledge) the
best performance of middle ear accelerometers in the literature at low frequencies.
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SU28. Spectral Blurring Along the Cochlea: More Effects of Increased Channel Interaction on Speech
Perception With Cochlear Implants
Auditory Prostheses
Tobias Goehring*1, Alan W. Archer-Boyd1, Julie G. Arenberg2, Robert P. Carlyon1
1
University of Cambridge, 2Massachusetts Eye and Ear, Harvard Medical School
Background
Cochlear implant (CI) listeners experience difficulties in understanding speech in situations with interfering
sounds due to current spread between electrode channels. Therefore, reducing channel interaction can
potentially improve speech-in-noise perception with CIs. We investigated the effects of channel interaction
by imposing spectral “blurring” as a simulation of increased spread of excitation. Previously, we found effects
of blurring on speech perception when all channels were affected but not when only a subset of 5 evenly
spaced channels were affected. We hypothesised that both the type of background noise (single competing
talker) and the wide spacing of blurred electrodes may have affected the results, potentially diminishing the
effects of spectral blurring. Therefore, we investigated whether spectral blurring affects CI listeners’ speech
perception: (1) in more realistic multi-talker noise, (2) in quiet situations without any noise and (3) when
excitation by different sets of adjacent electrodes is affected by blurring.
Methods
We used an experimental manipulation to increase channel interaction in 8 experienced CI listeners to directly
investigate its causal effect on speech perception (BKB and IEEE sentences). Instead of using one or two
electrodes per channel as in standard CI processing, spectral blurring used up to 6 electrodes per channel
simultaneously to increase the overlap between adjacent frequency channels.
Results
Results demonstrated that large amounts of blurring applied to all channels significantly increased speech
reception thresholds in multi-talker noise and reduced percentage correct scores in quiet. However, when
channel interaction was increased just on a subset of electrodes, speech scores were mostly unaffected and
there were detrimental effects only for electrodes clustered in the apical, low-frequency region of the cochlea.
There was again no apparent effect of blurring on speech perception for the evenly-spaced electrode selection
in line with our previous findings. Results were consistent between speech in noise and speech in quiet but
with stronger effects of blurring on the latter.
Conclusions
These findings extend our previous results and show that speech perception by CI users is robust to spectral
degradation applied to 1/3rd of electrodes, except when the blurring is applied to adjacent apical electrodes.
By identifying the conditions where broad current spread does and does not impact speech perception, our
findings should inform attempts to improve speech perception by de-activating electrodes that are believed to
produce broad current spread. Further, the detrimental effect on speech perception when a set of 5 apical
electrodes was blurred is in line with the idea that effective transmission or place of stimulation of lowfrequency speech information is important for CI speech perception. We also argue that within-listener
manipulations such as blurring could be used in study designs to avoid confounding between-listener factors
related to cognitive and language skills and to investigate causal effects on speech perception.
SU29. Peripheral and Central Factors in Contextual Sound Lateralization With Interaural Level
Differences
Binaural Hearing & Sound Localization
Bernhard Laback*1
1
Austrian Academy of Sciences
Background
The perceived azimuth of a target sound is known to depend on the azimuth of a precursor sound. Specifically,
a target presented in some azimuthal proximity of a precursor is perceptually shifted away from its “real”
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azimuth, typically away from the precursor. This effect occurs only if the target and precursor share the same
frequency region. Also, it appears to be specific to the location rather than the binaural cues involved, i.e., the
interaural time difference (ITD) and the interaural level difference (ILD). Recent physiological studies
attributed the effect to an adaptation mechanism at the earliest level of binaural processing. This study further
characterizes the context effect and attempts to elucidate the underlying mechanism, focusing on ILD cues
imposed on high-frequency sounds.
Methods
Five normal-hearing listeners performed a lateralization task, indicating the perceived azimuth via head turn
in a virtual audio-visual environment. In Experiment 1 targets with ILDs ranging from -10 to +10 dB were
presented in isolation or following a left-, center-, or right-sided precursor (using ILDs of -10, 0, and 10 dB,
respectively). Target and precursor were noise bands centered at 4000 Hz. Experiment 2 studied the role of
perceptual segregation of target and precursor. Using transposed noise stimuli, the effect of a temporal pitch
cue was studied by comparing target envelope rates of 125 and 250 Hz while using a precursor with a fixed
rate of 125 Hz. Experiment 3 compared the effects of ITD- vs. ILD-based precursors on ILD-based targets,
addressing the question of cue- vs. location specificity of the context effect for high-frequency sounds.
Transposed noise stimuli with an envelope rate of 125 Hz were used. Precursor ITD and ILD were matched
in perceived laterality.
Results
In Experiment 1 the perceived target azimuth was shifted away from midline for contralateral and diotic
precursors and towards midline for ipsilateral precursors, consistent with previous studies. The effects of ipsiversus contralateral precursors were robustly predicted by a model of the auditory periphery up to the auditory
nerve (AN) that uses the interaural spike rate difference as indicator of perceived azimuth. In Experiment 2,
the context effect persisted irrespective of the availability of the pitch cue, indicating that it operates
independent of object formation. This was predicted by the model. In Experiment 3, the context effect differed
between ITD and ILD precursors; particularly, the ITD precursor elicited no difference in perceived target
azimuth between ipsi- and contralateral configurations.
Conclusions Overall, ILD-based context effects for high-frequency sounds appear to be largely explainable
by peripheral mechanisms up to the AN and to be independent of the perceptual segregation of target and
precursor. The cue specificity observed in Experiment 3 is consistent with an adaptation mechanism occurring
at early levels of binaural processing.
SU30. A Model of the Reference Frame of Visual Calibration of Auditory Space
Binaural Hearing & Sound Localization
Peter Loksa1, Norbert Kopco*1
1
P.J. Safarik University, Kosice
Background
Ventriloquism aftereffect (VA) is observed as a shift in the perceived locations of auditory stimuli, induced
by repeated presentation of audiovisual signals with incongruent locations of auditory and visual components.
Since the two modalities use a different reference frame (RF), audition is head-centered (HC) while vision is
eye-centered (EC), the representations must be aligned before the visual re-calibration can occur. Previous
studies examining RF of VA found inconsistent results: the RF was observed to be a mixture of HC and EC
for VA induced in the center of the audiovisual field [Kopčo et al., J.Neurosci.29, 13809–13814, 2009], while
it was predominantly HC for VA induced in the periphery [Kopčo et al., JASA 146, EL177, 2019]. In addition,
the latter study found an adaptation in the auditory space representation even for congruent AV stimuli. Here,
a computational model examines the origins of these effects, focusing on the question whether the neural
visual signals guiding spatial auditory plasticity use both head-centered and eye-centered RFs, or only the
head-centered RF.
Methods
Two versions of the model are evaluated, both consisting of two main processing stages that interact
additively: (1) a stage of auditory spatial representation (using HC RF) which receives the visual calibration
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signals, and (2) a stage of saccadic eye response control (using EC RF) which introduces a priori biases even
in no-shift baseline responses and which can correct the a priori biases when responding to aligned audiovisual
stimuli. The two versions of the model differ in whether it is assumed that the 1st stage processes visual
calibration signals exclusively in HC coordinates (HC model) or in both HC and EC coordinates (HEC model).
Four simulations were performed, evaluating the models’ predictions for different aspects of the data.
Results
The critical simulation evaluated the two model versions on the complete data sets from the two previous
studies, to determine whether the presence of EC-referenced visual signals of the HEC model significantly
improves the HEC model performance compared to the HC model. Here Akaike information criterion AICc
is used to evaluate the models. The HEC model performed better than the HC model in the main simulation,
while the HC model was more appropriate when only the AV-aligned adaptation data were simulated.
Conclusions
These results suggest that visual signals in both HC and EC reference frames are used to calibrate the naturally
HC auditory spatial representation, even when EC-referenced eye-saccade adaptation is accounted for.
However, there still were important aspects of data that neither of the two model versions could describe,
suggesting that non-linear adaptive processes also contribute to the observed results.
[Work supported by VEGA-1/0355/20]
SU31. Effects of Bilateral Automatic Gain Control Synchronization in Cochlear Implants With and
Without Head Movements: Sound-Source Localization in the Frontal Hemifield
Binaural Hearing & Sound Localization
William Yost*1, M. Torben Pastore1, Kathryn Pulling1, Michael Dortman1, Chen Chen2
1
Arizona State University, 2Advanced Bionics
Background
The Automatic Gain Control (AGC) is usually not synchronized between left and right CIs for bilaterally
implanted listeners. This lack of AGC coordination can distort interaural level differences (ILDs), the primary
auditory spatial cue available to CI patients. We tested the effect on sound source localization in the frontal
hemifield when AGCs were synchronized versus independent and when listeners were stationary versus
allowed to move their heads.
Methods
Seven bilateral CI listeners were tested for their localization of broadband noise stimuli using 13 loudspeakers
in the frontal hemifield, under conditions where (1) listeners did not move their heads and (2) were allowed
to move their heads. These conditions were tested for linked and unlinked AGCs.
Results
Listeners who localized relatively well with independent AGCs gained the least from their synchronization,
while those who performed worst with independent AGCs gained the most from synchronization. No listener
performed worse with synchronization than without. Head movements, led to very small improvements, on
average, but more importantly did not lead to impaired performance, suggesting the synchronization of AGCs
was robust to head movements.
Conclusions
Synchronization of AGCs appears to offer promise in improving localization in the frontal hemifield for
bilaterally implanted CI patients.
SU32. ScRNA-seq Analysis Hair Cell Conversion in Conditional Inactivated LSD1 Adult Mouse
Cochleae
Cellular/Systems Development
Shu Tu*1, Yan Zhang1, Huizhan Liu1, Zhenhang Xu1, David He1, Jian Zuo1
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Creighton University School of Medicine

Background
Single-cell RNA sequencing of the adult inner ears has been hampered by the sparsity of cells embedded in
bony structures. We have previously published such analysis of Atoh1-mediated supporting cells (SCs)
conversion to hair cells (HCs) in adult mouse cochleae in vivo (Yamashita et al, PLoS Genetics 2018). Because
the conversion efficiency is low and declines with age, and the converted HCs remain immature (Walters et
al, Cell Reports 2018), we hypothesize that Lysine Specific Demethylase 1 (LSD1), a cofactor of nucleosome
remodeling demethylase (NuRD) commonly associated with epigenetic gene repression and involved in
regulating cell lineage fate, alter Atoh1-mediated HC conversion in mouse cochleae. Here we conditionally
knockout Lsd1 and overexpress Atoh1 in neonatal mouse SCs and perform single cell RNA sequencing of
adult mouse cochleae. Our results reveal roles of Lsd1 in Atoh1 mediated HC regeneration in adult mouse
cochleae.
Methods
We compared Lgr5CreER+; Atoh1-HA+; Lsdflox/flox (LAL) and Lgr5CreER+; Atoh1-HA+; Lsd1+/+ (LA)
mice that were induced with tamoxifen at P0/1. Single cell RNA sequencing was performed in cochleae at
P33. Cochleae were dissected out and incubated in solution (50% accutase, 0.02% Trypsin, 125 μg/ml
Thermolysin) at 37°C for 3 min. 0.02 mg/ml collagenase IV and dispase were further added and incubated for
4 min at 37°C. The digested tissue was triturated after being suspended in neutralisation solution. Aggregated
cells were removed using a 40-μm strainer and then centrifuged. Library construction was performed using
Chromium Single Cell 3’ v3 Reagent Kits following the instruction manuals. The obtained sequence results
were processed using CellRanger and were further analysed using Seurat 3.1 in R.
Results
In total, we dissected organs of Corti of 12 LAL and 5 LA mice, respective, obtained 18,629 single cells,
sequence-detected 23,791 genes, yielding ~1,000 genes/cell. Among these, we successfully obtained
transcriptome profiles of 319 OHCs, 130 IHCs and 511 converted HCs (cHCs), and identified 39 clusters.
UMAP plots of LAL and LA profiles matched. We mapped Atoh1-HA to label targeted SCs and cHCs. We
further confirmed the knockout of Lsd1 in SCs/cHCs of LAL cochleae. We further performed pseudo-time
analysis to delineate the trajectory of HC conversion processes. Differential gene expression patterns were
obtained between LAL and LA profiles to identify Atoh1-pathway genes that were influenced by Lsd1. We
also compared these profiles with Atoh1-mediated HC conversion profiles we previously published
(Yamashita et al, PLoS Genetics 2018).
Conclusions
We successfully performed scRNAseq from LA and LAL adult mouse cochleae. Our results provided insights
into transcriptome profiles of many cell types of adult organs of Corti and detailed transcriptome changes
during Atoh1-mediated HC conversion and further revealed the role of Lsd1 in this process in vivo. Our results
can improve our understanding of the biology of hair cell regeneration.
SU33. CCER2: A Novel Gene Upregulated in the Early Stages of Mammalian Sensory Hair Cell
Differentiation
Cellular/Systems Development
Emilia Luca*1, Joanna F. Mulvaney1, Gianluca Sampieri1, Alain Dabdoub1
1
Biological Sciences, Sunnybrook Research Institute
Background
Currently, there are no approved biological therapies for hearing loss. To discover new therapeutic targets for
hair cell (HC) regeneration and hearing restoration we characterized the transcriptome of Atoh1-induced
ectopic HC at the early stage of mammalian cochlear development. It has been demonstrated that Atoh1, a
helix loop helix transcription factor, is necessary and sufficient for HC formation and differentiation.
Methods
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Therefore, we electroporated embryonic day (E) 13.5 mouse cochlear explants with an Atoh1 GFP reporter
construct, or with an empty GFP vector as a control. At this stage of development, overexpression of Atoh1
results in a 100% conversion of electroporated cells into HCs. To identify the immediate genes upregulated
by Atoh1 overexpression, we used fluorescence-activated cell sorting (FACS) and sorted the cells
overexpressing GFP 24 hrs after electroporation. RNA was extracted from both Atoh1 GFP and control cells,
and bulk RNA-sequencing (RNA-seq) was performed.
Results
We found around 700 genes upregulated, and our differential expression analysis detected several known hair
cell genes in the Atoh1 expressing cells. Furthermore, we identified Ccer2 (coiled-coil glutamate-rich protein
2), a novel gene that was significantly upregulated (6-fold change). CCER2 is an uncharacterized protein;
there is no published information about its structure, localization, or function. We confirmed the expression
of CCER2 in endogenous cochlear and vestibular HCs. We investigated its spatiotemporal expression during
mouse cochlear and vestibular development and found that in the cochlea, CCER2 has a developmental baseto-apex gradient and is transiently expressed starting at E13 up to postnatal day 6. In the utricle and saccule,
the protein is expressed throughout adult stages. We investigated the function of Ccer2, in hearing and balance,
by generating Ccer2 mutant mice (FVB/NJ background) using CRISPR/Cas9 technology, and performed ABR
and DPOAE, as well as rotarod balance tests.
Conclusions In conclusion, our transcriptomic analysis is the first RNA-seq study that characterized Atoh1
downstream targets activated in the early stages of HC differentiation, which led to the discovery of CCER2,
a novel and specific protein marker for inner ear sensory hair cells. Furthermore, it is one of the earliest
markers expressed during inner ear HCs development. The characterization of CCER2 will provide insights
into both Atoh1 and other signalling pathway(s) where it is involved, advancing our understanding of inner
ear development.
SU34. Ultrastructural Analysis and 3D Cellular Reconstruction of Astrocytes from Volume Electron
Microscopy in the Developing Medial Nucleus of the Trapezoid Body
Cellular/Systems Development
Emily Amick*1, Daniel Heller1, Victoria Moses1, Marla Attalla1, Lara de Vries1, Ellen Frahm1, George Spirou1
1
University of South Florida
Background
Astrocytes are the most abundant glial cell type in the central nervous system with distinct morphologies that
underlie differing functional roles. Various morphological features have been attributed to mature astrocytes,
including endfeet processes that contact blood vessels in the regulation of the blood-brain barrier, finger-like
projections that interpose between pre- and post-synaptic membranes to form the tripartite synapse, and sheetlike vellus processes that ensheath neuronal cell bodies and insulate nerve terminals. Accumulating evidence
has shown astrocytes to be a heterogeneous cell population with diverse physiological and morphological
characteristics. Numerous studies have examined the relationship between astrocyte diversity and
functionality across various brain regions, as well as within the same region; however, the exact role of
astrocytic heterogeneity remains elusive, particularly during development. The medial nucleus of the trapezoid
body (MNTB) is an excellent model system for studying neural circuit development due to its rapid maturation
of a highly homogenous neuronal population that is monoinnervated by the largest terminal in the mammalian
brain, the calyx of Held (CH). As astrocytes are known to regulate synaptogenesis, the unique structural and
physiological properties of the CH synapse provide an excellent system for studying astrocytic regulation of
synapse formation and terminal growth.
Methods
To visualize the morphological features of astrocytes at an ultrastructural level during CH development, we
utilized our unique developmental series of serial block-face scanning electron microscopy (SBEM) volumes.
In addition to the ultrastructural features observed in serial EM images, we completed the first full
reconstruction of an astrocyte at P4, along with a partially reconstructed P6 astrocyte, to fully observe and
analyze their complex morphologies.
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Results
In addition to the characteristic features stated above, we observed several novel morphological features,
including large mitochondrial length and width, prevalent stacks of endoplasmic reticulum, and axonal
ensheathment. Initial comparison of the reconstructions reveals a preservation of these characteristic features
between developmental ages, although some evidence of refinement is observed in the older astrocyte. A
notable difference is the increased volume the P6 astrocyte occupies. Furthermore, the P4 astrocyte makes
several small endfeet on nearby blood vessels while the P6 astrocyte displays a large dominant endfoot on a
single vessel.
Conclusions
Comparison of all cell types within the data volume identified these unique features as being exclusive to
astrocytes across developmental ages. Furthermore, these features can be used for cell type specific
identification. Further analysis and quantification need to be performed to fully understand the dynamic
morphology of astrocytes during CH maturation. This study highlights the complex morphology of astrocytes
and their diverse heterogeneity by identifying novel ultrastructure morphological features. Furthermore, our
analysis of 3D cellular structures can be implemented for future cell-type classifications and computational
models for astrocytic biophysical properties.
SU35. Mapping the Regulatory Landscape of Auditory Hair Cells From Single Cell Multi-Omics Data
Cellular/Systems Development
Shuze Wang1, Mary Lee1, Scott Jones1, Jie Liu1, Joerg Waldhaus*1
1
University of Michigan
Background
The function of auditory hair cells is to transduce sound to the brain. In mammals these cells reside together
with supporting cells in the sensory epithelium of the cochlea, called the organ of Corti. To establish the
organ’s delicate function during development and differentiation, spatiotemporal gene expression is strictly
controlled by chromatin accessibility and cell type specific transcription factors, jointly representing the
regulatory landscape. Previously, bulk-sequencing technology and cellular heterogeneity obscured
investigations on the interplay between transcription factors and chromatin accessibility in inner ear
development.
Methods
To study the formation of the regulatory landscape in hair cells, we collected single-cell chromatin
accessibility profiles accompanied by single-cell RNA data from genetically labeled murine hair cells and
supporting cells after birth using a combination of Fgfr3-iCre, Ai14, Atoh1-GFP-alleles and flow sorting.
Results
Using an integrative approach, we predicted cell type specific activating and repressing functions of
developmental transcription factors. Furthermore, by integrating gene expression and chromatin accessibility
datasets, we reconstructed gene regulatory networks of postnatal hair cells. Using a comparative approach, 20
hair cell specific activators and repressors, including putative downstream targets genes, were identified.
Clustering of target genes resolved groups of related transcription factors and was utilized to infer their
developmental functions. Finally, the heterogeneity in the single cell data allowed us to spatially reconstruct
transcriptional as well as chromatin accessibility trajectories, indicating that gradual changes in the chromatin
accessibility landscape were lagging behind the transcriptional identity of hair cells along the organ’s
longitudinal axis.
Conclusions
Overall, this study provides a strategy to spatially reconstruct the formation of a lineage specific regulatory
landscape using a single-cell multi-omics approach. Furthermore, we provide developmental context for 20
transcription factors to be implemented in future direct programming approaches.
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SU36. Spatiotemporal Characteristics and Origins of Spontaneous Activity in Zebrafish Hair Cells
and Supporting Cells
Cellular/Systems Development
Qiuxiang Zhang*1, Alisha Beirl2, Katie Kindt1
1
NIH/NIDCD, 2NIDCD
Background
Spontaneous activity (SA) has been observed in many different regions of the nervous system among many
different species. In the developing mammalian auditory system, sensory hair cells generate SA before the
onset of hearing. This SA is thought to be important to help establish neuronal connections and shape the
organization of auditory pathway. While substantial progress has been made in understanding the SA in
auditory system, much less is known about the activity in the vestibular system. Furthermore, in mammals,
hair cells are enclosed in the bony structures of the ear, and it is challenging to mimic the specialized in vivo
environment for studying the SA in both auditory and vestibular organs.
Methods
To study hair cell SA in vivo, we have utilized larval zebrafish. In contrast to mammals, both hair cells and
supporting cells can easily be accessed in intact zebrafish. Zebrafish hair cells are most similar to the
mammalian vestibular hair cells. Therefore, our analyses of SA in the zebrafish may provide insight about the
SA in the mammalian vestibular system. To measure SA, we used the genetically encoded calcium indicator
GCaMP6s along with a self-constructed light sheet fluorescence microscope (LSFM) to image SA in vivo.
LSFM enables 3D GCaMP6s imaging in the zebrafish lateral line system and inner ear over extended periods
of time, which is critical for imaging of SA.
Results
By using LSFM, we demonstrated for the first time, the SA is present in zebrafish hair cells and supporting
cells. In hair cells, we have captured SA from both the apical mechanosensory and basal presynaptic regions.
In these two regions, SA is highly correlated. We have used pharmacological and genetic approaches to
understand the sources of SA in hair cells. Both BATPA treatment and pcdh15 mutants that abolish
mechanosensitive function also impair SA in the hair bundle and significantly reduce SA at the presynapse.
In addition, all spontaneous presynaptic responses are absent when presynaptic calcium channels are impaired.
We also have examined SA in zebrafish supporting cells. In supporting cells, we observe different activity
profiles compared to hair cells with higher signal peak magnitude and shorter peak duration. Simultaneous 2color imaging of SA in both hair cells and supporting cells reveals no correlations between the activity in hair
cell and its surrounding supporting cells. Pharmacologically blocking the gap junction by Flufenamic acid
significantly reduced the SA in the supporting cells, indicating that the gap junction may regulate the
prorogation SA among adjacent supporting cells.
Conclusions
Overall, studying the SA of an intact sensory organ in its nature living condition may provide more accurate
understanding of this activity and help us better understand the specific role of this activity during sensory
system formation and maintenance.
SU37. BMP7 is Necessary to Specify Cell Fates in the Developing Murine Cochlea
Cellular/Systems Development
Vidhya Munnamalai*1, Caryl Young1, Brianna DeMarco1, Jan Christian2
1
The Jackson Laboratory, 2The University of Utah
Background
The organ of Corti is a highly ordered sensory epithelium consisting of 1 row of IHCs and 3 rows of OHCs.
Between E12.5 and E13.5, the medial and lateral borders of prosensory domain in the cochlear duct are refined
for the organ of Corti to be positioned in between the inner and outer sulci. Loss of function mutants for the
Bmp pathway show that the inner sulcus and outer sulcus boundaries were affected by E13.5 and thereafter,
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the lateral compartment was affected. Thus, Bmp activity appears to be important for sensory domain
refinement and compartment formation.
Bmp7, initially, is broadly expressed throughout the duct, but changes as development progresses.
Immunolabelling for pSMAD shows a gradient of Bmp activity extending from the outer sulcus to the inner
sulcus. This gradient is thought to be largely driven by BMP4 due to its consistent expression in the outer
sulcus as early as E11.5. Although it is likely true, this would require that BMP4 dimers to diffuse across a
long distance (>200 m) from the outer sulcus to the inner sulcus, acting as a long-range morphogen. Does
BMP7 play any significant role on gene regulation and patterning, or is BMP4 sufficient for Bmp activity in
a redundant manner?
Methods
In order to address whether BMP7 is required, we utilized Bmp7RG/+ mice. The prodomain of the BMP7
ligand undergoes cleavage to release mature BMP7 protein. An R->G mutation in this cleavage site renders
any dimers that form, to be inactive. We harvested Bmp7RG/+ embryos on E15.5 and E16.5. Cochleas were
analyzed for pSMAD, SOX2, JAG1, and downstream target genes.
Results
Bmp7 expression resembled the expressions of several downstream Bmp genes in a spatiotemporal manner
during normal development. On E15.5, we found large decreases of pSMAD across all sub-domains in the
cochlear duct including the non-sensory and inner sulcus. SOX2 labeling was less homogeneous within the
sensory domain compared to controls, which implies there is a cumulative downstream perturbation of
patterning. The JAG1 domain was also expanded. On E16.5, we found that Prox1 (lateral sensory domain
marker) and Insm1 (outer hair cell marker) were also decreased in Bmp7RG/+ mutants, but not Fgf8 (inner
hair cell marker).
Conclusions
These preliminary data suggest that Bmp signaling is active in all subdomains of the cochlea including the
non-sensory domain and the inner sulcus. These domains are distal to where BMP4 ligands are secreted in the
outer sulcus. Thus, BMP7 ligands are necessary for patterning and cell fate specification in the cochlea and
does not act redundantly with BMP4 in the mouse cochlea.
SU38. Human Histopathological Findings Associated With Cochlear Implant Electrode Translocation
Clinical Otolaryngology & Pathology
Renata Knoll*1, Danielle Trakimas2, Matthew Wu1, Rory Lubner3, David Jung4, Aaron Remenschneider1,
Elliott Kozin1
1
Massachusetts Eye and Ear Infirmary, 2Johns Hopkins University School of Medicine, 3Vanderbilt University
and Medical Center, 4Massachusetts Eye & Ear Infirmary and Harvard Medical School
Background
Atraumatic cochlear implant (CI) electrode insertion is essential for preserving residual hearing and successful
auditory rehabilitation. Insertional trauma can result in scalar translocation and be associated with a wide
spectrum of injury to micro-cochlear structures, which may lead to acute and long-term irreversible
histological changes and limit electrical acoustic stimulation. Few studies have reported long-term
histopathological findings in individuals with CI and scalar translocation, especially with more recent
electrode array designs. Herein, we aim to assess the histopathology of human temporal bones (TBs) with
evidence of CI electrode scalar translocation, including cases implanted with newer electrode arrays.
Methods
Specimens from the National Temporal Bone Pathology Registry with history of CI and histopathological
evidence of electrode translocation were included. Controls Specimens from the same database without
electrode translocation served as controls. TB were examined by light microscopy and histologically analyzed
for intracochlear changes in the context of CI electrode translocation. Intracochlear fibroosseus formation and
spiral ganglion neuron (SGN) counts were assessed. Clinical histories and CI performance were also reviewed.
Results
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Nineteen human TBs with electrode translocation and 6 controls were identified. The mean age at implantation
and years of CI usage were 64±11 years and 7±6 years for translocated cases, and 73±6 years and 6±2 years
for controls, respectively. All CI were multi-channel, with similar proportion of electrode designs between
groups (5 perimodiolar/14 lateral wall [LW] and 1 perimodiolar/5 LW, respectively). Cochleostomy was the
most common surgical approach within translocated cases, whereas extended round window (RW) approach
was predominant among controls. The most common site of translocation was the ascending limb of the basal
turn (n=14 TBs), with LW injury, disruption of the basilar membrane, and fracture of the spiral osseous lamina
occurring in 63%, 79%, and 47%, respectively. The average angle of insertion at the point of translocation
from the RW was 159º±79º (range of 50º-370º), without significant differences between electrode designs
(p=.893). Eighteen translocated cases presented moderate fibroosseous changes in the basal region of the
cochlea, extending to the translocation point and/or throughout the electrode track in 42%. Lower SGN counts
were more pronounced in translocated cases compared to controls, with a significant difference for segment
II (p=.026), which correspond to the most common location of electrode translocation. Although final postoperative hearing outcomes were similar between groups, translocated cases had slower and decreased rates
of improvement in word recognition scores (p=.002).
Conclusions
Findings suggest that scalar translocations most frequently occur in the ascending basal segment of the cochlea
and are associated with loss of SGN, variable severe intracochlear injury, and slower and decreased rates of
hearing improvement. Techniques to decrease the risk of electrode translocation are likely to result in
improved residual hearing and CI performance.
SU39. Vitamin D Deficit in Patients With Recurring Idiopathic Benign Paroxysmal Positional Vertigo
Clinical Otolaryngology & Pathology
Santiago Vallejo*1, Melissa Castillo Bustamante2, Mirtha Baez Recalde1, Rolando Stefani1, Hector Solis1,
Carlos Mena1
1
Universidad Nacional de Asuncion, 2Massachusetts Eye and Ear Infirmary
Background
Benign paroxysmal positional vertigo (BPPV) is the most frequent cause of vertigo in adults. Some studies
associate recurrent BPPV with low levels of calcium, loss of bone density and vitamin D deficiency, which
would imply that abnormal calcium metabolism may be the basis of this pathology. Herein, we performed a
cross-sectional study in patients with recurrent idiopathic BPPV with altered levels of 25-hydroxyvitamin D
Methods
One cross-sectional study was performed in the Otolaryngology Department of one tertiary center. Clinical
records and 25-hydroxyvitamin D were reviewed. Positional maneuvers were documented for each case.
Results
179 patients were included. Mean age was 39.33 (± 6.2) years (range 28-56). Females were the most affected
(83.24%). Baseline insufficiencies of Vitamin D as other potential etiologies of Vitamin D insufficiency were
excluded in the patients examined. Unilateral involvement was described in all BPPV recurrent cases.
Posterior BPPV was the most frequent (93.85%) followed by horizontal BPPV (6.14%). 25-hydroxyvitamin
D levels average in patients with recurrent BPPV were 26.2 ng/dl (± 7.76 ng/dl). At least 55.8% of patients
presented 25-hydroxyvitamin D insufficiency and 14.5% deficiency (p <0.05).
Conclusions
25-hydroxyvitamin D insufficiency and deficiency were reported in patients with recurrent BPPV. Further
clinical studies are needed to describe the correlation between lower levels and recurrent vertigo
SU40. On the Pathophysiology of DFNA9: Effect of Pathogenic Variants in the Coch Gene on Inner
Ear Functioning in Human and Transgenic Mice
Clinical Otolaryngology & Pathology
Dorien Verdoodt*1, Guy Van Camp1, Peter Ponsaerts1, Vincent Van Rompaey1
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University of Antwerp

Background
DeaFNess Autosomal Dominant 9 (DFNA9) is a dominant hereditary non-syndromic form of progressive
sensorineural hearing loss often associated with vestibular dysfunction. DFNA9 is caused by pathogenic
variants in the COCH gene. This gene encodes for cochlin, a protein that is abundantly expressed in the spiral
ligament and spiral limbus of the inner ear but the function of cochlin is still not fully understood. There are
27 known pathogenic variants located in different domains of the COCH gene that can cause DFNA9, all
expressing slightly different phenotypes. It is believed that COCH mutations affect the intracellular trafficking
of cochlin which could explain the characteristic pathology seen in temporal bones of DFNA9 patients. This
pathology involves a widespread accumulation of acellular eosinophilic deposits throughout the labyrinth. To
gain a better understanding of the pathology underlying DFNA9, different mouse models were developed.
The objective of this review is to describe the different pathogenic variants in the COCH gene and their effect
on intracellular trafficking, associated phenotypes and histopathological findings in both patients and mouse
models.
Methods
The PubMed database was searched with the following keywords: "Histopathology DFNA9”, “COCH
mutations”, “COCH mouse model" in April 2020.
Results In the cochlea of DFNA9 patients there is a widespread and diffuse degeneration of the spiral
ligament, spiral osseous and the spiral limbus, with marked loss of cellularity and replacement by an
eosinophilic, uniformly staining. The deposits are particularly prominent in the more medial parts of the
ligament underlying the stria vascularis and in the area of the insertion of the ligament into the basilar
membrane. The stria vascularis is generally preserved as well as the tectorial membrane and the Reissner
membrane. In mice, histopathology of CochG88E/G88E mice (at one year, 21 months and 26 months old)
revealed some deterioration of type IV fibrocytes of the spiral ligament but this was also observed in the
wildtype littermates. Furthermore, this mouse model did not demonstrate the eosinophilic deposits
characteristic of DFNA9. Histopathology of Coch-/- mice sacrificed at 21 months of age did not reveal any
significant histological changes: neither hair cell loss, nor obvious changes in morphology of accessory
structures of the cochlear duct, including the spiral ligament, stria vascularis, limbus or tectorial membrane.
Conclusions
Examination of DFNA9 affected temporal bones revealed atrophy of the regions were COCH expression is
abundant. In the CochG88E/G88E mice this pathology was still absent in the inner ear at 26 months of age,
suggesting a slower progression. Absence of the pathology in Coch-/- mice suggests that a dominant negative
mechanism is involved in DFNA9 pathology.
SU41. Widespread Expression of Cochlea-Abundant miRNAs in the Cochlear Nucleus Complex and
the Superior Olivary Complex
Genetics A: Genomics and Gene Regulation
Mor Bordeynik Cohen*1, Constanze Krohs2, Naama Messika Gold1, Ran Elkon1, Hans Gerd Nothwang2,
Karen B. Avraham1
1
Tel Aviv University, 2Carl von Ossietzky University
Background
The peripheral and the central auditory subsystems comprise the auditory system. The peripheral subsystem
receives the sound signals and transforms them into mechanical movements and afterwards into electrical
signals. Its main component is the organ of Corti, containing the sensory cells of hearing, the hair cells. The
central subsystem is in charge of processing the signals and sound perception. The superior olivary complex
(SOC) in the brainstem is involved in primary assessment of the sound, including sound localization. The
SOC includes three main nuclei: the medial superior olive (MSO), the lateral superior olive (LSO) and the
medial nucleus of the trapezoid body (MNTB). The cochlear nucleus complex (CNC) comprises the ventral
cochlear nucleus (VCN) and the dorsal cochlear nucleus (DCN) transduces acoustic information to the brain
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and extracts primary information about the sound. We suggest that both parts of the auditory system are
partially governed by the same genetic mechanisms. Support for this hypothesis can be found in thirteen
peripheral deafness genes that are implicated in central auditory processing, and in SOC temporal gene
expression analysis, which revealed enrichment of known deafness-associated genes (Ehmann et al, J Biol
Chem 2013).
Methods
TaqMan microRNA assays were used to examine the expression of twelve microRNAs (miRNA) previously
identified as highly expressed in the organ of Corti. To explore spatial expression in the CNC and the SOC,
RNA in situ hybridization was performed for these miRNAs at P30.
Results
The miRNAs were also shown to be expressed in the SOC and both auditory and non-auditory cortex at E16,
P0, and P30 using TaqMan microRNA assays. RNA in situ hybridization at P30 demonstrated diffused
expression throughout the CNC and SOC.
Conclusions
The common expression of these miRNAs between of the peripheral and the central auditory systems
demonstrates the importance of a wholesome genetic understanding of these complementary systems.
Understanding common genetic pathways may provide a key for customized precision medical treatment of
hearing loss in the future.
SU42. miR-34c and miR-449a Regulation During Development of the Mammalian Inner Ear
Genetics A: Genomics and Gene Regulation
Yael Noy*1, Tal Koffler-Brill1, Einat Rosen1, Tamar Golan1, Laurence Delacroix2, Carmit Levy1, Ran Elkon1,
Brigitte Malgrange2, Karen B. Avraham1
1
Tel Aviv University, 2University of Liege
Background
microRNAs (miRNAs) are small non-coding RNAs that regulate and suppress gene expression as a posttranscriptional modification. miRNAs have a critical role during the development and maturation of the
mammalian inner ear.
Methods
We performed RNA-seq and identified hundreds of miRNAs expressed in the mouse inner ear, cochlea, and
vestibule at embryonic day 16.5 (E16.5) and postnatal day 0 (P0), which represent key turning points during
the development of the mouse inner ear sensory epithelia (Rudnicki, Isakov et al. BMC Genomics 2014).
These miRNAs were analyzed for differential pattern of expression.
Results
Our analysis shows dozens of miRNAs with either increased or decreased expression levels. Among them are
miR-34c and miR-449a, which show higher expression throughout inner ear development. Our data
demonstrate that both miRNAs are expressed in the stria vascularis of the cochlea, and miR-449a is also
expressed in the hair cells. Both miRNAs are predicted to target 16 genes that are associated with hearing loss.
One of these genes is Atoh1, a transcription factor essential for the development and formation of inner ear
hair cells, which we chose as our first target candidate. We found a direct connection between miR-34c, miR449a, and Atoh1, which have inverse expression levels during inner ear development. Manipulating the
expression levels of miR-34c and miR-449a, by overexpression or silencing, enable us to study their regulatory
role during development. Surprisingly, our data show a significant increase of the number of cells that develop
into hair cells, following overexpression of miR-34c or miR-449a at E15.5.
Conclusions Understanding the regulatory role of these and other miRNAs will enable us to discover specific
and systematic modes of gene expression and regulation, allowing us to gain a better understanding of the
regulatory network that leads to a functional auditory system.
SU43. Role of Transmembrane Protein 135 in Cochlear and Auditory Function
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Genetics B: General
Shinichi Someya*1, Mi-Jung Kim1, Peter Carmichael1, Upal Bose1, Kishan Avaiya1, Marcus Milani1, Yohei
Honkura2, Jun Suzuki2
1
University of Florida, 2Tohoku University School of Medicine
Background
Transmembrane protein 135 (TMEM135) is a member of the transmembrane protein (TMEM) family that are
characterized by a presence of putative transmembrane domains. There are over 300 different members of the
TMEM family. TMEMs are key components of cellular membranes, including plasma membrane,
mitochondrial membranes, endoplasmic reticulum, lysosomes, and Golgi apparatus, and play a key role in
mediating intercellular communication and transducing signals in cells. A previous study has shown that
TMEM135 is involved in regulating intracellular cholesterol transport in human cell lines. In mice, a mutation
in Tmem135 causes age-dependent retinal pathologies. In the current study, we investigated the effects of
Tmem135 deficiency on auditory function using wild-type (WT) and Tmem135 homozygous mutant
(FUN025) mice that were backcrossed onto the CBA/CaJ strain for 4 generations.
Methods
Auditory brainstem response (ABR) hearing tests were performed to measure ABR thresholds, ABR wave
amplitudes, and ABR wave latencies in WT and FUN025 mice at 3-5 and 11-13 months of age. Histological
analyses were conducted to assess hair cell loss, spiral ganglion neuron density, and stria vascularis thickness
in the cochleas from WT and FUN025 mice.
Results
Young FUN025 mice displayed increased ABR thresholds at 8, 16, 48, and 64 kHz compared to age-matched
WT mice. Middle-age FUN025 mice also displayed increased ABR thresholds at 8, 16, 32, 48, and 64 kHz
compared to age-matched WT mice. Middle-age FUN025 mice showed more profound cochlear hair cell and
spiral ganglion neuron loss compared to age-matched WT mice.
Conclusions
These results show that a mutation in Tmem135 causes progressive hearing loss. We are currently
investigating the role of TMEM135 in maintaining cochlear and auditory function.
SU44. Helper Dependent Adenoviral Vectors Enable Inner Ear Transduction in a Rodent Model
Genetics B: General
Osama Tarabichi*1, Stacia Phillips1, Tatiana Correa2, Marlan Hansen2, Samuel Young1
1
University of Iowa, , 2University of Iowa Hospitals and Clinics
Background
Hearing loss is the most common sensory disorder worldwide and most often occurs from dysfunction within
the inner ear sensory organ. There are currently no interventions to restore hearing defects within the inner ear
and management remains limited to sound amplification or electrical stimulation devices. Gene therapy holds
the promise of alleviating sensorineural hearing loss through correction of abnormal cochlear function seen in
various diseases. To date, most research pertaining to inner ear gene therapy has focused on adeno-associated
virus (AAV) vectors for gene therapy delivery. The packaging capacity of AAV is ~4.8 kb which significantly
limits its use in potential therapeutic applications that require larger or multiple transgenes. Helper-dependent
adenovirus adenoviral vectors (HdAd) is devoid of viral genes and have a large packaging capacity (~37 kb).
HdAd More importantly, provides long-term phenotypic correction of genetic disorders in rodent models and
overcomes the toxicity issues associated with earlier generations of adenovirus. Although it has great potential
as a gene therapy vector, is has not been well characterized in the inner ear. Therefore, our goal was to
characterize HdAd vectors in the inner ear. Here we report the development of HdAd reporter vectors and
demonstrate successful transduction 7-days following in vivo inner ear viral delivery in mouse and guinea pig
models.
Methods
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HdAd vectors carrying the fluorescent protein mclover3 with both CMV and CAG promoters were developed.
Vector was injected via a round window approach with posterior semicircular canal fenestration in wild-type
mouse and guinea pig models. Cochleae were harvested at a 7-day time point. Immunohistochemical staining
and confocal microscopy were performed to study transduction patterns.
Results
Imaging demonstrated robust mclover3 expression in various cell types at a 7-day time point in all injected
animals. Transduction was achieved using virus with both CMV and CAG promoters. Transduction was most
notably seen in the spiral ligament, peri-lymphatic lining and modiolar region and was evident in all turns of
the cochlea.
Conclusions
Transduction of various cell types of the inner ear is feasible with HdAd-based vectors at 7-days post injection.
Studies are ongoing to further characterize the transduction pattern, safety, and stability of HdAd in the inner
ear.
SU45. Different Approaches to Variant Identification in Whole Exome Sequencing of People With
Adult-Onset Hearing Loss
Genetics B: General
Morag Lewis*1, Clarisse Panganiban1, Elysia James1, Bradley Schulte2, Judy Dubno2, Karen Steel1
1
King's College London, 2Medical University of South Carolina
Background
Hearing loss is one of the most common sensory deficits in the human population, and it has a strong genetic
component. However, although to date over 150 genes have been identified as contributing to human hearing
loss, the majority of genes involved in hearing remain unknown. Very large GWAS have recently uncovered
several new loci, but because GWAS work by identifying markers linked to disease loci, they cannot detect
recent mutations or those which are not widespread throughout the population. Even the genetic architecture
of adult-onset hearing loss remains unclear; while common heterogeneous diseases are often considered to be
the result of many common variants, each exerting a small effect, several rare single-gene mutations leading
to adult-onset hearing loss have also been identified. Alternative approaches are required to identify novel
variants and genes associated with adult-onset hearing loss.
Methods
We have therefore chosen to carry out whole exome sequencing to explore the landscape of variation
associated with adult-onset hearing loss. We have detailed phenotypic data from 532 older adult volunteers,
454 of whom demonstrate adult-onset hearing loss, and 78 of whom are older adults with normal hearing, a
critically important control set. After calling variants using multiple callers and stringent quality filters, we
have tailored our analyses to explore candidate causative variants and genes.
Results
From our audiometric (hearing loss) data, we have been able to identify individual variants which appear to
contribute to different audiometric thresholds in people carrying those variants, and we are currently following
up these variants with functional studies in mice. One of the most promising is a missense variant in the NEFH
gene, which encodes the neurofilament heavy chain, and is strongly expressed in the spiral ganglion neurons
which innervate the sensory hair cells of the organ of Corti.
In order to investigate multiple small-effect common variants, we have carried out an outlier analysis and
identified genes with a higher variant burden in people with hearing loss. Among the candidates are several
deafness genes, including genes known to underlie syndromic hearing loss.
Conclusions
Our results lend support to the theory that genes responsible for severe forms of disease may also be involved
in milder, nonsyndromic forms. We are currently following up these results with functional and in silico
analyses, in addition to taking other approaches to interrogating our exome data.
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SU46. Sensorineural Hearing Loss Associated With Zellweger Spectrum Disorders Due to a Common
Mutation in Peroxin 1
Genetics B: General
John Lee*1, Christine Yergeau2, Stephanie Mauriac3, Catherine Argyriou2, Carl Nist-Lund3, Kosuke Kawai3,
Cathleen Lutz4, Nancy Braverman2, Gwenaelle Geleoc3
1
Harvard University 2McGill University, 3Boston Children's Hospital, Harvard Medical School, 4Jackson
Labs
Background
Peroxisome Biogenesis Disorders in the Zellweger Spectrum (PBD-ZSD) are autosomal recessive disorders
characterized by defects in peroxisome function, biosynthesis, and/or assembly. PBD-ZSD are characterized
by sensorineural hearing loss (SNHL), pigmentary retinal degeneration, multiple organ dysfunction and
psychomotor impairment. Mutations in 14 peroxin (PEX) genes cause PBD-ZSD with PEX1 gene most
affected (>66%) and PEX1.G843D, a milder, yet most common mutation. The purpose of this study is to
assess, retrospectively, the auditory phenotype of patients affected by this mutation and, in parallel, that of
mouse models for the equivalent mutation.
Methods
Audiological data from medical records of 22 patients with PBD were collected from an ongoing longitudinal
retrospective natural history study. These data were analyzed to determine the degree of hearing loss, benefit
with amplification, age-related changes in hearing loss, and relationships between pure tone air and bone
conduction thresholds. In parallel, auditory brainstem recordings were obtained in Pex1-G844D mice (model
for human G843D). Inner ear tissues were also harvested to assess inner ear morphology.
Results
We find that PBD-ZSD patients with G843D mutation along with a null PEX1 allele (G843D/null) and
homozygous mutations (G843D/G843D) presented with a moderately-severe to severe hearing loss. Average
thresholds ranged from 68 to 77 dB in the G843D/null group and from 60 to 90 dB in the G843D/G843D
group. We identify slow rates of longitudinal changes in hearing sensitivity. Improvements in hearing
threshold sensitivity were observed with use of hearing aid amplification. Air-bone gaps and air conduction
threshold fluctuations were evident in many patients suggesting there may be an increased occurrence of
mixed and/or conductive hearing losses in PBD-ZSD populations. While Pex1-G844D mice (C57B6
background) were initially reported to suffer from mild hearing loss (Hiebler et al. 2014), Pex1-G844D
(B6129S background) did not display hearing loss at 8 months of age. Inner ear tissues harvested from
homozygous Pex1 mice displayed normal morphology and no sensory hair cell loss over the first postnatal
week. Some hair cell loss was evident in the apical region at 16 months. Recently Argyriou et al. (2019)
demonstrated the Pex1-G844D mice express a sub-functional but stable protein which may explain the mild
auditory phenotype.
Conclusions
This analysis provides insight into the evaluation and management of PBD-ZSD patients, while also
emphasizing the need to better understand the pathophysiology of PBD-ZSD. The mild auditory phenotype of
the mouse mutants precludes its use for development of therapies and implies that inner ear specific deletions
of Pex1 gene might be required for future studies aimed to improve our understanding and guide development
of more effective treatment for PBD-ZSD.
SU47. Emerging Molecular Evidence of Type I and II-Like Hair Cells in Zebrafish
Hair Cells: Anatomy & Physiology
Eliot Smith*1, Mirko Scheibinger1, Stefan Heller1, Teresa Nicolson1
1
Stanford University School of Medicine
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Background
Our prior research to characterize the effects of tmc1/2a/2b gene disruptions in zebrafish (Danio rerio)
revealed tmc subunit requirements specific to subpopulations of larval inner-ear hair cells. In that work, we
provided genetic evidence that teardrop-shaped hair cells of the developing cristae require tmc2a for
mechanoelectrical transduction (MET) while adjacent gourd-shaped cells are tmc2a-independent. In the
maculae, we found that combined disruption of tmc2a/2b eliminated MET in most hair cells and that only a
small portion of macular hair cells retained MET function using tmc1 alone. Our findings led us to ask what
other genetic differences may distinguish these hair-cell populations and how such differences may affect their
contributions to the senses of hearing and balance.
We hypothesize that zebrafish hair-cell populations may exhibit different mRNA expression patterns in a
manner corresponding to morphology and tmc1/2a/2b dependence. We predict that tmc1/2a/2b mRNA
localization patterns will reflect the differences in Tmc1/2a/2b subunit requirements between the hair-cell
subtypes. We predict, furthermore, that differential expression of other hair-cell specific genes may also
correspond to Tmc1/2a/2b reliance and resemble genetic distinctions between Type I and Type II vestibular
hair cells.
Methods
Although lacking afferent calyces, the teardrop-shaped hair cells of the zebrafish cristae bear some
resemblance to Type I vestibular hair cells present in other vertebrates; similarly, the gourd-shaped cells
resemble Type II vestibular hair cells. Based on single-cell RNAseq data from developing chick utricles, we
selected multiple candidate genes shown to be upregulated in either Type I or Type II vestibular hair cells.
Our current efforts, in progress, use whole-mount fluorescence in situ hybridization to pursue the differences
in expression of tmc1/2a/2b and other hair-cell specific genes between populations of zebrafish hair cells.
Results
We hypothesize that zebrafish hair-cell populations may exhibit different mRNA expression patterns in a
manner corresponding to morphology and tmc1/2a/2b dependence. We predict that tmc1/2a/2b mRNA
localization patterns will reflect the differences in Tmc1/2a/2b subunit requirements between the hair-cell
subtypes.
Conclusions
We predict, furthermore, that differential expression of other hair-cell specific genes may also correspond to
Tmc1/2a/2b reliance and resemble genetic distinctions between Type I and Type II vestibular hair cells.
SU48. Mitochondrial Calcium Uniporter is Critical for Hair Cell Preservation and Hearing in Adult
Mice
Hair Cells: Anatomy & Physiology
Manikandan Mayakannan*1, Steven Walker1, Aditi Deshmukh1, Elizabeth Perea1, Danqi Wang1, Kumar
Alagramam1, Ruben Stepanyan1
1
Case Western Reserve University
Background
Mitochondrial Ca2+ regulates a wide range of processes including morphogenesis, metabolism, excitotoxicity,
and cell survival. Rapid uptake of mitochondrial Ca2+ occurs via a highly selective channel comprised of the
main pore forming subunit – the mitochondrial Ca2+ uniporter (MCU) – and a few other regulatory proteins.
While several studies using model organisms have uncovered the various tissue-specific functions of MCU,
the role of this molecule in cochlear pathophysiology remains unknown. Given the significance of
mitochondria in cytosolic Ca2+ buffering and homeostasis in sensory hair cells of the cochlea, we sought to
investigate the auditory phenotype in a FVB/NJ mouse model constitutionally lacking MCU (Mcu-/-). Further,
we studied the structure and basic functioning capabilities of the hair cells in these mice.
Methods
Mcu+/- mice obtained on a mixed genetic background were backcrossed to FVB/NJ strain for 6 generations,
and the resulting heterozygotes were intercrossed to obtain the required genotypes used in this study. Auditory
Brainstem Response was recorded to assess the hearing threshold. Organ of corti explants were used for FM1pg. 81
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43 uptake assay, labelling by Fluo-2 AM, Rhod-2 AM, and MitoSOX. The morphology and structure of hair
cells were studied by Scanning Electron Microscopy. Cochlear surface preparations were used for ribbon
synapse labelling and counting of hair cells. Measurement of the thickness of Stria vascularis were done on
H&E stained cochlear sections.
Results
The cochlea developed normally without any gross morphological or structural defects and the basal levels of
cytosolic and mitochondrial Ca2+ in auditory hair cells remained unaltered in young post-natal Mcu-/- mice.
However, these mice developed high frequency hearing loss initially at 4 weeks of age that progressed to
profound deafness in about 6 months. Scanning electron micrographs revealed degeneration of a significant
fraction of outer hair cells (OHCs) and a few inner hair cells (IHCs) in the MCU-/- cochlea obtained from 12week-old mice.
Conclusions
The present study highlights the necessity of MCU for hair cell preservation and hearing-maintenance.
SU49. Ultrastructural Characterisation of Ribbon-Less Inner Hair Cell Ribbon Synapses Upon
Prolonged Stimulation
Hair Cells: Anatomy & Physiology
Magdalena Redondo Canales*1, Carolin Wichmann1
1
Molecular Architecture of Synapses Group, Institute for Auditory Neuroscience, InnerEarLab & Center for
Biostructural Imaging of Neurodegeneration, University Medical Center Göttingen
Background
Cochlear inner hair cells (IHCs) mediate temporally precise and sustained transmission of auditory
information via the specialised ribbon synapse. The name-giving synaptic ribbon is an electron-dense structure
whose main component is the protein RIBEYE (RBE) (Schmitz et al., 2000). Synaptic vesicles (SVs) are
tethered to the synaptic ribbon via filaments that are proposed to support SV transport towards the active zone
membrane, which allows a continuous, Ca2+-dependent exocytosis of SVs. Morphologically distinct SV pools
have been described on the basis of SV localisation (Schnee et al., 2005; Frank et al., 2010) and, more recently,
the tethering state of SVs (Chakrabarti et al., 2018).
Truncation of RBE (Maxeiner et al., 2016) results in a lack of ribbons and the formation of multiple
presynaptic densities (PDs) per synaptic contact in the cochlea (Jean et al., 2018; Becker et al., 2018),
presumably as a compensatory mechanism (Jean et al., 2018). It remains unknown how these structural
changes affect the SV cycle. We propose that the ribbon is an essential structure for SV supply, whose
disturbance might also affect endocytosis and SV reformation at ribbon-less synapses. Therefore, we study
the consequences of different activity states on ribbon synapse morphology. We hypothesise that upon
prolonged stimulation fewer SVs associate to the PD of ribbon-less synapses, accompanied by changes in the
abundance of different endocytic structures.
Methods
To test this hypothesis, we analysed the synaptic ribbon using electron microscopy. The apical turn of the
organ of Corti from postnatal day 16-18 RBE wild-type (RBEwt/wt) and constitutive RBE knock-out
(RBEKO/KO) mice were incubated in stimulatory (high K+) or inhibitory solutions. This was followed by
high-pressure freezing to preserve the tissue at near-to-native conditions, and freeze substitution. Using
electron tomography, we analysed the ribbon synapse ultrastructure, the SV pools, as well as the endocytic
structures.
Results
Preliminary data of 2D sections analyses revealed an overall reduction in SVs numbers, in addition to an
increase in the number of endosomal-like vesicles (ELVs) in RBEKO/KO upon stimulation.
Conclusions
We present a comprehensive electron tomography study of SV pools and endosomal structures, such as
clathrin-coated vesicles and ELVs, comparing RBEwt/wt and RBEKO/KO upon strong, prolonged
stimulation.
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SU50. Transcriptional and Translational Cell-Level Profiling of Endocytic Proteins of the
Differentiating and Mature Organ of Corti
Hair Cells: Anatomy & Physiology
Guobin Huang*1, Stephanie Eckrich1
1
Saarland University
Background
The organ of Corti (OC) comprises two types of sensory cells: outer hair cells (OHCs) and inner hair cells
(IHCs). Alongside their common nature as mechanotransducers, OHCs serve as cochlear sound amplifiers,
while IHCs encode acoustic information. Reliable sound encoding is ensured by indefatigable rates of synaptic
vesicle release associated with efficient replenishment of the vesicle pool. Vesicle reformation includes
retrieval of vesicle membrane from the IHC membrane via endocytosis, whose required protein machinery
and developmental formation during terminal differentiation of hair cells are only partially deciphered.
Methods
We used RNAscope fluorescence in situ hybridization (FISH) and complementary immunolabeling on wholemount OCs of early postnatal and 3-week-old mice.
Results
Here, we studied three endocytic proteins, dynamin-1, dynamin-3 and endophilin-A1, by assessing their
transcription and translation profiles in pre-mature and mature mouse OCs. State-of-the-art RNAscope
fluorescence in situ hybridization (FISH) of pre-mature whole-mount OCs showed that IHCs contained more
mRNA transcripts of dnm1 (encoding dynamin-1), and sh3gl2 (endophilin-A1), but less of dnm3 (dynamin3) than OHCs. These different transcription profiles between OHCs and IHCs were sharpened upon
maturation. Complementary immunolabeling revealed strong expression of dynamin-1 in the soma of mature
IHCs, which was much weaker in pre-mature IHCs. By contrast, dynamin-3 was predominantly found in
OHCs with increasing expression in their soma and at the border of their cuticular plates upon maturation.
Conclusions
In summary, we established an RNAscope workflow for whole-mount tissue of both pre-mature and mature
OCs, and disclosed the cellular up-regulation of endocytic proteins at the level of transcription/translation
during terminal differentiation of the OC. Dynamin-1 and endophilin-A1 might contribute to an age-dependent
strengthening of the endocytic machinery in IHCs, whereas expression of dynamin-3 at the OHCs’ cuticular
plate suggests involvement of dynamin-3 in its maintenance via activity-independent apical endocytosis.
Funded by DFG-project EC488/1-1 (to S.E.), CRC894, and Saarland University.
SU51. Recordings of Vestibular Summating Potentials From the Mammalian Utricle, in Vivo.
Hair Cells: Anatomy & Physiology
Christopher Pastras*1, Aaron Camp1, Ian Curthoys1, Daniel Brown2
1
The University of Sydney, 2Curtin University
Background
The cochlear Summating Potential (SP) was first reported by Tasaki and colleagues in 1954 and alongside the
CM and CAP makes up electrocochleography. It has since been a mainstay in hearing research for basic
science and clinical applications. The SP is a stimulus-related DC potential, produced by the asymmetry of
the mechano-electrical transduction (MET) channels on the receptor hair cells. A subset of receptor hair cells
are sensitive to mechanical displacements, which modulate the MET channel operating point into
asymmetrical slope regions of the Boltzmann function, producing asymmetrical receptor currents, and a SP.
For this reason, the SP has been used as a diagnostic tool for mechanical pathologies of the cochlea such as
endolymphatic hydrops, where the SP:AP ratio is of interest. Despite the extensive use of the SP in the cochlea,
it has never been recorded or used in the vestibular system. This is largely due to the difficulty in accessing
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and stimulating the vestibular system independent of the cochlea. Here we report the first recording of the SP
from the utricle in anaesthetized guinea pigs, following cochlear ablation.
Methods
Experiments were performed on tri-colored guinea pigs weighing between 300-500g. All procedures
conformed with The University of Sydney Animal Ethics Committee. Using a ventral surgical approach, the
cochlea was surgically or chemically ablated. SPs were recorded from the basal surface of the utricle or the
facial nerve canal (FNC). SPs were evoked by both Bone-conducted vibration (BCV) and Air-conducted
sound (ACS) up to 2kHz.
Results
Following cochlear ablation localized SPs were recorded from the macula to loud ACS and BCV. The SPs
alternated polarity following mechanical displacement of the macula, suggesting the hair cell generators were
displacement sensitive, like the outer hair cells. Following chemical silencing of the cochlea with KCl, SPs
were recorded from the FNC to ACS. This suggests that the SP in auditory neuropathy patients may originate
from the otoliths. Neural blockade demonstrated a nerve component in the FNC SP response, however a
significant hair cell component remained. Conversely, TTX had no effect on the local SP response from the
macula, demonstrating its hair cell origin. Utricular ablation, gentamicin and death irreversibly abolished the
utricular SP, highlighting its physiological hair cell origin.
Conclusions
This is the first recording of the summating potential from the vestibular system. It provides a novel method
to assess mammalian vestibular hair cell function during longitudinal experimental manipulations, similar to
that of the cochlear SP. This may provide useful in the otoliths given their anti-phase hair bundle arrangement.
Here, a gross microphonic response may cancel across the macula, but a SP response may remain. Localized
recordings across the macula provide the ability to probe hair cell corner frequency via quantifying the receptor
potential AC:DC ratio.
SU52. Is Prestin Really Piezoelectric?
Hair Cells: Anatomy & Physiology
Joseph Santos-Sacchi*1, Dhasakumar Navaratnam1, Winston Tan1
1
Yale University School of Medicine
Background
Clearly, conformational changes in the voltage-dependent protein prestin correspond to length changes in the
OHC. Prestin’s voltage sensor charge movement is tightly coupled to this electromotility (Santos-Sacchi and
Tan, JN 2018). One predominant theory of intrinsic prestin function is that prestin is piezoelectric, possessing
reciprocal behavior, with voltage driving mechanical responses and vice versa.
Recently, Rabbitt (PNAS, 2020), based on first principles, modelled prestin as a piezoelectric with the intent
to unravel the quandary posed by the low-pass behavior of nonlinear capacitance (NLC) found by us (iScience
2019, Sci Rep 2020). That is, how can a protein whose voltage-responsiveness diminishes at such low
frequencies (< 20 kHz) power the cochlear amplifier in mammals that enjoy very high frequency hearing, such
as small rodents and large whales? The upshot of that elegant treatment on mechanical, electrical and
temperature effects, was that the imaginary component of NLC, which correlates with the power output of a
proposed piezoelectric prestin, has a frequency cut-off greater than extant measures of NLC cut-off, actually
peaking at a particular frequency above previous estimates. Here we investigate the likelihood that prestin
functions in this manner.
Methods
Complex NLC (both real [Re NLC] and imaginary [Im NLC]) components) was measured in membrane
macro-patches, where near ideal control of voltage across the membrane can be attained. Membrane tension
was altered with pipette suction.
Results
We find that prestin’s operating voltage (characterized by Vh, the voltage at peak NLC) changes when
membrane tension is altered. This agrees with all previous observations, and the identification of this
pg. 84

The Association for Research in Otolaryngology (ARO)
The 44th Annual MidWinter Meeting
Sunday, February 21, 2021, U.S. Eastern Time Zone

phenomenon in whole-cell voltage-clamp initiated the piezoelectric theory (Iwasa, BJ 1993). Further, our
data shows the cut-off of the imaginary component of NLC is not very different from the low-pass cut-off we
previously observed in the absolute magnitude of complex NLC, with a broad peak of Im NLC occurring
below 10 kHz. Furthermore, membrane tension, while substantially altering Vh, neither alters the magnitude
or frequency response of either complex component.
Conclusions
These results are in conflict with expectations of fundamental piezoelectric theory. We speculate that the shift
in Vh, which itself will generate voltage-sensor (gating) charge movements at a fixed voltage-clamped holding
potential, is not due to intrinsic piezoelectricity of prestin, but rather to alterations of the membrane dipole as
membrane tension changes (Warshaviak et al., BBA 2011). It is well known that voltage sensed by a protein
will change with these alterations, despite being voltage clamped. Thus, the resulting reaction of prestin,
though mimicking piezoelectric behavior, namely effecting charge movement by mechanical perturbation,
would not necessarily characterize prestin as piezoelectric in nature. The temperature, voltage pre-pulse and
ionic influences on prestin behavior that we previously observed may likewise result from such alterations.
SU53. Development of Vestibular Endolymph-Producing Epithelia in the Human Fetus
Human Development
Edward van Beelen*1, Heiko Locher1, Wouter van der Valk1, John de Groot1, Peter Paul van Benthem1
1
Leiden University Medical Center
Background
On the basis of a functional vestibular system lies the ionic homeostasis of endolymph and perilymph. Both
fluids are anatomically separated by specialized and diverse epithelia, such as sensory cells, transitional cells
and dark cells. One major component of endolymph is KCl, which is the main charge carrier for sensory
transduction. Although much is known about the individual proteins contributing to endolymph homeostasis,
a detailed human model of temporal expression has not been established previously. Understanding normal
development is pivotal in basic and translational research into inner ear biology and regeneration and to
speculate on drug screening approaches for hearing and balance disorders. Our aim is to describe the
developmental expression pattern of key proteins contributing to endolymph homeostasis.
Methods
Human embryonic and fetal inner ears were collected after elective termination of pregnancy by vacuum
aspiration. Tissue was obtained at the following developmental stages: W8 (n= 2), W10 (n = 3), W12 (n = 4),
W14 (n = 2), W16 (n = 1), W17 (n = 1). Inner ears were fixed in paraformaldehyde and decalcified prior to
processing for immunohistochemistry. Sections (5 µm) were stained with the following primary antibodies:
mouse anti-ATP1A1 (1:200), rabbit anti-ATP1B2 (1:100), rabbit anti-BSND (1:1000), mouse anti-GJA1
(CXN-6, 1:100), rabbit anti-GJB2 (1:100), rabbit anti-GJB6 (1:100), rabbit anti-GJE1 (1:1000), rabbit antiKCNQ1 (1:20), rabbit anti-Pendrin (1:100), chicken anti-SLC12A2 (1:200), rabbit anti-SLC26A4 (1:100),
followed by incubation with secondary antibodies. Images were obtained using a Leica SP8 confocal laser
scanning microscope.
Results
The expression pattern of several proteins in the developing human vestibular system is described in detail.
Conclusions
Recently, translational research into inner ear biology took a new direction with the introduction of innovative
organoid systems modelling a functioning inner ear. The focus within these models lies mainly on sensory
epithelia, while endolymph cycling is mostly driven by secretory epithelia such as dark cells. With our study,
we established a basis of normal human development of these epithelia and emphasize on the importance of
their surmised role in inner ear organoid models.
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SU54. Neural Components in Two-Tone Distortion Products Using Electrocochleography
Inner Ear: Anatomy & Physiology
Douglas Fitzpatrick*1, Kendall Hutson1, Amy Lee1
1
University of North Carolina at Chapel Hill
Background
Two-tone distortion products in otoacoustic emissions are used to assess the functional status of the outer hair
cells. These distortions are also seen using electrocochleography, where peaks in Fourier transforms of the
recorded responses for the difference (F2-F1) and cubic (2F1-F2) distortion tones, as well as others, are
prominent. These peaks are typically associated with the CM, but inclusion of phase-locked neural responses
has been assumed to be present and contributing to the response. Here, we tested this assumption by ECochG
recordings in gerbils before and after introduction of a neurotoxin.
Methods
In normal hearing, urethane-anesthetized animals, recordings to bursts with pairs of tones (F1=1000-16000
Hz in octave steps, F2=F1*1.2, at the same or 10 dB lower level than F1) were made from the round window.
Intensity steps of 10 dB from 10-90 dB SPL were taken for each frequency pair. Without removing the
recording electrode, a potent neurotoxin (kainic acid, 60 mM), was placed on the round window and left for 1
hour, and the recording series repeated. Typically, both ears were studied in a single animal. Analysis consisted
of Fourier transforms of the recorded responses. Normalization to the F1 amplitude was used to compared
distortion products across intensities and animals.
Results
Prior to KA application, large peaks at the difference and cubic difference tones were present to each stimulus.
To low intensities (F1=10 or 20 dB SPL) the peaks to distortion tones from 200-1600 Hz were large relative
to the F1 and could, in some cases, equal or exceed peaks to the F1. As the intensity increased, the relative
proportion of the distortion tones first decreased, consistent with a saturation of the nerve to lower intensities
than occurred for the CM, then increase, consistent with greater asymmetrical saturation in the CM. To higher
frequencies the distortion tones only increased relative to the F1 as the intensity was raised. After KA, the
peaks within the low frequency range were typically much reduced, while peaks outside the range were
relatively unaffected.
Conclusions
The results indicate that two-tone distortions in ECochG, recorded from a site with good signal to noise ratio,
show a large neural contribution. This neural contribution would be the ANN, which is the evoked potential
correlate of neural phase-locking. The large size and sensitivity of these potentials may make this measurement
useful for assessing neural and hair cell health to low frequencies.
SU55. Selective Loss- And Gain-Of Function of GATA3 Within Spiral Ganglion Neurons
Demonstrates its Role in Axonal Development
Inner Ear: Anatomy & Physiology
Elizabeth Ketchum*1, Jeremy Duncan1
1
Western Michigan University
Background
Hearing loss is the most common sensory disorder, yet current treatment options are largely restricted to
hearing aids and cochlear implants. Hearing aids require some of the hair cells of the organ of Corti (OC) to
be present, while cochlear implants can be utilized with some hair cell loss. Both treatment options require
functional spiral ganglion neurons (SGNs). Several major transcription factors have been shown to be
important in proper development of SGNs, such as Gata3, a zinc finger factor protein. Previous studies have
examined the role of Gata3 in SGN development but have been limited to the timing at which Gata3 deletion
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occurred based upon previously available genetic mouse models. Additionally, these studies were able to look
at the effect on inner ear morphology and overall gene expression when Gata3 was eliminated but were unable
to examine the effect that introducing additional alleles of Gata3 would have on SGN development.
Methods
We combined Gata3 floxed and over-expressor lines with a Pou4f1-creERT2 line, which is expressed within
SGNs, in order to examine the dose-dependency effect of Gata3 expression in SGN development. Using
immunohistochemistry, we have examined the phenotypes of mice in which Gata3 has been misexpressed
within SGNs. In addition, we have used qPCR to quantify changes in expression of other genes in response to
Gata3 elimination or overexpression.
Results
Our preliminary data indicates that with altered levels of Gata3, SGNs develop aberrant peripheral projections
and changes in expression levels of other genes.
Conclusions
Gata3 has a critical role in spiral ganglion neuron development.
SU56. High Frequency Hearing Loss and Outer Hair Cell Dysfunction in Mice Carrying a Human
Mutation of RBPJ
Inner Ear: Anatomy & Physiology
Clarisse Panganiban*1, Morag Lewis1, Susana Caetano1, Neil Ingham1, Karen Steel1
1
King's College London
Background
RBPJ is a transcriptional regulator for Notch signaling. RBPJ binds to Notch target genes and co-activators,
including Notch intracellular domain (NICD), bind to RBPJ to activate transcription of the target genes. In the
absence of NICD, RBPJ acts as a repressor by complexing with co-repressors and inhibiting transcription of
its bound target gene. In the inner ear, inhibition of Notch/RBPJ signaling in postnatal mice results in ectopic
hair cell formation in regions normally occupied by supporting cells (Yamamoto et al., 2006). Interestingly,
there is a rare missense mutation of Rbpj in the human population resulting in a change from threonine to
arginine at the Notch binding site. A mouse with this missense mutant mutation (Rbpj<em2H>) has been
engineered for our analysis. Our goal is to determine whether this human mutation may cause hearing loss.
Methods
We performed auditory brainstem response (ABR) tests to measure hearing sensitivity across a range of
frequencies from 3-42kHz at 4, 8, and 14 weeks old. Distortion product otoacoustic measurements (DPOAE)
were performed on 4-week-old mice to measure outer hair cell function from 6-30kHz, and endocochlear
potentials (EP) were also recorded. The results were compared between mutants and littermate controls.
Wholemount preparations of cochleas collected after recordings were immunolabeled with MYO7A antibody
and imaged for morphological analysis.
Results
The Rbpj mutants have raised thresholds at high frequencies that is apparent at 4 weeks. This hearing loss
progresses to affect mid frequencies by 14 weeks old. Analysis of ABR wave I peak amplitude and latency
were performed at 4 weeks for 24kHz (a mildly affected frequency) and 30kHz (a significantly affected
frequency). Results show that for both frequencies, amplitudes and latencies were not significantly different
between mutants and controls. EP was normal (~120mV) in both mutant and control, suggesting normal strial
function. DPOAE thresholds were elevated and amplitudes were reduced at 24-30kHz in mutants versus
controls, similar to the threshold pattern observed for ABR recordings. Preliminary morphological analysis of
the cochlea indicates that the mutants may have extra outer hair cells compared to controls.
Conclusions
This finding of a mild progressive increase in ABR thresholds in a mouse with a human variant knocked in
supports the suggestion that single-gene mutations may be responsible for age-related hearing loss. Taken
together, these results suggest this human mutation of Rbpj may cause hearing loss primarily via outer hair
cell abnormalities.
pg. 87

The Association for Research in Otolaryngology (ARO)
The 44th Annual MidWinter Meeting
Sunday, February 21, 2021, U.S. Eastern Time Zone

Reference
Yamamoto N et al (2006). J Mol Med (Berl), 84(1):37-45
SU57. Non-Invasive Combined Optical Coherence and Two-Photon Fluorescence Microscopy of the
Mouse Cochlea in Vivo
Inner Ear: Anatomy & Physiology
Connie Paik*1, Patricia Quiñones1, Wihan Kim1, Frank Macías-Escrivá1, Brian Applegate1, John Oghalai1
1
Keck School of Medicine, University of Southern California
Background
Optical coherence tomography (OCT) is a non-invasive imaging modality that has significantly contributed
to our understanding of cochlear function and physiology. A key limitation of conventional OCT, however, is
its inability to resolve microanatomical structures within the cochlea such as hair cells, support cells, and nerve
fibers. Optical coherence microscopy (OCM) combines OCT with confocal microscopy and has previously
demonstrated the resolution of microanatomical structures in an excised cochlea. Two-photon fluorescence
microscopy (TPM) is another non-invasive imaging modality that has resolved individual hair cells and
auditory nerve fibers in situ. Techniques have been described combining TPM and OCM, resulting in optimal
cellular, morphological, and structural resolution of various tissues. However, in vivo studies investigating
the cochlea have been limited. The primary objective of this work is to describe non-invasive imaging through
the intact round window membrane of a mouse cochlea in vivo via OCM superimposed with TPM. We hope
to demonstrate the potential of this imaging technique as one that can capture the dynamic responses of
specific microanatomical structures within the intact cochleae of live mice.
Methods
This is a methodological study using a custom-built OCM system with TPM capability. Images were obtained
using a live mTmG reporter mouse, a transgenic mouse line with membrane expression of TdTomato in all
cells. After surgically exposing the middle ear, a volumetric scan was taken of the organ of Corti (OoC)
through the intact round window membrane via OCM using an air objective lens. TPM images were
subsequently taken of the same location, and the two images were overlaid to better resolve specific
microanatomical structures within the OoC.
Results
Combined TPM and OCM allows for the visualization of outer hair cells (OHCs), the outer pillar cell (OPC)
region, the space of Nuel (SN), and the tunnel of Corti (TC) in an intact cochlea in vivo. TPM shows superior
cellular resolution and more clearly visualizes OHCs and OPCs. OCM provides further information about
morphology and shape, which helps with the identification of individual OHCs and OPCs. The SN and TC
are more clearly visualized via OCM but are also seen with TPM.
Conclusions
Innovative imaging techniques have shown their value in studying the cochlea to understand its basic
mechanisms. Combined OCM and TPM as a non-invasive imaging method allows for the resolution of
cochlear structures at the cellular level in a live mouse. This combined method shows promise as a tool for
future studies investigating changes in hair cells or nerve fibers in an intact cochlea in response to acoustic
stimulation or therapeutic interventions.
This work was supported by NIDCD grant DC017741 (J.S.O & B.E.A.).
SU58. Cy3-RgIA Labels and Inhibits α9-Containing nAChRs of Cochlear Hair Cells
Inner Ear: Anatomy & Physiology
Yuanyuan Zhang*1, Fernando Fisher2, Philippe Vincent2, Joanna Gajewiak2, Thomas Gordon2, Elisabeth
Glowatzki2, Paul Fuchs2, Michael Mcintosh2
1
Johns Hopkins University School of Medicine, 2University of Utah
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Background
Efferent cholinergic neurons inhibit sensory hair cells through the combined action of calcium-permeable
α9α10-containing nAChRs and associated calcium-dependent potassium channels1,2. However, studies of
expression and localization have been hampered by the absence of reliable antibodies. The venom of cone
snails is a rich repository of bioactive peptides, many with channel blocking activities. α-Conotoxin-RgIA is
a specific and potent antagonist of α9α10-containing nicotinic acetylcholine receptors (nAChRs)3. When
conjugated with fluorescent cyanine dye, Cy3, the tight binding of an RgIA analog provided robust
visualization of hair cell nAChRs.
Methods
Cy3 dye was coupled to a high affinity analog of α-conotoxin, RgIA, by means of azide-alkyne 1, 3-dipolar
cycloaddition and purified by reverse-phase HPLC. Binding activity was assessed using two-electrode voltage
clamp of nAChRs heterologously expressed in Xenopus oocytes. The apical turn (without fixation) was
excised from cochleas of 9-14-day old C57/Bl6 or α9-null mice (C57 background) for confocal microscopy.
Tissue was incubated with Cy3-RgIA or non-conjugated RgIA then washed to remove unbound toxin. The
tissue also was exposed to FM4-64 to provide visualization of hair cells. Intracellular, gigaohm-seal
recordings were made from inner hair cells (IHCs) in the apical cochlear turn excised from 9-10-day old
C57/Bl6 mice. Cholinergic synaptic currents were triggered by electrical shocks to the efferent neurons
innervating young IHCs. Cy3-RgIA or non-conjugated RgIA was bath perfused while prolonged trains of
efferent shocks were used to evoke postsynaptic currents that were averaged to evaluate blocking efficacy.
Results
Cy3-RgIA potently, and selectively blocked oocyte-expressed mouse α9α10 nAChRs with an IC50 of 23 pM.
In pre-hearing cochlear tissue, Cy3-RgIA puncta were found on both inner and outer hair cells. The puncta
were in locations predicted by known efferent innervation patterns. Cy3 fluorescence also was seen on the
stereociliary bundles, and among cells of Kölliker’s organ. In α9-null cochleas, ‘synaptic’ Cy3 puncta were
absent but hair bundle and Kölliker’s organ labels remained. After pre-absorption of wild type cochleas with
unconjugated RgIA, subsequent exposure to Cy3-RgIA produced only slight Cy3 fluorescence in the area of
Kölliker’s organ. Bath perfusion with Cy3-RgIA or unconjugated RgIA (10 nM) gradually reduced efferent
postsynaptic currents by greater than 90%. Onset time in the cochlear explants was slow (half time ~10
minutes) and was not reversed within one hour.
Conclusions
Cy3-RgIA provides a novel tool for the study of efferent innervation of the inner ear by binding tightly to hair
cell nAChRs. The fluorophore-conjugated conotoxin retains its blocking potency in tests on homologous
receptors expressed in oocytes, and on the native hair cell nAChRs, within the constraints of application to
the excised tissue.
References
1. Glowatzki & Fuchs (2000). Science 288, 2366-8.
2. Elgoyhen, et al. (2009). Biochem Pharmacol 78, 712-9.
3. Vincler, M. et al. (2006). PNAS 103, 17880-4.
SU59. Instantaneous Force Generation by Prestin in Outer Hair Cell Membranes: Results From AllAtom Molecular Dynamics Simulations
Inner Ear: Cochlear Mechanics
Tamara Bidone*1, Jashan Sandhu1, Richard Rabbitt1
1
University of Utah
Background
Expression of the transmembrane protein prestin endows outer hair cells (OHCs) with piezoelectric properties
responsible for cochlear amplification and sensitive hearing in mammals. Under isometric conditions, OHCs
can generate cycle-by-cycle force in response to voltage perturbations at frequencies exceeding 50kHz, but
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under isotonic conditions the displacement and nonlinear capacitance (NLC) both exhibit low-pass filtered
characteristics. We hypothesize that this apparent dichotomy arises from the interaction of the prestinmembrane motor complex with the mechanical load arising from intrinsic properties of the cell and the
environment. Specifically, we examined the relationship between prestin residue fluctuations and the speed
of isometric force generation in response to a perturbation in the electric field.
Methods
All-atom molecular dynamics simulations were used to examine the detailed dynamics of prestin dimers in
POPC lipids under the action of an applied electric field. The prestin-membrane complex was immersed in
physiological saline with charges counterbalanced. Results for a charge balanced control condition were
compared to reshluts when a Cl anion was bound in the tyrosine core domain. Voltage perturbations were
applied after equilibrating the complex at the holding potential. Boundary conditions acting on the prestindimer containing membrane patch were adjusted to mimic isometric conditions (zero patch strain) or isotonic
conditions (constant force).
Results
Under isometric conditions, the presence of Cl- in the core domain increased prestin residue fluctuations and
POPC compaction within a few nanoseconds following application of a voltage perturbation. This trend was
largely absent under isotonic conditions and was not observed in the absence of Cl in the core domain. Results
support the hypothesis that the coulomb force acting on Cl is almost instantly converted into fast residue
fluctuations in prestin and stress acting in the plane of the membrane. Residue fluctuations are reduced if the
membrane is allowed to increase or decrease total surface area (isotonic condition), thus reducing the stress
following the speed of membrane patch deformation.
Conclusions
Results suggest the nearly instantaneous force generation by prestin has origins in molecular-scale conversion
of the transverse coulomb force acting on Cl- into an in-plane force in the membrane, while the relatively slow
charge displacement reflects how fast the force can deform the viscoelastic load.
SU60. Effect of Furosemide Upon the Guinea Pig Apical Cochlear Amplifier Measured by Optical
Coherence Tomography
Inner Ear: Cochlear Mechanics
George Burwood*1, Alfred Nuttall1, Anders Fridberger2
1
Oregon Health & Science University, 2Linköping University
Background
Apical turn auditory transduction mechanisms have emerged as distinct in nature from those of the more
thoroughly explored basal turn. Broad frequency tuning coupled with minimal group delay differences along
a large swathe of the apical cochlea may indicate that a distributed, temporally sensitive mechanism relying
on inner hair cell phase locking activity underpins low frequency tone, speech and music perception. Evidence
for this mechanism is supported in part by the physiological vulnerability of small group delay difference
between apical locations, which we have reported using our minimally invasive guinea pig cochlear apex
preparation. However, vibrometry measurements derived from postmortem preparations may be affected by
changes in tissue reflectivity and light scattering properties.
Methods
In order to address this concern, we employed optical coherence tomography vibrometry (OCTV) to measure
frequency tuning curves at different locations within the cochlear apex of anesthetized guinea pigs, before and
after intraperitoneal injection of 100 mg/kg furosemide, which reduces endocochlear potential throughout the
cochlea. Measurements were taken from the same locations after euthanasia of the animal and were normalized
to stapes displacement. Mechanical responses of the organ of Corti were recorded in response to closed field,
calibrated single tones and logarithmically spaced tone complexes at three sound pressure levels. Level
functions at selected frequencies were also recorded with smaller dB steps.
Results
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Reductions in amplification were noted in the minutes following introduction of furosemide, as confirmed by
round window compound action potential threshold. The dependence of gain change magnitude upon cochlear
location was compared to postmortem measurements from the same animal, and between other subjects within
the experimental group.
Conclusions
Preliminary furosemide data support the finding that the group delay minimization seen in sensitive cochleae
is of physiological origin, lending support to the hypothesis of a distributed low frequency hearing mechanism.
SU61. 3D Finite Element Modeling of Blast Wave Transmission From the External Ear to a Spiral
Cochlea
Inner Ear: Cochlear Mechanics
Marcus Brown*1, John Bradshaw1, Rong Gan1
1
University of Oklahoma
Background
Blast exposure-induced injuries affect the health of veterans and other victims, in which the auditory system
is often damaged. Blast-induced auditory damage to the outer and middle ear can usually be non-invasively
observed but examining the damage to the inner ear is difficult to quantify. Finite element (FE) model of the
ear provides a tool that allows for the prediction of the inner ear function changes when the ear is exposed to
blast, and a recent study modelled the blast transmission throughout the ear utilizing a straight, two-chambered
cochlea (Brown et al. 2020). While this was a step forward in predicting the blast-induced damage in the
cochlea, the response of three chambered cochlea to blast exposure has yet to be investigated. In this study,
we utilized a FE model of the human ear, which includes the ear canal, middle ear, and a spiraled, threechambered cochlea, to simulate the response of a three-chambered cochlea to blast overpressure at the entrance
of the ear canal and compared the results to experimental data.
Methods
The FE model components include the ear canal, tympanic membrane (TM), ossicular chain, middle ear
suspensory ligaments/muscle tendons, middle ear cavity, round window membrane, and spiral-shaped cochlea
with the basilar membrane (BM), Reissner's membrane (RM) and three chambers. The material properties
used for the structural components were described in Gan et al. (2007). There were three fluid domains: the
air in the ear canal and middle ear cavity and the cochlea fluid. A blast overpressure waveform recorded from
the blast tests on human cadaver ears was applied at the entrance of the ear canal, and the pressure transmission
through the ear canal and middle ear into the cochlea was calculated in ANSYS. The TM and stapes
movements and cochlear BM and RM motions were derived in the time domain.
Results
Results from the FE model exhibited significant displacements of the flexible membranes and tissues of the
ear. The stapes displaced up to 61.3 µm in the piston direction with cochlear pressures as high as 49.9 kPa.
The BM and RM also exhibited high displacements in the micrometer range, and all in all, these simulated
results would undoubtedly cause damage to the inner ear.
Conclusions
A 3D FE model of the entire ear was used to simulate the mechanics of a spiral three-chambered cochlea when
the ear was exposed to blast overpressure. Future experimental studies will measure cochlear pressure during
blast exposure for model validation and evaluation of hearing protection devices for the inner ear. (Supported
by DOD W81XWH-14-1-0228)
SU62. A Biophysical Model of the Inner Hair Cells and its Implications on the Threshold of Hearing
Inner Ear: Cochlear Mechanics
Michael Faran*1, Miriam Furst1
1
Tel-Aviv University
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Background
Sensorineural hearing loss is a common phenomenon; however, its physical mechanisms are still a matter of
scientific debate. In recent years, experimental studies have proven that malfunction of the inner hair cells
(IHCs) and their synapse to the auditory nerve are a significant contributor of hearing loss.
Methods
In this study a detailed model of the IHC was developed. It includes the following parts: Calculation of the
reticular lamina velocity; the shear force developed in the fluid of the Organ of Corti between the reticular
lamina and the tectorial membrane that causes the IHC hair bundle (HB) to move; Calculation of the HB
displacement; Calculation of the probability of opening ion channels due to the HB movement; Calculation
of the IHC membrane voltage change that causes Calcium current; Calculation of the exocytosis rate invoked
by the Calcium current; Finally, the average firing rate of the attached auditory nerve (AN) fiber is obtained.
In order to evaluate the model, we have used the framework suggested by us earlier. It includes derivation of
the basilar membrane motion using the one-dimensional time domain cochlear model with active outer hair
cells; Derivation of the instantaneous firing rate of the auditory nerve; Determining the threshold of sin waves
that are commonly used in audiometric tests. In the current study, the derivation of the average firing rate was
replaced by the current IHC model. For normal hearing both models yielded similar thresholds with
compatibility to ISO 226.
In order to predict different types of Hearing loss, both mechanical and electrical parameters of IHC were
altered. Among them are the mechanical properties: bundle stiffness, stereocilia number and tip-link projection
angle; and the electrical properties: endocochlear potential and ionic concentrations, AN-IHC synapse
exocytosis rate.
Results
All types of IHC impairments simulated have yielded similar type of audiograms. Local increase in hearing
level is bounded by 40 dB in the low frequencies. Only massive damage of IHC causes a significant threshold
shift in high frequencies, which is unbounded by the 40 dB limit. This hearing level pattern is consistent with
past experimental studies of Presbycusis. Combination of IHC and OHC impairment yielded significant
threshold shift at high frequencies.
Conclusions
To conclude, this study suggests that the histological correlation between IHC count and increasing hearing
level should be explained by the interaction between IHC and their surroundings rather than the hair cell count
solely. Furthermore, this study has shown that experimental works can be explained and supported by up to
date biophysical models.
SU63. Fluid Focusing Helps Explaining the Decoupling Between the Gain and the Tuning
Inner Ear: Cochlear Mechanics
Renata Sisto*1, Christopher Shera2, Alessandro Altoè2, Arturo Moleti3
1
INAIL Research, 2University of Southern California, 3University of Roma Tor Vergata
Background
The basilar membrane (BM) response shows remarkable decoupling between the nonlinear behavior of gain
and tuning [Sisto et al., 2015]. A hydrodynamic focusing effect has recently been hypothesized as involved in
the traveling wave (TW) amplitude amplification near the characteristic frequency place. As the TW
approaches the peak region, the wavenumber, k, increases dramatically, the fluid layer involved in the TW
becomes thinner and the fluid inertial mass is reduced. Such phenomenon boosts the amplification of the BM
displacement in the peak region.
Methods
The hydrodynamical focusing phenomenon is estimated by using a WKB approach in a 2-d simplified box
cochlear model of height H. Following this classical approach, the amplification of the pressure due to the
focusing effect is parametrized in terms of the ratio between the local pressure and its value averaged over the
z-profile. This parameter a, the ratio between kH, where k(x) is the local wave number, and the tanh(kH). In
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the limit of large wavelength, alpha is very close to the unit, in the opposite limit (kH >>1) a rapidly grows in
proximity of the maximum activity peak region.
A 3-d FEM cochlear model is also solved in frequency domain. In this model the micromechanical tuning is
parametrized by varying the amplitude of an antidamping term on the BM. The hydrodynamical fluid effect
is also parametrized by varying the height of the cochlea, modeled as a simple 3-d box with constant height.
A model independent technique (Shera, 2005) was used in order to measure the k(x) of the TW.
Results
The results of the FEM simulations show that both the micromechanical tuning, Q, locally reducing the
damping of the tonotopic oscillator, and the increasing of the alpha parameter, parametrized by increasing the
height, contributes to the cochlear gain. The simulations show that when the wave number starts increasing a
catastrophic phenomenon due to the fluid reaction is switched on such that the amplification at the tonotopic
site. As consequence, the gain is not simply growing as the micromechanical tuning as one would have
expected in absence of the fluid coupling but it grows with the alpha parameter.
Conclusions
The hydrodynamic contribution to the cochlear gain is an important non-negligible effect involved in the
cochlear amplification. Fluid coupling explains why gain and tuning are effectively decoupled.
The observed gain should be interpreted both in terms of active feedback effect and its coupling to the fluid.
This way, only a fraction of the observed gain has to be attributed to the OHC amplifier, relaxing the
constraints on the OHC modeling parameters. Tuning is overestimated by criteria based on the measured gain
only, if the pressure effect is neglected in the model.
SU64. Glucocorticoid and Mineralocorticoid Receptors Expressed in Cochlear Support Cells Play
Different Roles in Recovery of Cochlear Function Following Noise Exposure in Mice
Inner Ear: Damage & Protection
Charles Barnes*1, Kathleen Yee1, Douglas Vetter1
1
University of Mississippi Medical Center

Background
Glucocorticoids (GCs) such as corticosterone are involved in homeostasis. Glucocorticoids can signal not only
through the low-affinity glucocorticoid receptor (GR) to which corticosterone binds, but also through the highaffinity mineralocorticoid receptor (MR) to which both corticosterone and aldosterone bind. The final effect
of GC signaling is therefore dependent on potential signaling outcomes stemming from activated MR and GR.
Previous studies (global genetic knockout, pharmacological, or surgical manipulation) of GC signaling have
associated GR activity with improved functional recovery from noise trauma while MR activity has been
associated with recovery of function in mouse models of autoimmune disorders and age-related hearing loss.
Here we begin a genetic and functional dissection of the role of GR and MR expression in the cochlea’s
response to noise exposure.
Methods
MR or GR were conditionally ablated from inner sulcus and lateral sulcus support cells of the cochlea. Two
to three-month-old mice were then noise exposed with either non-neuropathic (94dB) or neuropathic (100dB)
noise at 8-16kHz for 2hrs. ABRs and DPOAEs were collected for 21 days post-noise.
Results
One day after 94dB noise exposure, GR knockdown mice (n=12) exhibited an ABR temporary threshold shift
(TTS) of ~40dB at 22.6kHz. By day 3 post-noise, the TTS had decreased to ~20dB and by day 21 post-noise,
the GR knockdown mice exhibited an apparent permanent threshold shift (PTS) of ~10 dB associated with
elevated 2f1-f2 threshold. At the suprathreshold level, GR knockdown mice had decreased ABR peak 1 (P1)
growth over all days. Mice with a single GR allele intact (n=10) exhibited roughly similar TTS levels on day
1 post-noise, but quickly recovered to baseline values and did not exhibit persistent P1 decrease. Control mice
(n=10) exhibited ~40dB TTS on day 1 post-noise and recovered to ~10dB above baseline by day 3 post-noise
and approximately to baseline threshold by day 10 post-noise. Mice with MR knockdown (n=3) were
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subjected to 100dB noise exposure. MR knockdown mice behaved similar to controls (n=3) and showed a day
1 post-noise TTS of ~45dB. While both MR knockdown and control mice recovered over time at roughly
equal rates, PTS by day 21 in control mice that was approximately 24% greater than that of the MR knockdown
mice.
Conclusions
Both GR and MR activity in support cells are important for functional recovery from noise trauma. GR
knockdown negatively impacts recovery time after noise exposure and may increase susceptibility to loss of
high threshold afferent fibers. Conversely, MR knockdown from support cells seems to convey a greater
degree of recovery, decreasing PTS over the longer term. The findings may suggest a differential role for
support-cell GR/MR signaling during recovery from noise exposure.
SU65. In Silico Guided Cisplatin Ototoxicity Prevention
Inner Ear: Damage & Protection
Shaikh Emdadur Rahman*1, Yuying Huang1, Aoxiang Tao1, Matthew Caylor1, Dong Xu1
1
Idaho State University
Background
Cisplatin is a first-line platinum-based chemotherapy prescribed to 20% of all cancer patients. However,
cisplatin is also one of the most ototoxic drugs. 40-90% cancer patients who received cisplatin treatment
developed permanent hearing loss. Currently there are no FDA-approved preventive or curative therapies to
cisplatin-induced hearing loss.
Methods
We have developed a retrospective patient data mining approach to search repurposable FDA-approved drugs
or combination therapies for cisplatin-induced ototoxicity protection. We used this novel in silico method to
screen and examine several drug classes and assess the in-silico discovery in zebrafish lateral line neuromast
hair cell assays.
Results
Our in-silico drug screening identified several drugs and combinations that offer potential otoprotection
against cisplatin. The in-silico results are validated using in vivo zebrafish assays, showing protective effect
on lateral line neuromast hair cells.
Conclusions
Our results demonstrated a novel in silico method for rapid and systematic screening of otoprotective drugs
and combination therapies. Follow-up studies are underway to further validate the identified agents in
mammalian systems.
SU66. Targeting AMPKα Almost Completely Prevents the Massive Kanamycin-Furosemide-Induced
Loss of Outer Hair Cells and Attenuates Cisplatin-Induced Ototoxicity
Inner Ear: Damage & Protection
Zuhong He1, Qiaojun Fang1, Fan Wu1, Shan Xu1, Shengyu Zou1, Suhua Sha*1
1
Medical University of South Carolina
Background
Hearing loss from pharmaceutical agents including aminoglycoside antibiotics and cisplatin (CDDP) has been
extensively investigated, but there is no established pharmaceutical therapy available due to a lack of specific
therapeutic targets. Our investigations of noise-induced hair cell death found that AMPKα may be a key target
for prevention of trauma-induced hair cell loss. Since loss of sensory hair cells is a common pathological
feature of both noise- and drug-induced hair cell loss, we tested the hypothesis that silencing AMPKα may
prevent drug-induced hearing loss.
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Methods
We used models of kanamycin-furosemide (KM-FU)- and CDDP-furosemide (CDDP-FU)-induced massive
loss of outer hair cells (OHCs) in CBA/J mice. Auditory function was assessed by auditory brainstem response
(ABR) and distortion product oto-acoustic emissions (DPOAE), pathology by surface preparations and
immunohistochemistry; loss of OHCs was counted from myosin-VIIa labeling along the entire length of the
cochlear spiral.
Results
Treatment with KM-FU or CDDP-FU increased immunolabeling for p-AMPKα in OHCs. Pretreatment with
siAMPKα almost completely prevented the KM-FU-induced massive OHC loss. KM-FU-induced auditory
threshold shifts measured at 8, 16, and 32 kHz and reduction of DPOAE amplitudes assessed from 4–44 kHz
were also completely prevented. Pretreatment with siAMPKα did not change FM1-43 uptake into OHCs
compared to that of the scrambled siRNA (siControl) mice, indicating that the protective effect is not due to
inhibition of KM uptake. Furthermore, the massive DDP-FU-induced loss of OHCs and auditory threshold
shifts were significantly attenuated.
Conclusions
These findings suggest that targeting AMPKα is a promising approach to prevent aminoglycoside- and CDDPinduced hair cell loss and hearing loss.
Acknowledgements: The research project was supported by grant R01 DC009222 from the National Institute
on Deafness and Other Communication Disorders, National Institutes of Health.
SU67. Optimization of a Cisplatin Induced Ototoxicity Model in Female Wistar Rat by Repeated Slow
Intravenous Administration at Lower Doses
Inner Ear: Damage & Protection
Christophe Tran Van Ba1, Emilie Bousquet1, Viviana Delgado Betancourt1, Pauline Liaudet1, Vincent
Descossy1, Audrey Broussy1, Jonas Dyhrfjeld-Johnsen1, Laurent Désiré1, Mathieu Petremann*1
1
SENSORION
Background
Cisplatin is used to treat both adult and pediatric tumors and routinely forms the backbone of chemotherapy
regimens. Cisplatin-induced hearing loss is an unmet medical need for both these populations, potentially
resulting in multifaceted decrease in quality of life and language acquisition, social and academic development
in the pediatric population (Gurney et al, 2007). Several cisplatin-induced ototoxicity (CIO) paradigms have
been developed in animal models using different dosing schedules and routes of administration to reduce
nephrotoxicity and improve hearing loss consistency. We have previously used a single cisplatin dose regimen
(slow intravenous infusion) to demonstrate the protective effect of the small molecule SENS-401 in a rat CIO
model (Petremann et al., 2017). Supported by data highlighting the cumulative dose of cisplatin as one of the
most important ototoxicity factor when administered with repeated infusions at lower doses (Harrison et al.
2016), we decided to optimize the model stability by reducing nephrotoxicity, mortality and improving hearing
threshold shifts consistency using repeated lower cisplatin dosing regimen.
Methods
Following baseline ABR (8/16/24/32 kHz) and DPOAE (4/8/16/24/32 kHz) recordings, three groups of n=10
female 7-weeks old Wistar rats received single or multiple intravenous infusion of cisplatin in 20 mL/kg 0.9%
NaCl, during 30 minutes under isoflurane anesthesia, of respectively 1x10 mg/kg (T0), 2x5 mg/kg (T0,T+7d)
and 4x2.5 mg/kg (T0, T+7d, T+14d,T+21d). Once daily oral rehydration (10 mL/kg 0.9% NaCl) plus NaCl
0.9%, 5% glucose (10 mL/kg) i.p. was performed for 35 days before final audiometry performed for
characterization of final hearing loss. Survival rate was determined as the percentage of the number of
originally included animals per group.
Results
Survival rate of cisplatin infused animals showed a negative correlation with fractioned doses, with 100%
survival on D35 for animals receiving 4x2.5 mg/kg and 80% for animals receiving 2x5 mg/kg. Unexpectedly,
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no animal survived with the single dose of 10 mg/kg. D35 ABR threshold shifts ranged from 0.5 to 3.5 dB
depending on frequency tested for the 4x2.5 mg/kg cisplatin group 2 weeks after the last infusion. Animals
receiving 2x5 mg/kg cisplatin infusion showed mean ABR threshold shifts of 24±6 dB across all frequencies
with a frequency-dependent increase from 8 kHz to 32 kHz from respectively 9 to 36 dB, 4 weeks after the
last infusion. DPOAE amplitude losses were consistent with the doses and frequency dependence of the
observed ABR threshold shifts.
Conclusions
These data demonstrate that the 2x5 mg/kg cisplatin regimen could be a balanced model with ethically
acceptable survival rates and clinically relevant hearing loss profile. It also demonstrates that at similar
cumulative dose, the dosing regimen has an impact on mortality, ototoxicity and its kinetic. The 4x2.5 mg/kg
cisplatin model could benefit from an extended duration up to 4 weeks after the last infusion.
SU68. An in Vivo Model as an Approach to Deliver Potential Therapies for Noise-Induced Hair Cell
Loss
Inner Ear: Damage & Protection
Clara Draf*1, Eduardo Chavez1, Kwang Pak1, Stefan Dazert2, Arwa Kurabi1, Allen F Ryan1
1
University of California, San Diego, 2Ruhr University
Background
The broad spectrum of causes of hearing loss include drugs, mutations in deafness genes, infections, aging
and exposure to excessive levels of sound. Noise can lead to two effects: it can produce temporary threshold
shifts (TTS) that fully recover to normal and permanent threshold shifts that fail to recover. Various
techniques exist for delivery of drugs to the cochlea. Currently established techniques include parenteral
injection, intra-peritoneal injections, trans-tympanic injection, endolymphatic sac injection, cochleostomy
with perilymphatic perfusion and most recently round-window applications. Our aim was to use an approach
that enables continuous delivery to the cochlea, avoids systemic toxicity while allowing intra-animal control
through the contra-lateral ear.
Methods
Three sets of six adult female FVB mice each ranging from 4-6 weeks were performed. Using a retrosigmoid
approach a hole was drilled into the posterior semi-circular canal and a catheter which was attached to a microosmotic pump (1ul per hour, 3 days) was placed into the posterior canal. The opening was sealed with fibrant
sealant and fascia. The pump which contained either an antioxidant or DMSO as a control was placed into a
subcutaneous pouch on the back of the mouse. Preoperative, post-noise exposure and 14 days postoperative
ABR testing was conducted in a sound attenuating chamber with 8,12, 16, 24 kHz tone bursts for both ears.
Results
ABR thresholds pre- and post-noise exposure were compared between mice which were treated with one of
two antioxidants plus DMSO versus mice treated with DMSO alone. Significantly more recovery of
thresholds was observed post-noise for mice treated with one of the two antioxidants.
Conclusions
The semi-circular canal model, which has been used for one-time delivery, presents a reliable and reproducible
approach for continuous drug delivery transport to the cochlea. Further advantages of this technique include
avoidance of systemic toxicity, rapid onset of effect, allowance of an intra-animal control ear and the
possibility to apply this method to other rodent species. Disadvantages include disruption of the inner ear
microarchitecture by puncturing the semi-circular canal.
SU69. Previous Acoustic Trauma Prolongs the Acute Damage Response of Type II Cochlear Afferents
and Epithelial Cells
Inner Ear: Damage & Protection
Nathaniel Nowak*1, Megan Wood1, Paul Fuchs1, Elisabeth Glowatzki1
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Background
Spiral ganglion neurons (SGNs) transmit auditory information from cochlear hair cells to the central nervous
system. The vast majority, type I afferents, have direct one-to-one synaptic input from inner hair cells to
convey the frequency, timing and intensity of sounds. Type II afferents (~5% of SGNs) contact multiple outer
hair cells (OHCs) for a less certain role in auditory processing. Type II afferents in the apex of pre-hearing
cochleas respond weakly to glutamate released by OHCs but strongly to ATP1 and the rupture of OHCs2,
suggesting a role as cochlear nociceptors3. Further study of type II afferents should extend throughout the
cochlea, and to older tissues, particularly to explore sensitization after acoustic trauma, as might underlie
noxacusis (painful hyperacusis).
Methods
To pursue these goals, we expressed a genetically encoded fluorescent calcium indicator in type II afferents
to visualize calcium transients after focal ablation of OHCs using two-photon microscopy. Different regions
of semi-intact cochleas were examined in THCreER:GCaMP6f, DrD2Cre:GCaMP6f, and Tac1Cre:GCaMP6f
mice4. Fluorescence changes were calculated from regions of interest around neuronal segments in ImageJ
and dividing by the background fluorescence. To test for the effects of acoustic trauma, six-week-old mice
were exposed to 110 dB SPL broadband noise for 2 hours and then 1 or 3 weeks later sacrificed for calcium
imaging experiments.
Results
OHC ablation caused calcium transients in apical and basal type II afferents in pre-hearing mice, with time
course similar to excitatory currents recorded in apical type II afferents of pre-hearing rats2. The probability
of occurrence of damage-evoked calcium transients was lower in mature type II afferents. However, minutes
after the focal ablation event, epithelial cells and type II afferents of mature mice occasionally experienced
waves of calcium transients. In the weeks after exposing mice to damaging noise, type II afferents maintained
their lower likelihood to respond to focal ablation but had significantly longer duration responses.
Additionally, the probability of delayed responses to focal ablation was significantly increased in noiseexposed animals and was associated with a general increase in epithelial cell activity.
Conclusions
Combined with more synaptic ribbons in OHCs after noise trauma5, the increase in response duration and
likelihood of delayed activity after focal ablation suggests that type II afferents become hyperactive after noise
exposure. These results support the role of type II afferents as auditory nociceptors and could indicate a
functional parallel between hyperacusis and the hyperalgesia and allodynia experienced after skin damage6.
References
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SU70. L-N-Acetylcysteine and Dexamethasone in Combination Provides Otoprotection for Electrode
Insertion Trauma in an in Vivo Model
Inner Ear: Damage & Protection
Adrien Eshraghi*1, Rahul Mittal1, Erdogan Bulut1, Carolyn Garnham2, Jeenu Mittal1
1
University of Miami Miller School of Medicine, 2MED-EL GmbH, Innsbruck
Background
The inner ear trauma caused by cochlear implant (CI) electrode insertion trauma (EIT) results in initiation of
programmed cell death which leads to loss of residual hearing. The goal of this study is to test the efficacy of
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a combination of these L-N-acetylcysteine (L-NAC) (an antioxidant), and dexamethasone (Dex) (a steroid) to
provide otoprotection against EIT and determine appropriate dosages employing a preclinical model of CI.
Methods
Guinea pigs were treated with L-NAC or DEX either alone or in combination followed by implantation.
Hearing thresholds were determined by auditory brainstem recordings (ABRs) at different days postimplantation. The whole cochleae were subjected to 8-isoprostane and cleaved caspase 3 staining to determine
the levels of oxidative stress and apoptosis, respectively.
Results
ABR thresholds were significantly lower in animals treated with otoprotective agents in combination
compared to individually. In addition, there was decrease in levels of oxidative stress and less apoptosis
following treatment with L-NAC and Dex in combination as lower concentrations.
Conclusions
EIT involves oxidative stress and lipid peroxidation early on after the implantation. L-NAC, and Dex are
effective alone in protecting the sensory cells at high doses. A combination containing L-NAC, and Dex at
much lower doses of each compound, is effective in protecting sensory cells leading to prevention of elevation
in hearing thresholds in response to EIT. These compounds can be combined with synergistic effect allowing
a decrease of potential side effects of each compound and providing significant otoprotection for EIT.
SU71. Identification and Characterization of a Novel Therapeutic Class for Protection Against
Cisplatin-Induced Hearing Loss
Inner Ear: Damage & Protection
Natalia Tsivkovskaia*1, Claudia Fernandez1, Rayne Fernandez1, Xiaobo Wang1, Pranav Mathur1, Phillip
Uribe1, Stephanie Szobota1, Anne Jones1, Kelly Halderman1, Rina Fong1, Anna Stepanenko1, Bonnie Jacques1,
Alan Foster1, Fabrice Piu1
1
Otonomy, Inc
Background
Cisplatin is a potent chemotherapeutic agent widely used to treat cancers in adults and children, but is
associated with severe adverse effects including nephrotoxicity, peripheral neuropathy and ototoxicity.
Cisplatin-induced ototoxicity, commonly referred to as cisplatin-induced hearing loss (CIHL), has a high
prevalence and can be progressive, bilateral and irreversible. Within the cochlea, loss of hair cells (HC), spiral
ganglion neurons (SGNs) and damage to the stria vascularis (SV) has been identified as the cause of CIHL.
Given the impact of CIHL on patient’s lives, particularly children prior to the acquisition of language, there
is an urgent need for treatments to prevent CIHL. We previously reported a comparison of different
pharmacological approaches against cisplatin ototoxicity, evaluating a variety of chemical entities that
targeted cisplatin binding, drug transport, oxidative stress, and apoptosis/cell death. These efforts led to the
identification of a novel therapeutic class of agents that demonstrate potent otoprotective properties against
cisplatin.
Methods
Cochlear explant models of cisplatin ototoxicity were established using Sprague-Dawley rat pups; these
models allowed for the assessment of HCs, SGNs and the SV on the basis of cell-specific markers to quantify
otoprotection. Adult female rats (Sprague-Dawley) served as subjects in the in-vivo CIHL experiments.
Specifically, animals received a single intraperitoneal infusion (8ml/hr) of cisplatin at a dose of 12 mg/kg and
were monitored for 3 days. Pharmacological intervention was conducted as a single intratympanic
administration, given 30 min prior to cisplatin. Hearing function was measured using ABR (auditory brainstem
response) at various frequencies over the duration of the studies. Hair cell and SV integrity was determined at
termination via cytocochleograms and SV assessment.
Results
About a hundred pharmacological compounds from different therapeutic classes were tested in the ex-vivo
cisplatin ototoxicity model. A novel class of molecules was identified that has superior, dose-dependent
potency relative to others reported in the literature or in current clinical trials. In addition, these molecules
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were deemed to exhibit superior cisplatin binding potential. A subset of these compounds demonstrated almost
complete protection in the CIHL model both functionally and histologically.
Conclusions
These studies identified a novel class of potent and efficacious therapeutic agents suitable for local
administration to treat CIHL. The local delivery of otoprotective compounds to the inner ear via intratympanic
administration has advantages for CIHL by ensuring low systemic exposure that will not interfere with the
anti-tumor effects of cisplatin. Consequently, intratympanic administration of this novel class of compounds
prior to each cycle of cisplatin administration is a viable approach for the treatment of hearing loss caused by
platinum-based chemotherapeutics.
SU72. The Interaction of Musical Training and Noise Exposure on Medial Olivocochlear Efferent
Function
Inner Ear: Damage & Protection
Sarah Powell1, Erika Skoe*1
1
University of Connecticut
Background
Hearing is regulated by auditory efferents that project from primary auditory cortex to cochlear hair cells.
Weakening of the medial olivocochlear (MOC) pathway can exacerbate noise-induced hearing loss (NIHL),
a common yet preventable form of hearing loss from acoustic trauma that damages hair cells. But even when
noise does not cause permanent hearing loss, peripheral damage to the afferent pathway may still occur but
be “hidden” from threshold testing. A recent mouse model suggests that MOC efferents are also vulnerable
to hidden-hearing loss (HHL), by showing that MOC terminal degeneration and cochlear synaptopathy occur
following noise exposure without threshold elevation (Boero et al., 2018). It is unclear whether the same
applies to human populations, although new findings suggest that regular exposure to moderately loud sounds
conditions the MOCR, leading to stronger MOCR activation in adults with higher levels of sound exposure
(Bhatt, 2017). Sound conditioning is also a proposed explanation of stronger MOC activation in highly trained
musicians, a population at risk for NIHL (Brashears et al., 2003). Here we investigated the possibility that
the human MOCR pathway may be subject to both sound conditioning and HHL-neuropathy, by focusing on
musicians and controls with normal audiometric thresholds. We hypothesized that musical activities serve as
a double-edged sword to the efferent system, acting both to strengthen the MOC pathway through long-term
exposure to nondamaging sound resulting from years of musical practice, but also weakening it when noise
exposure levels from music activities become harmfully loud. Our previous work on speech perception in
noise (SPIN) (Skoe et al., 2018), a putative perceptual correlate of MOCR function, provided initial support
for this hypothesis by showing that total years of musical training had a positive association with SPIN, but
noise exposure (arising predominantly from music activities) had a negative one. Because the benefits and
risks worked in opposition, neither emerged as a significant factor until the other was added to the statistical
model. We predicted that the same could be true for the MOC.
Methods
We recruited a new cohort of subjects with clinically normal hearing, who ranged in total years of musical
training from 0-19 years and varied in their risk of NIHL from musical activities, with some having daily
exposure to sound levels that exceed safety limits. MOC activation was measured using a paradigm in which
transient otoacoustic emissions were recorded in the presence of contralateral noise.
Results
Results confirmed our hypothesis: we show that more years of musical training relates to stronger MOC
activation, but higher levels of noise exposure relate to weaker activation.
Conclusions
Our findings support the possibility that the MOC pathway is vulnerable to HHL and suggest that long-term
auditory training could offset this vulnerability.
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SU73. 3-D Printed Microneedle Arrays Can Create Simultaneous Perforations in the Round Window
Membrane Without Tearing
Inner Ear: Drug Delivery
Chris Valentini*1, Aykut Aksit1, Betsy Szeto1, Jeffrey Kysar1, Anil Lalwani1
1
Columbia University
Background
The round window membrane (RWM) is a barrier between the middle and inner ear space that limits drug
delivery to the cochlea. Perforation of the guinea pig RWM with a single microneedle has demonstrated the
ability to enhance diffusion across the membrane 35-fold. Subsequent studies have shown that the RWM heals
after introduction of a microperforation into the membrane using ultra-sharp microneedles without sustaining
long-term damage to hearing.
Methods
Three variations of ultra-sharp polymer microneedle arrays were designed using Two-Photon Polymerization
lithography (2PP) to concurrently produce 3, 4, or 5 perforations in the guinea pig RWM (n=4 per group) in
vitro. Each RWM was analyzed using confocal microscopy post-perforation to determine the effects of
multiple simultaneous perforations on the membrane.
Results
Microneedle arrays created multiple simultaneous perforations in the RWM without tearing between the
perforations. Perforations were similar in size to those that have been shown to heal within 72 hours. The
perforations are lens shaped and the major axis is on average slightly smaller than the microneedle diameter.
The average total area of perforation for the 3-, 4-, and 5- microneedle arrays is 1837.61, 1719.66, and 1899.42
m2 respectively (SD = 1666, 773.6, and 1635.2).
Conclusions
3D-printed microneedle arrays can create multiple precise perforations in the RWM without tearing between
perforations. Creating multiple perforations would allow for an increased total area of perforation and
therefore allow for an increased delivery of therapeutic to the inner ear. The design flexibility of 3D printing
technology allows for almost unlimited creativity in needle design and can adapt to the researcher’s or
clinician’s needs. The similar total area of perforation between the 3 groups along with the appearance of the
perforations under confocal microscopy suggests that when increasing the number of needles per array, not
all needles reach the RWM equally because of the unique three-dimensional shape and orientation of the
RWM in space.
SU74. Pharmacokinetics of an Otoprotective Drug in Cochlea in a Rat Model
Inner Ear: Drug Delivery
Nirmal Thapa*1, Rahul Mittal1, Rahul Sinha1, Nia Hilton1, Crystal Li1, Jeenu Mittal1, Adrien Eshraghi1
1
Miller School of Medicine, University of Miami
Background
For the potential translational relevance of otoprotective drugs to humans, it is essential to understand their
pharmacokinetics (PK) and cochlear distribution. PK studies are an integral and very crucial component of
drug discovery. These PK studies provide essential information regarding absorption, distribution,
metabolism, and clearance of drugs from the cochlea. PK studies help in confirming drug delivery into the
inner ear as well as provide information about the efficacious dose that reaches the cochlea. In addition,
otoprotective drugs target different cochlear subsites depending on the route of administration.
Methods
We used fluorescent conjugated drug to perform PK studies. Sprague-Dawley rats (6-8 weeks old) were
procured from Charles River laboratory and were divided into various groups. In Group 1, animals received
an intraperitoneal (IP) injection of drug. In Group 2, animals were anaesthetized, and drug was administered
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slowly through the tympanic membrane using a surgical microscope. In Group 3, animals were anesthetized
followed by retroauricular incision exposing the bulla of the experimental ear. The bulla was opened with a
scalpel and round window membrane (RWM) was exposed followed by the application of the drug. The
perilymph was collected at different time-periods post-administration of drug followed by harvesting of
cochlea. The fluorescent intensity in the perilymph samples was determined using fluorescent microplate
reader. Cochleae were subjected to cryosectioning followed by immunostaining and quantification of
fluorescent conjugated drug. The perilymph samples and cochleae harvested from PBS treated or untreated
animals served as control to rule out the background noise.
Results
We observed that otoprotective drug targets different sensory structures in the cochlea depending on the mode
of administration. The drug was able to successfully reach the inner ear following all three methods of
administration.
Conclusions
The results of the present study suggest that different administration methods result in different concentrations
of drug in the cochlea. The information derived from the present study may help clinicians in selecting
appropriate route for administration of otoprotective drugs for the treatment of various auditory disorders.
SU75. Effects of Auricle Dimensions on Cartilage-Conduction Perception Characteristics
Middle & External Ear
Seiji Nakagawa*1, Yap Gaik Sean2, Sho Otsuka3
1
Chiba University, 2Graduate School of Science and Engineering, Chiba University, 3Center for Frontier
Medical Engineering, Chiba University
Background
Bone-conduction (BC) has been applied to hearing aids for the conductive hearing impaired. However, BC
transducer has to be clamped by steel headband and sometimes brings pain and discomfort to its user, and
such problems have hindered its widespread application. Therefore, “cartilage-conduction (CC)” has been
proposed to solve these problems. Unlike BC, CC uses the ear cartilage tissue of the auricle as the main
transmission medium by bringing a transducer into contact with the cartilage of the auricle. Since the auricle
cartilage is soft and elastic, CC does not bring the pain and it has been actually applied to hearing aids and
smartphones.
Despite of its practical use, CC has limited number of studies and the effect from nonlinearity of cartilage
tissues is unclear. In our previous studies, cartilage-conduction showed different effect of frequency from the
conventional bone-conduction and it is expected to be the influence of difference of presentation placement
of the transducer. In this study, with the purpose to study the relationship between the auricle morphometry
with the cartilage-conduction sound, we first approach by investigating how the exterior dimension of the
auricle influence the generation of cartilage-conduction sound components.
Methods
We measured the size and shape of the pinna of healthy hearing subjects and examined the detection threshold
characteristics of cartilage-conduction perception and evaluated their correlation. In addition, in order to
investigate the effect of osseotympanic components in the ear-canal, measurements were also performed under
conditions where the air-conducted components were cut off by plugging ear-canal with ear plugs.
Results
As a result of two-way analysis of variance, the main effects of frequency and auricle dimensions were
confirmed for auricle sizes (p<0.01). On the other hand, the main effect of frequency was observed in the
auricles shape (p<0.01), but only partially of main effect of auricle shapes was observed. In particular, under
the condition with earplugs, there was almost no correlation could be observed with the auricle shapes.
Conclusions
When the size of the auricle such as the length and width is large, the weight of the entire auricle is thought to
be larger as well. As a result, more energy was required to vibrate the auricle in conducting vibrations into the
ear, and hence increasing the hearing thresholds as the auricle size increased were observed. Our findings
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suggest that the effect of cartilage-conduction might differ depending on the individual auricle differences and
this may be an important piece of information for cartilage-conduction device development as the creation of
cartilage-conduction may need to take into account the aspect of individual differences in order to develop
devices that are compatible to all users.
SU76. New Analyses of the Tympanic Membrane Impulse Response Measured With High-Speed
Holography
Middle & External Ear
Haimi Tang*1, Pavel Psota2, John Rosowski3, Cosme Furlong1, Jeffrey Cheng3
1
Worcester Polytechnic Institute, 2Technical University of Liberec, 3Mass Eye and Ear / Harvard Medical
School
Background
The shape and the displacement of the tympanic membrane (TM) play an important role in transforming
acoustic energy to ossicular vibration. We developed a High-speed Digital Holographic (HDH) system to
measure the shape of the TM with a resolution of 120 µm, as well as the transient displacement of the TM
with a resolution of less than 20 nm and a temporal resolution of ~15 µs. New analyses are performed on the
transient vibration of the entire TM to describe TM mechanics. We present the results from cadaveric human
TMs.
Methods
Three normal temporal bones were studied. The external ear was removed to expose the TM. The shape and
the transient displacement of the whole TM induced by free-field acoustic clicks were recorded by the HDH.
The TM displacement was normalized by the shape to derive surface normal displacements at over 100,000
surface points. Frequency and impulse response analyses were performed to describe TM mechanics in terms
of 2D maps of (a) the dominant frequencies and their magnitudes; (b) rising time; (c) decay constants, and (d)
the root-mean-square (rms) displacement magnitude. The dominant frequency map and magnitudes are based
on the frequency response function (FRF) of the TM displacement calculated by normalizing the spectra of
the displacement at each pixel point of the TM surface by the sound-stimulus spectrum. The rising time and
decay constant maps are based on the impulse response function (IRF) of the TM displacement, which is
reconstructed by inverse Fourier transformation of the FRF. The rising time was the time of the first maximum
of the IRF, and the decay constant is obtained from an exponential curve fit to the IRF. Spatially averaged
FRFs are also calculated.
Results
The averaged FRFs of the three TMs show similar frequency dependent patterns. The 2D maps show that a
majority of the three TM areas have maximal displacement at frequencies between 1 and 2 kHz. The rising
times of the IRF suggest that much of the TM surface is set into motion within 50 µs of an impulsive stimulus.
The maps of the decay time of the IRF illustrate spatial variations in damping within the TM.
Conclusions
The high spatial and temporal sensitivity of the HDH provides a unique tool for measurements and new
analyses of the TM displacement in response to impulsive sound. We present new parameters to describe TM
mechanics in the normal ear and will extend this approach to study the pathological middle ear.
SU77. The Mechanism of Active Transport Across the Tympanic Membrane
Middle & External Ear
Allen F. Ryan*1, Arwa Kurabi1
1
University of California, San Diego
Background
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Otitis media (OM) is the most common disease of childhood, with significant health and economic burden in
developed countries. In some underserved populations and in developing countries, OM is a much more
serious condition, leading to significant mortality due to meningitis and to cochear damage. Under-treated
suppurative OM is estimated by the World Health Organization to cause one half of the world’s burden of
serious hearing loss, more than the effects of aging and noise exposure combined. Drug treatments for diseases
of the middle ear (ME) are currently delivered systemically, or locally after opening the tympanic membrane
(TM). A noninvasive method for drug delivery to the tympanic cavity would be desirable, especially for
children and in countries with limited medical capacity.
Methods
We previously used the technique of bacteriophage display to discover novel peptides that are actively
transported across the intact TM, and that displayed a variety of transport rates. The structures of the peptides
were analyzed to provide evidence regarding the transport mechanism, which was then tested by the
application of targeted inhibitors.
Results
Primary sequence comparisons indicated that the trans-TM peptides share one of two amino acid motifs.
Secondary structural predictions revealed that linear peptide structures are associated with higher transport
rates than are coiled structures. Tertiary structural analysis indicated that the shared sequence motifs were
more prominently displayed at the free ends of peptide structures for the most rapidly transported peptides.
When the shared motifs were evaluated for similarity to known motifs, the highest probability matches were
for motifs in proteins involved in transport across membranes and in the exosome system. Overall the
structural findings suggest that the two motifs represent binding sequences. They also implicate transcytosis,
a polarized epithelial cell transport mechanism consisting of endocytosis, trans-cellular transport, and
externalization at the opposite cell membrane. Supporting the structural findings, inhibitor studies indicated
that macropinocytotic endocytosis, retrograde transport through the Golgi apparatus and exocytosis are
required for active transport across the TM.
Conclusions
Overall, the results strongly support the existence of transcytosis in cells that make up the TM, which is
capable of transporting large particles from the external to the ME. This mechanism can be harnessed to noninvasively deliver therapies to the ME.
SU78. Middle-Ear Impedance Estimation From Wideband Acoustic Immittance Measurements in
Ears With Otitis Media With Effusion
Middle & External Ear
Gabrielle Merchant*1, Stephen Neely1
1
Boys Town National Research Hospital
Background
Wideband acoustic immittance (WAI) measurements have been shown to have clinical value in differentiating
origins of conductive hearing loss, including both middle- and inner-ear causes. The goal of WAI
measurements is to determine the status of the middle ear. However, WAI measures are made by a probe
placed at an undetermined location in the ear canal, and variations in probe location and individual patient
ear-canal acoustics may add noise and variability to some if not all derivatives of these WAI measurements.
In an effort to improve these measurements in order to yield better diagnostic sensitivity and specificity, a
more direct estimate of middle-ear impedance not influenced by these factors would be beneficial.
Methods
Four representative examples from a recent study of WAI outcomes in ears from children with otitis media
with effusion (OME) were utilized in this work. Three examples of ears with OME were selected to represent
different surgically confirmed volumes of fluid in the middle-ear: an ear recently diagnosed with OME but
clear of effusion, an ear partially full of effusion, and an ear completely full of effusion. A fourth example was
selected to represent a normal ear without OME. For each example, WAI (specifically, absorbance) was first
recalculated using the surge impedance as opposed to the characteristic impedance. Middle-ear impedance
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was then estimated from the measured ear-canal impedance. An electrical-analog model of ear-canal acoustics
and middle-ear mechanics was then utilized to model the ear-canal and middle-ear impedance, as well as the
absorbance. Model results were obtained by fitting parameters values to measured impedance and absorbance.
Finally, model parameter fits were evaluated to aid in understanding the observed changes in middle-ear input
impedance as a result of the various pathological states.
Results
Middle-ear impedance increased with increasing amounts of fluid, with a roughly factor of 10 increase in
magnitude from the normal condition state to the full condition. The model results appear to fit the measured
ear-canal impedance and absorbance well for all conditions, though there was fine structure in the absorbance
measurements in the full and partially full OME ears that as not reproduced by the model. Some model
parameter fits demonstrated systematic changes due to pathology that could potentially aid in both the
development of diagnostics and understanding the mechanical implications of these pathological changes.
Conclusions
Overall, these preliminary results suggest that middle-ear impedance may provide useful information of
potential clinical value to improve WAI measurements.
SU79. Chemical Modulation of GATA3
Other, Medicinal Chemistry
Paige Blinkiewicz*1, Kelly Teske1, Jeremy Duncan1
1
Western Michigan University
Background
Gata family of transcription factors, all contain an N- and C- terminus zinc finger that bind selected GATA
sites to regulate specific gene expression. Literature has demonstrated that small molecules (<500 g/mol) can
effectively inhibit or activate Gata-mediated transcription by either blocking Gata binding to the major groove
or by enhancing Gata binding to the minor groove of the target gene, respectively. Modulation of this proteinDNA interaction can serve as a therapeutic strategy for numerous diseases. Specifically, this work focuses on
the dysregulated expression of Gata3, which is known to cause hypoparathyroidism, sensorineural hearing
loss, and renal dysplasia (HDR) syndrome.
Methods
No small molecule has yet been designed to modulate the Gata3-DNA interaction. A cell-based luciferase
reporter assay has been developed for high throughput screening to identify a small molecule modulator of
Gata3-mediated transcription.
Results
Herein, we report the results of our screening campaign.
Conclusions
Identified small molecules will be used in future downstream studies to modulate Gata3 expression in vivo.
Potent small molecule regulators of Gata3 show great therapeutic promise in helping to regulate the expression
of Gata3.
SU80. Missed Opportunities: Newborn Hearing Screening During the COVID-19 Pandemic
Other; Newborn hearing screening, COVID-19
Eliot Shearer*1, Kosuke Kawai1, Abigal Lorenzo2, Karl White3, Cynthia Morton2
1
Boston Children's Hospital, 2Brigham and Women's Hospital, 3Utah State University
Background
Effective early identification and treatment of children with hearing loss leads to the best language and
developmental outcomes. Universal newborn hearing screening (NBHS) has been widely implemented in the
United States, with 98.3% of newborns undergoing screening resulting in 6,432 identified children with
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congenital hearing loss per year. Universal NBHS has led to a decreased average age of identification of
children with deafness. However, there is concern that NBHS may be affected due to societal changes related
to lockdowns and social distancing guidelines as a result of the COVID-19 pandemic. In this study, our goal
was to use reported NBHS screening data from multiple states as well as a national survey of audiologists and
NBHS screeners to determine the impact of COVID-19 on NBHS in the United States.
Methods
We analyzed NBHS data from 268,308 newborns in 4 states (Arizona, Hawaii, Idaho, and Utah) pertaining to
the number of births and number of children undergoing NBHS from January 2019 through August 2020.
Statistical analyses were performed to compare data from prior to the pandemic to data from during the
pandemic. We also performed a survey of clinicians involved in NBHS across the United States to determine
changes in clinical practice during the COVID-19 pandemic.
Results
Overall, in the four states studied during the study period, the rates of children completing NBHS dropped
significantly from 97.7% to 96.9% (0.8% difference). This represents 8 of 1,000 fewer children screened. The
rate of children undergoing outpatient re-screening fell from 66.2% to 53% (13.2% difference), also
statistically significant. There were differences between states which likely represent dissimilar approaches to
lockdowns. More state-level data will be added as it becomes available. Of 1,776 surveys sent, 131 (10.7%)
respondents completed the survey. Respondents were from 40 states and territories and the majority were
audiologists (95%). 76% of respondents reported some change to standard NBHS as a result of the COVID
pandemic. 42% of respondents reported that some NBHS activities had been suspended or deferred due to the
pandemic. 79% of respondents reported having some concern that babies are missing NBHS.
Conclusions
NBHS rates have fallen significantly due to the COVID-19 pandemic. If screening rates continue at COVID19 rates, we estimate that 480 babies with congenital hearing loss will not be identified per year in the United
States. Further research will be needed to determine long-term changes to NBHS as a result of the pandemic.
SU81. Intracellular Responses of Neurons in the Basolateral Amygdala to Social Vocalizations in the
Big Brown Bat (Eptesicus Fuscus)
Other, Auditory processing in non-auditory brain regions
Sergiy Voytenko1, Sharad Shanbhag1, Jeffrey Wenstrup1, Alexander Galazyuk*1
1
Northeast Ohio Medical University
Background
The amygdala is known to be involved in acoustic communication through its analysis of the meaning of
social vocalizations and the organization of emotional responses. This role is supported by mechanisms acting
within the basolateral amygdala (BLA) on a moment–by-moment basis to integrate auditory and other sensory
information with limbic and neuromodulatory inputs reflecting internal state. Our previous work showed that
vocalizations with positive or negative emotional valence could evoke spiking responses in BLA neurons.
Further, we found that vocal stimuli affected spike discharge well beyond stimulus duration, including
persistent firing, long term suppression, and sensitivity to repetition rate. We hypothesized that these longterm effects may be mediated by prolonged excitatory or inhibitory postsynaptic responses in BLA neurons.
To test this hypothesis, we recorded intracellular responses of bat BLA neurons to social communication calls.
Methods
Three adult big brown bats (Eptesicus fuscus) were used in the study. Intracellular responses of BLA neurons
were recorded in unanesthetized animals in response to conspecific social vocalizations previously recorded
from freely behaving bats (Gadziola et al., 2016). Stimuli were presented pseudorandomly with the
interstimulus interval of 1 s or 3 s at the level of 70 dB SPL in free-field stimulation. Quartz micropipettes
filled with 2 M KCl solution having impedances in the range from 100 MΩ to 300 MΩ were used for recording.
Postmortem histological evaluation of recording sites was performed using iontophoretic injection of the
fluorescent tracer Fluoro-Gold.
Results
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Intracellular responses of 148 BLA neurons were recorded in response to three different social vocalizations.
The vast majority of BLA neurons (85%) selectively responded to a particular vocal stimulus. These responses
were typically long latency (50 – 300 ms) and subthreshold rather than suprathreshold (spiking). Responses
had durations up to several hundred milliseconds and depended on communication call were excitatory
(depolarizing) or inhibitory (hyperpolarizing). Unexpectedly, we found that in a subset of BLA neurons their
spiking activity was suppressed several minutes after cell penetration, whereas the resting membrane
potentials in these neurons remain unchanged. Since we did not observe such a reduction in spiking during
our intracellular recordings from the inferior colliculus or auditory cortex of the same species, this suggests
that BLA neurons have some unique intrinsic characteristics.
Conclusions
BLA neurons in bats showed selective and long-lasting postsynaptic responses to vocal stimuli. Intrinsic
properties of BLA neurons appear different from the properties of neurons in the central auditory pathway.
This research was supported by grant R01 DC000937 from the National Institute on Deafness and Other
Communication Disorders of the U.S. Public Health Service.
SU82. Improvement in Otoacoustic Emissions and Speech-In-Noise Performance Among Patients
With Schizophrenia Treated With AUT00206
Other, Auditory Therapeutics
Victoria Sanchez*1, Anil Sajjala2, Alice Sharman2, Oliver Howes3, Stephen Kaar3, Frans van den Berg4,
Giuseppe Alvaro2, John Hutchison2, Charles Large2
1
University of South Florida, 2Autifony Therapeutics Ltd, 3King's College London, 4HMR
Background
Evidence suggests that patients with psychotic illness show deficits in primary auditory function, including
real-world difficulties, such as understanding speech in a background of noise. Auditory deficits likely impact
social and cognitive function and contribute to or exacerbate other symptom domains. Early treatment of
sensory deficits could reduce or prevent psychotic episodes. Kv3.1 potassium channels are critical for the
function of neurons in auditory circuits. Positive modulation of Kv3 channels can rescue deficits in auditory
temporal processing in rodents. AUT00206 is a novel Kv3.1 modulator that reduced the impact of ketamine
on BOLD responses in healthy volunteers. Here, we investigated the ability of AUT00206 to improve auditory
function in patients with schizophrenia.
Methods
In a randomised, double-blind, placebo-controlled study, 24 subjects with schizophrenia (within 5 years of
diagnosis) were enrolled and randomised 2:1 to receive AUT00206 (2000 mg on Day 1 and 800 mg BID
thereafter) or placebo for 28 days. Clinical and exploratory biomarker assessments were completed by all
subjects. Optional audiological assessments were completed by 11 subjects on AUT00206 and 4 on placebo.
At Baseline, Day 1, Day 5 and Day 21, subjects completed a comprehensive audiology test battery including
pure-tone and speech audiometry, Transient-evoked Otoacoustic Emissions (OAEs) with and without contralateral suppression, a masking-level difference (MLD) paradigm, Dichotic Digits, and the Words-in-Noise test
(WIN) presented binaurally via headphone at 70-dB and 40-dB HL.
Results
All patients had clinically normal hearing thresholds and performance on the MLD paradigm, Dichotic Digits,
and WIN test presented at 70-dB HL was at ceiling. The WIN performance at 40dB HL (a more challenging
listening scenario), showed a significant difference between AUT00206 (-2.6dB improvement) and placebo
(+0.8dB worsening) (p = 0.016). 70% (7/10) of the AUT00206 subjects showed an improvement in WIN
performance by D21, with only 25% (1/4) showing an improvement on placebo. A consistent increase in
OAEs and contralateral suppression was observed in the AUT00206 group that reach statistical significance
at several frequencies.
Conclusions
Although this study did not set out to determine whether patients with schizophrenia have a central auditory
processing deficit, the improvements in OAEs and WIN performance in the AUT00206 treated group at Day
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21 is highly clinically relevant. Treatment of sensory deficits represents a novel, but long overdue approach
to managing and improving the quality of life of patients with schizophrenia. Although not considered a core
symptom of schizophrenia, central auditory deficits may be associated with underlying pathology and thus
targeting Kv3 channels may have a broader efficacy across symptom domains.
SU83. Distortion Product Otoacoustic Emission Profiling of the Rhesus and Japanese Macaque
Breeding Colonies at the Oregon National Primate Research Center
Otoacoustic Emissions
Beth Kempton*1, Edward Porsov1, John Brigande2
1
Oregon Health & Science University, 2Oregon Hearing Research Center
Background
We seek to establish nonhuman primate models of genetic hearing loss for validation of therapeutic strategies
aimed at rescue of inner ear sensory function. The Oregon National Primate Research Center (ONPRC)
maintains breeding colonies of rhesus and Japanese macaques whose inner ear development, anatomy, and
physiology closely models that of humans. We previously reported our initial efforts to implement a distortion
product otoacoustic emissions (DPOAE) profiling strategy to detect hearing loss candidates in the rhesus
macaque colony. We provide an update on our expanded rhesus hearing screen and introduce initial test data
on the Japanese macaque colony.
Methods
Nonhuman primates at the ONPRC receive individual semiannual health checks in a carefully scripted
“assembly line” of medical care. Our testing strategy must be compatible with light anesthesia, high
background noise, and a test duration of 2-3 minutes maximum. We established a hearing station to conduct
otoscopy and DPOAE input/output (I/O) testing with the Madsen Capella2 system designed for human
audiological use. DPOAE I/O testing was conducted at f2 of 10 kHz from 45 to 65 dB SPL in 5 dB SPL steps.
About half of the time, we have the opportunity to conduct DPgram testing at additional f2 of 3, 4, 6, and 8
kHz with the stimulus intensity at 65 dB SPL.
Results
940 rhesus macaques and 200 Japanese macaques were tested. The two species presented striking similar
DPOAE amplitudes at 10 kHz with marginally elevated responses from Japanese macaques at each stimulus
intensity tested. In contrast, Japanese macaques presented lower DPOAE amplitudes at 3, 4, and 6 kHz.
Importantly, no significant gender differences were observed. Critically, 95% of rhesus and 94% of Japanese
macaques exhibited DPs of >5 dB SPL across frequencies with a signal to noise of >6 dB SPL at the highest
intensity tested. Imposing a noise floor cutoff of 5 dB SPL forced rejection of 11% of the rhesus and 12% of
the Japanese macaque populations. These data underscore the technical challenges associated with recording
DPOAEs from the narrow macaque ear canals in the noisy health check environment.
Conclusions
We have established normative DPOAE data sets for rhesus and Japanese macaques using a commercially
available human audiological test system. The consonance of the DPOAE responses between two nonhuman
primate species suggests that the data provide reliable insights into hearing sensitivity. The high pass rate for
DPOAE responses validates resiliency of hearing within the outdoor housed colonies of macaques at the
ONPRC. We conclude that our DPOAE testing strategy will be an effective screening tool to detect hearing
impaired nonhuman primates in the semiannual health check environment. In addition, this DPOAE screening
paradigm may be useful in assembling uniform cohorts for behavioral studies dependent upon auditory cues.
SU84. Reduced DPOAE Level at Narrow Stimulus Frequency Ratios is Partly Due to Spatial
Interference
Otoacoustic Emissions
Jonathan Siegel*1
1
Northwestern University
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Background
The level of distortion product otoacoustic emissions (DPOAEs) evoked by tone pairs (f1 and f2) is
consistently found to drop as the ratio of stimulus tone frequencies (f2/f1) is decreased below about 1.2:1.
Although there has been speculation and some modeling of this phenomenon (i.e., Sisto, et al., JARO 19: 511522, 2018), there is little experimental evidence that addresses it directly.
Methods
These experiments were conducted in both chinchillas and humans, following institutional guidelines for
protection of research subjects. Tone pairs were fixed in level and frequency separation, while a suppressor
tone was varied in frequency above f2 to probe the generation region extending basal to the f2 place. A second
fixed suppressor tone near the frequency 2f1-f2 was presented to suppress secondary generation near the place
of the DPOAE. An estimate of the contribution to the DPOAE vs place was obtained by differentiating the
DPOAE suppression pattern with respect to the frequency of the varied suppressor tone.
Results
The phase of the derived spatial contributions to the DPOAE was typically less than 90 degrees when f2/f1
was fixed at 1.2:1 or greater, but phase shifts with distance approaching 180 degrees or more were measured
for f2/f1 of 1.1:1 or lower. The phase showed increasing delay in the base to apex direction, but considerably
less that for stimulus frequency otoacoustic emissions measured in the same subjects. This result was clearly
present in both chinchillas and humans.
Conclusions
While nonlinear suppression also likely plays a role in reducing DPOAE levels for narrow f2/f1, these results
strongly implicate that destructive phase interference is also important. These findings are thus consistent with
the modelling effort of Sisto et al (2018).
SU85. Twin Study of Neonatal Transient-Evoked Otoacoustic Emissions
Otoacoustic Emissions
Marlin Johansson*1, Åke Olofsson2, Erik Berninger1
1
Karolinska Institutet, 2Karolinska University Hospital
Background
Thousands of transient-evoked otoacoustic emission (TEOAEs) are recorded each day as part of universal
newborn hearing-screening (UNHS). Furthermore, TEOAEs have been used in research for more than 40
years. Nevertheless, there are still gaps in TEOAE knowledge, e.g., why the between-subject variability in
neonatal TEOAEs is large, and why TEOAEs are generally larger in right ears and females (compared to left
ears and males). Heritability as a factor to explain the large between-subject variability has been studied in
young adult twins (McFadden et al, 1996), but not in neonatal twins. The aim was to describe ear and sex
effects and estimate TEOAE heritability in neonatal twins.
Methods
The entire TEOAE levels of a consecutive subset of all twins that passed UNHS at the same occasion at two
hospitals during a six-year period were studied (454 twins out of >30000 screened neonates).
Within-twin pair TEOAE level correlations were compared for same-sex twin pairs (302 twins in 151 twin
pairs) and opposite-sex twin pairs (152 twins in 76 twin pairs). A mathematical model was used to estimate
and compare monozygotic and dizygotic within-twin pair TEOAE level correlations, based on the data from
the same-sex and opposite-sex twin sets.
Results Twin TEOAE levels were significantly stronger in right ears (F(1, 904)=17.1, p<0.0001) and females
(F(1, 904)=17.5, p<0.0001), with similar ear and sex effects (1-2 dB) as in neonatal non-twins. Based on
Cohen’s effect sizes the ear and sex effects were small (0.2-0.4), and similar to the 0.2 ear effect in young
adult twins, but smaller than the sex effect of 0.8 in young adult twins. Moreover, neonatal females in oppositesex twin pairs did not demonstrate masculinized TEOAEs, in difference to young adult females in oppositesex twin pairs (McFadden et al, 1996).
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The within-twin pair TEOAE level correlations were higher for same-sex twin pairs than opposite-sex twin
pairs, whereas the within-pair correlation coefficients could not be distinguished from zero when twins were
randomly paired. Additionally, the estimated monozygotic within-twin pair TEOAE correlations were higher
than those for dizygotic twin pairs. The TEOAE level heritability estimates reach up to 100%.
Conclusions
In a large consecutive sample of neonatal twins, born over a 6-year period, we demonstrate that individual
differences in TEOAE levels are largely inherited. Neonatal twins show similar TEOAE ear and sex effects
as neonatal non-twins but may have smaller sex effects compared to young adult twins, perhaps due to
maturation or androgens.
The TEOAE heritability estimates indicate that up to 100% of the TEOAE level may be inherited. Thus, the
TEOAE heritability based on neonatal TEOAEs may be larger than the previous estimates of about 75%
percent based on young adult twin’s TEOAEs.
(Manuscript submitted to Hearing Research 2020)
SU86. Evidence for Neuroplasticity in EEG Responses to Speech-In-Noise Within the First Year After
Cochlear Implant Activation
Plasticity, Learning, & Adaptation to Hearing Impairment
Phillip Gander*1, Joel Berger1, Subong Kim2, Adam Schwalje1, Jihwan Woo3, Young-min Na3, Ann Holmes4,
Jean Hong1, Camille Dunn1, Marlan Hansen1, Bruce Gantz1, Bob McMurray5, Timothy Griffiths6, Inyong
Choi5
1
University of Iowa Hospitals and Clinics, 2Purdue University, 3University of Ulsan, 4University of Louisville,
5
University of Iowa, 6Biosciences Institute, Newcastle University
Background
Cochlear implants (CI) are the most successful neural prosthetic technology and provide dramatic
improvement in hearing function for many people. After device activation there is a large amount of variability
in the timing of changes in hearing, with the most dramatic occurring within the first year. Using a SIN task
we have found electroencephalography (EEG) correlates of performance in normal hearing (NH) and CI
populations; the cortical N1 and P2 responses to the background noise and target word differentiate NH
good/poor task performers and relate to clinical outcome scores in CI users. We hypothesized that these same
brain responses would show changes in the first year after CI activation that relate to task performance and
clinical outcomes.
Methods
In order to track neuroplastic changes during the first year of usage and to capture adaptation processes with
the CI device we recorded EEG while participants performed a SiN task using materials from the California
Consonant Test (CCT) at multiple time points after implant activation: 3, 6, and 12 months. The task stimulus
consisted of a 2-seconds-long multitalker background babble with the CVC word that starts 1 second after
noise onset; a 4-AFC task was given on each trial at two different signal to noise ratios (+13 or +7 dB).
Results
Initial findings from event-related potentials (ERPs) measured at the vertex (Cz) electrode showed changes
between the 3 and 6 month time point (N=21), expressed as a decrease in the amplitude of the ERP to the
background noise at trial onset and the shortened latency and maintained amplitude of the ERP in response to
the word. Such dynamics in the ERPs to the noise and word are consistent with our previously found
differences in NH listeners; better performers exhibit smaller amplitude of the ERPs to the background noise.
Task performance over these two time points did not change, however clinical measures of word and sentence
identification were slightly improved.
Conclusions
Ongoing data collection is aimed at tracking potential further changes and relating those to performance on
clinical measures. However, the results so far indicate that we are able to capture markers of neuroplasticity
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in a group of CI users in a relatively short time period when real-world improvement in CI usage is known to
occur.
SU87. Central Compensation of Cochlear Synaptopathy is not Dependent on Age, but on LTP/BDNF
Recruitment
Plasticity, Learning, & Adaptation to Hearing Impairment
Daria Savitska*1, Philine Marchetta1, Angelika Kübler1, Giulia Asola1, Marie Manthey1, Dorit Möhrle1,
Thomas Schimmang2, Lukas Rüttiger1, Marlies Knipper1, Wibke Singer1
1
University Hospital Tübingen, 2Instituto de Biologíay Genética Molecular, Universidad de Valladolid y
Consejo Superior de Investigaciones Científicas
Background
Age-related loss of synaptic contacts between inner hair cells and auditory-nerve fibers (cochlear
synaptopathy) has been linked to temporal processing deficits and impaired speech-in-noise recognition. In
individual cases age-dependent temporal discrimination loss may be attenuated due to central compensation
mechanism (neural gain). We hypothesize that cochlear synaptopathy, central neural gain and the ability for
fast auditory temporal processing are connected to changes in hippocampal long-term potentiation (LTP) and
brain-derived neurotrophic factor (BDNF) expression independent of the age.
Methods
Here, we investigated middle-aged and old BDNF-live-exon-visualization (BLEV) reporter mice and analyzed
auditory brainstem responses, auditory steady state responses and hippocampal field excitatory postsynaptic
potentials.
Results
In both, middle-aged and old groups, animals with lower or higher ability to centrally compensate reduced
auditory nerve activity were found. The low compensators exhibited attenuated responses to amplitudemodulated tones and a reduction of hippocampal LTP and Bdnf transcript levels in comparison to high
compensators.
Conclusions
These results suggest that not the age itself but rather the diminished capacity for central compensation and
LTP/BDNF recruitment play a key role in age-related loss of central auditory function caused by cochlear
synaptopathy.
SU88. Neurobiological Underpinnings of Noise Induced Hearing Loss on Altered Social and Cognitive
Behavior: Evaluation of Cortical Thickness and Neurogenesis
Plasticity, Learning, & Adaptation to Hearing Impairment
Joelle Jagersma*1, Jocelien Olivier2, Sonja Pyott3
1
University of Groningen, University Medical Center Groningen, Groningen Institute for Evolutionary Life
Sciences, 2Groningen Institute for Evolutionary Life Sciences, University of Groningen, 3University of
Groningen, University Medical Center Groningen
Background
Extensive research has shown that children with hearing loss show intellectual and social interaction
disabilities. However, the underlying neurobiological mechanisms are largely unknown. To identify possible
mechanisms, a rat model of noise-induced, mild hearing loss was developed and behaviorally phenotyped for
cognitive and social functioning. To link the behavioral output to potentially underlying neurobiological
changes, brain regions involved in cognitive and social functioning were histologically investigated.
Methods
Four-week old Wistar rats were exposed to white noise at 120 dB SPL for 2 hours. To quantify hearing loss,
auditory brainstem response (ABR) measurements were assessed before and after noise exposure. Social
behavior was assessed when rats were 5 weeks old using a social play test, and again when they were 10 weeks
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old using a social interaction test. Frequencies and duration of non-social interactions, pouncing, pinning,
follow/chase, boxing and other social behaviors were analyzed. Cognitive performance was tested when rats
were 8 weeks old using the novel object recognition (NOR) task. Thickness of several cortical regions
involved in cognitive and social behaviors, including the (medial) prefrontal, auditory and perirhinal cortex,
were analyzed using cresyl violet staining. Neurogenesis in the hippocampus was analyzed using markers for
DCX and Ki67.
Results
Elevated auditory thresholds (approximately 15 dB) were found at 16 and 32 kHz 2 weeks after noise
exposure. During the NOR assessment, control animals spent more time at the novel object (as expected). In
contrast, noised animals distributed their exploration time equally over both the novel and familiar objects,
suggesting reduced cognitive function compared to control animals. Moreover, fewer non-social interactions
were observed during social play behavior in noised compared to control animals, although the total time spent
on non-social interactions did not differ between both groups. Social interactions, however, were not
significantly different between control and noised animals at either juvenile or adult ages. Neurobiological
assessments are still under investigation.
Conclusions
Noise exposure resulting in mild hearing loss in young rats induced cognitive impairment and specifically
reduced memory formation. Social behavior appeared less affected by hearing loss. Additional analyses of
social interaction will be used to determine if other aspects of social play and interaction are affected by mild
hearing loss in this model. Cortical thickness and neurogenesis analyses will identify neurobiological factors
contributing to altered cognitive function.
SU89. Perception and Learning of Fast-Rate Speech in Cochlear Implant Users: Preliminary Findings
Plasticity, Learning, & Adaptation to Hearing Impairment
Ranin Khayr*1, Riyad Khnifes1, Talma Shpak2, Karen Banai3
1
University of Haifa and Bnai-Zion Medical Center 2Bnai-Zion Medical Center, 3University of Haifa
Background
Despite the enormous contribution of cochlear implant (CI) technologies to speech perception in hearing
impaired individuals, CI users still struggle to understand rapid conversational speech in daily life. The goal
of this ongoing study is to investigate rapid perceptual learning of speech in CI users and whether, similar to
other populations, this rapid learning accounts for individual differences in the recognition of rapid
conversational speech.
Methods
13 cochlear implant users (age range 35-73, M = 57) from the cochlear implant program in Bnai Zion medical
center participated so far. Natural-fast speech perception was assessed with 15 sentences at a speech rate of
181 words/minutes. Rapid perceptual learning was assessed with 40 sentences of time-compressed speech.
For each participant, compression ratio was determined individually using an adaptive protocol. Compressed
speech rates ranged from 128 to 200 words/min. Learning was defined as rate of improvement over sentences
at the final level of compression.
Results
We report three main findings. First, as expected CI users found it especially hard to perceive natural-fast
speech (proportion correct: Median = 0.238; IQR = 0.174-0.402), but their recognition of time-compressed
speech was not as impaired (Median over first 15 sentences = 0.407; IQR = 0.313-0.458). Second, learning,
quantified as improvement over the course of 40 sentences was present in 8 of the participants. Third, the
recognition of natural-fast speech was associated with the initial recognition of time compressed speech (r =
0.52) as well as with the slope of the rapid learning curve on this task (r = 0.56). Small sample size precluded
further analysis at this time.
Conclusions
CI users can experience rapid perceptual learning, suggesting that this learning is either maintained or restored
with the use of the implant. Qualitatively, rapid learning in the present CI participants was similar to that of
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older adults with age-related hearing loss (Rotman, Lavie & Banai, 2020). Furthermore, the pattern of
association between rapid perceptual learning on one task (TCS) and the perception of natural-fast speech was
also similar across CI users, young adults with normal hearing and older adults with age-related hearing loss.
Across populations, faster learning rates were predictive of better speech perception. If this pattern holds with
a larger sample, it could suggest that the ability to rapidly adjust to on-going acoustical challenges is one of
the factors associated with good CI outcomes.
SU90. Intensity Difference Detection in a Chinchilla Animal Model
Psychoacoustics
Andie Zang*1, Monica Trevino1, Celia Escabi1, Edward Lobarinas1
1
University of Texas at Dallas
Background
Complex auditory stimuli, such as speech, has rapid temporal and intensity fluctuations. Cochlear hearing loss
has been shown to have effects on some temporal tasks, but not others. Likewise, intensity tasks may have
varied outcomes depending on level of hearing loss and presentation levels. In previous experiments we
evaluated, gap detection, temporal summation, and pure tone thresholds in quiet and noise in a chinchilla
animal model. Our behavioral data suggests that the chinchilla animal model results are relatively comparable
to humans. Here, we used a behavioral operant intensity difference detection (IDD) task to evaluate sensitivity
to intensity changes. Our hypothesis was that chinchillas would perform at similar levels as humans, and that
this model could be used to study the effects of selective cochlear pathology on intensity discrimination.
Methods
10 adult chinchillas were used for this study. An operant psychophysical test method was developed using a
custom MATLAB software and TDT hardware. Thresholds and intensity discrimination differences were
assessed using a stair step procedure. Baseline pure tone thresholds were evaluated with tone burst stimuli
presented at 1, 2, 4, 8, and 12 kHz. Distortion Product Otoacoustic Emission (DPOAE) were assessed to ensure
normal cochlear non-linearity and OHC status.
Intensity discrimination was evaluated using a narrow band noise centered at 1, 2, 4, 8, and 12 kHz at a low
(30 dB SPL) and high (70 dB SPL) continuous reference tone level. The low-level continuous tone was 30dB
SPL with an initial intensity increase of 20 dB SPL (50 dB SPL). The high-level continuous tone was 70 dB
SPL with an initial intensity increase of 10 dB SPL (80dB SPL). The dB SPL level was decreased in 1 dB
steps after each correct response and increased by 2 dB SPL after each incorrect response. The IDD was
determined by the lowest intensity change that produced correct responses 66% of the time.
Results
We hypothesized that IDD would be smaller at the 70-dB continuous reference tone level, given that the dB
SPL scale is logarithmic and that the perceived difference in 1 dB SPL at higher intensities is greater than the
perceived difference at lower intensities.
Conclusions
Preliminary data supports the hypothesis that the IDD resemble that of humans and that the model could be
used to study the effects of cochlear pathology on IDD.
Research reported in this abstract was supported by the NIDCD of the National Institute of Health under award
number R01DC014088

SU91. Sustained Beat Perception Develops Through Adolescence, and is Predictive of Phonology
Psychoacoustics
Karli Nave*1, Christian Hunter1, Joel Snyder1, Erin Hannon1
1
University of Nevada, Las Vegas
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Background
Rhythm and beat perception are critical for synchronized musical movement (e.g., walking, dancing) and may
also influence some aspects of speech perception. Previous studies show that adults and children can entrain
their movements to a perceived musical beat. However, few studies have attempted to disentangle the surface
information from the internal beat percept, and to our knowledge, no studies have done so with young listeners.
Methods
In this experiment, we presented listeners age 4-23 years with a rich musical excerpt that induced one of two
beat patterns, followed by a prolonged ambiguous phase during which they heard a rhythm that could match
either of the two beat patterns. In a final probe phase, listeners indicated whether a drummer did or did not
match the beat of the music. Since previous studies have suggested that rhythmic abilities, such as beat
perception, are related to phonological awareness, we also administered the Comprehensive Test of
Phonological Processing (CTOPP) to participants.
Results
Younger children (age 4-7 years) were not able to distinguish matching and mismatching drum patterns above
chance. Older children (age 8-17 years) and adults accurately identified matching and mismatching drum
patterns. Crucially, performance did not reach adult-like levels until about 13 years, suggesting that the ability
to sustain a beat continues to develop through early adolescence. A hierarchical regression indicated that
performance on the beat perception task was a significant predictor of phonological skills, above and beyond
age and music/dance training.
Conclusions
Overall, these results suggest older (but not younger) children are capable of self-sustained and long-lasting
beat perception, which is related to phonological language ability. However, self-sustained beat skills do not
become adult-like until adolescence, suggesting that beat perception may have a more gradual developmental
trajectory than has been previously assumed. In future work, we aim to use our paradigm to investigate
whether steady-state evoked potentials (SSEPs; reflective of periodic neural activity at a particular frequency)
reflect subjective beat perception in children.
SU92. Internal Noise for AM and FM detection: Effects of Age and Sensorineural Hearing Loss
Psychoacoustics
Sarah Attia*1, Christian Lorenzi2, Léo Varnet2, Villejoubert Louis2, Bougeard Camille2
1
Ecole Normale Superieure- DEC, 2Ecole Normale Supérieure- DEC
Background
Auditory perception of amplitude modulation (AM) and frequency modulation (FM) has been studied in depth
over the last decades. Still, questions remain as to the effects of ageing and cochlear damage on AM and FM
processing. Recent modelling work (Wallaert et al., 2018) suggested that both ageing and sensorineural
hearing loss might be associated with an increase in internal noise (i.e., sources of variability such as the
stochastic nature of neuronal firing, the internal state of the listener, or fluctuations in attention) for modulation
detection tasks.
The purpose of this research was to test further this hypothesis by i) measuring double-pass consistency in
young (NHy) normal-hearing, older (NHo) normal-hearing and older hearing-impaired (HIo) listeners for
detection of AM and FM, and ii) comparing the empirical data to the predictions of a computational model of
temporal-envelope processing based on a bank of cochlear filters followed by amplitude compression,
adaptation, a bank of modulation filters, a single source of additive internal noise, and a template-matching
decision device.
Methods
The psychophysical measures were performed using a 2-interval, 2-alternative forced choice detection task
and a constant-stimuli paradigm. Sinusoidal AM and FM was applied to a low-frequency (500 Hz) sine carrier.
A bandpass modulation noise with a fixed standard deviation was applied to all stimuli. The AM or FM targets
were presented at a sensitivity (d') of 0.5,1 or 1.5, estimated for each listener using an adaptive task in a
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preliminary experiment. All stimuli used during the first session (the first "pass") were stored and presented
again in a different order during a second session (the second "pass").
Results
Percent correct (PC) for the two passes and percent agreement (PA) between responses to corresponding trials
in the first and second pass were calculated for each condition.
Conclusions
The empirical PC and PA data will be presented for each group of listeners and discussed in light of predictions
of our computational model of auditory processing for various degrees of frequency selectivity and amplitude
compression, and various levels of internal noise.
SU93. Fundamental Frequency Discrimination in Mixtures of High-Frequency Complex Tones: Data
and Ideal-Observer Model Predictions
Psychoacoustics
Daniel Guest*1, Andrew Oxenham1
1
University of Minnesota
Background
Recent work has demonstrated accurate pitch perception for harmonic complex tones with F0s in the musical
range (~ 1.4 kHz) but with all of their spectrally resolved components well above the putative limits of phase
locking in the auditory nerve (> 8 kHz). These results are consistent with a rate-place code for pitch at high
frequencies. However, it is unclear whether such a code remains robust for more complex stimuli, such as
mixtures of complex tones. Moreover, quantitative characterization of the rate-place information available in
the auditory nerve for F0 discrimination at high frequencies is limited.
Methods
To address these issues, we measured pitch perception in a range of tasks (F0 discrimination, melody
discrimination, and triad discrimination) for mixtures of complex tones with low F0s (around 280 Hz) and
high F0s (around 1400 Hz). The stimuli were composed of a target complex tone and one or more masker
complex tones that were bandpass filtered to ensure that only harmonics beyond the putative limits of phase
locking were audible in high-frequency stimuli.
Results
We found that listeners retained accurate F0 discrimination at both low and high frequencies in isolation and
sometimes in the presence of single complex tone maskers. In more difficult scenarios with two complex tone
maskers, listeners could no longer accurately discriminate F0 at high frequencies. We then used an ideal
observer model to quantify the information available at the auditory nerve to estimate the target F0 in our
various stimuli. The auditory-nerve responses used in the model were simulated using three different auditory
periphery models. Results from all the three models were consistent in suggesting that rate-place information
was sufficient to perform high-frequency F0 discrimination.
Conclusions
However, the analysis also revealed that sufficient rate-place information should have been available in some
cases where listeners were nevertheless unable to accurately complete the tasks, suggesting that some observed
deficits at high frequencies may have been due to informational masking or unknown non-peripheral neural
factors that differentially affect high frequencies.

SU94. Identifying Three Forms of Hidden Hearing Loss in Humans
Psychoacoustics
Mark Parker*1
1
Tufts University School of Medicine
Background
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Hearing-in-noise (HIN) is a primary complaint of both the hearing impaired and the hearing aid user. Both
auditory nerve (AN) function and outer hair cell (OHC) function are thought to contribute to HIN, but their
relative contributions are still being elucidated. OHCs play a critical role in HIN by fine tuning the response
of the basilar membrane. Further, animal studies suggest that cochlear synaptopathy may be another cause of
HIN difficulty. While there is evidence that cochlear synaptopathy occurs in animal models, there is debate as
to whether cochlear synaptopathy is clinically significant in humans, which may be due to disparate methods
of measuring noise exposure in humans and our high variability in susceptibility to noise damage. Rather than
use self-reported noise exposure to define synaptopathic groups, this paper assumes that the general population
exhibits a range of noise exposures and resulting otopathologies and defines cochlear synaptopathy
“operationally” as low CAP amplitude accompanied by normal DPOAE levels in persons with low pure tone
averages. The first question is whether the standard audiogram detects AN dysfunction and OHC dysfunction?
The second question is whether HIN performance is primarily dependent on AN function, OHC function, or
both functions?
Methods
Adult subjects have been recruited to participate in an ongoing study and variables such as age, self-reported
gender, pure tone audiometry (0.25-20 kHz), subjective perception of HIN difficulty, Quick Speech-in Noise
(QuickSIN) test, 45% time compressed word recognition (WR) in 10% reverberation and WR in the presence
of ipsilateral speech-weighted noise have been collected. These variables were correlated with OHC function
measured by distortion-product otoacoustic emission (DPOAE) signal to-noise-ratio (SNR), and AN function
measured by compound action potential (CAP) peak amplitude and ratio to summating potential measured
using electrocochleography.
Results
Operational Synaptopathy may be present in as many as 30% of individuals with normal hearing. Persons
hearing within normal limits (WNL) may exhibit HIN difficulties, and persons hearing WNL may exhibit two
distinct types of otopathologies undetected by the standard audiogram (a.k.a. hidden hearing loss) namely
operational cochlear synaptopathy and OHC dysfunction. AN untuning secondary to OHC dysfunction is a
third otopathology that occurs in subjects with a Mild-Moderate sensorineural hearing loss (SNHL). Finally,
the data show that operational cochlear synaptopathy does not correlate with HIN dysfunction. Rather, HIN
performance is primarily governed by OHC function, while AN untuning also plays a lesser but statistically
significant role.
Conclusions
The results of this study suggest the following: 1) persons hearing WNL may exhibit HIN difficulties; 2)
persons hearing WNLs may exhibit AN dysfunction and OHC dysfunction; 3) AN untuning secondary to
OHC dysfunction occurs in subjects with Mild-Moderate SNHL; 4) HIN performance is primarily governed
by OHC function rather than AN function.
SU95. A Temporal Lag in the Perception of Brief Auditory but Not Visual Probes in Relation to
Longer Auditory and Visual Stimuli
Psychoacoustics
Ruijing Ning*1, Clementina Canessa Mazzoni1, Beverly A. Wright1
1
Northwestern University
Background
When a clearly audible probe tone is presented before, during or after a longer noise, the tone is perceived to
have occurred later in relation to the noise than it actually did. This robust auditory ‘probe-lag effect’ suggests
that the probe tone and background noise are processed separately and sequentially, thereby demonstrating
the challenge in attending to multiple simultaneous events. The purpose of this project was to determine
whether the probe-lag effect is a variant of a well-known effect in the visual system, the visual flash-lag effect.
The flash-lag effect occurs when a stationary flash presented in physical alignment with a moving stimulus is
perceived as lagging behind the moving stimulus. The probe-lag effect is similar to the flash-lag effect in that
in both phenomena a brief stimulus is perceived to ‘lag behind’ a longer stimulus.
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Methods
If the probe-lag effect is a variant of the flash-lag effect, the probe-lag effect should occur for visual stimuli.
To evaluate this prediction, we tested young adults (n=13) on the probe-lag task under four conditions that
each involved one of two 50-ms probes (auditory or visual) and one of two 1000-ms backgrounds (auditory
or visual). In all conditions, the probe was presented before, during or after the background, and participants
were asked to judge the temporal position of the probe in relation to the background. The auditory probe was
a 1-kHz pure tone and the visual probe a red filled circle. The auditory background was a 0.6k-1.4kHz
bandpass-filtered noise and the visual background a white filled circle. The visual stimuli were presented on
a gray screen.
Results
Contrary to the prediction, the probe-lag effect occurred when the probe was auditory, for both auditory and
visual backgrounds, but did not occur when the probe was visual regardless of the background type. The
magnitude of the lag ranged from ~30 to ~120 ms for auditory probes in both auditory and visual backgrounds.
Conclusions
These results suggest that the probe-lag and flash-lag effects are distinct phenomena. The critical difference
between them appears to be that the background is moving in the flash-lag effect, but is stationary in the probelag effect, because the flash-lag effect has been documented with auditory stimuli using moving backgrounds.
One possible explanation for the probe-lag effect is that it takes time to process the probe and then switch
attention from the probe to the background, and that the probe is perceived to have occurred in the background
after the switch, even when the background changed in the interim. If so, the results also imply that it takes
more time to switch attention away from auditory than visual stimuli.
SU96. Perceptual Characteristics of Bone-Conducted Ultrasound Presented to the Neck, Trunk, and
Arms – Estimations of Word Intelligibility, Monosyllable Articulation, and Phonetic-Feature
Transmission Characteristics
Psychoacoustics
Koichiro Doi*1, Sho Otsuka2, Seiji Nakagawa2
1
Chiba University, 2Center for Frontier Medical Engineering, Chiba University
Background
High-frequency sound above 20 kHz presented via bone-conduction (bone-conducted ultrasound: BCU) can
be heard clearly. Moreover, BCU can transmit speech information using amplitude-modulation (AM).
In the typical bone-conduction, a vibrator is pressed onto osseous sites of the head, such as the mastoid process
of the temporal bone. On the other hand, BCU can be perceived even when the vibrator is presented to the
body parts distant from the head, like the neck, arm, and trunk. Therefore, this “distantly-presented BCU” can
be applied to a novel interface that can transmit sound information selectively to the specific persons who
touch the device.
On the other hand, when BCU is presented to distal body parts, the propagation process in the human body
become longer and more complicated than when BCU is presented onto the head. Therefore, the sound quality
and speech intelligibility may be deteriorated.
In this study, to elucidate the speech transmission characteristics by distantly presented BCUs, word
intelligibility and monosyllable articulation tests were carried out in Japanese. Additionally, to investigate
transmission characteristics of articulatory features, the sequential information transfer analyses (SINFA)
were conducted.
Methods
First, word intelligibility and monosyllable articulation tests were carried out in normal-hearing Japanese. 30kHz ultrasounds amplitude-modulated by speech signals were presented onto the mastoid, neck and clavicle
by using a vibrator. For comparison, the words and monosyllables were also presented as the air-conducted
(AC) sound by a headphone. The subjects were required to write down what they heard after each word and
monosyllable was presented.
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Second, SINFA was conducted separately for the vowels and consonants by using the results of the
monosyllable articulation test. The transmission rates of each phonetic feature were calculated for each
stimulus placement.
Results
The words and monosyllables were recognized to a certain extent even when the BCUs were presented onto
the neck and clavicle. Particularly, the neck showed higher percent correct rather than the mastoid.
In the results of SINFA, the phonetic features of the vowels were transmitted better than that of the consonants.
Additionally, “openess” of the vowels, “nasality” and “contracted sound (you-on)” of the consonants were
well-transferred when the stimuli were presented onto the neck.
It is not easy to conclude the reason; however, the transmission of these phonetic features may depend on the
frequency characteristics or length of the transmission path. Further, demodulation components generated in
the transmission path may affect the results.
Conclusions
To elucidate the speech transmission characteristics by the distantly presented BCU, the speech intelligibility
and transfer of phonetic features were evaluated. The results suggested that practical speech transmission
comparable to the ordinary BCUs, presented onto the head, can be obtained by the distantly presented BCU.
SU97. Leveraging Single Cell Genomics With Tissue Culture to Identify and Screen Targets for
Vestibular Regeneration
Regeneration
Noah Druckenbrod*1, Jonathan Sellon1, Kathy S. So1, Joseph C. Burns1, Soumya Negi1, Monika Kowalczyk1,
Gabi Pregernig1, Ryan McCarthy1
1
Decibel Therapeutics
Background
The adult vestibular sensory organs of the inner ear, essential for balance and spatial orientation, contain
mechanoreceptive hair cells. These cells are classified into Type I or Type II based on their distinct
morphology and electrophysiology. Despite clear differences, there is limited understanding into how these
cell types are specified during development.
Methods
We performed a systematic characterization of transcriptional changes leading to the specification of each
type of hair cell in mouse utricles using single cell RNA-seq, with a focus on identifying targets required for
Type I formation. Mouse vestibular organs were collected at 18 developmental time-points between E11.5
and adult. With ~10,000 cells collected at each stage we find excellent representation of both hair cells and
supporting cells. We isolated hair cells from the dataset and inferred the order in which they differentiate using
trajectory analysis. We applied topic modeling and gene regulatory analyses as orthogonal approaches to add
confidence in our selection of regulatory targets. We developed an embryonic explant assay to test the effect
of select targets on Type I formation.
Results
These analyses showed clear specification into Type I hair cells during embryonic ages and identified
temporally expressed genes and molecular pathways that are potential drivers of Type 1 specification. Under
control conditions, our explant assay recapitulates the in vivo timing and pattern of hair cell development as
hair cells survive and the number of Spp1+ cells expands antero-laterally from E14 to E16. Using this assay,
we demonstrate pharmacologic modulation of top target candidate identified from scRNA-Seq analysis can
either prevent Type I hair cell development or generate supernumerary Type I hair cells.
Conclusions
This data demonstrates ex vivo validation of a bioinformatically selected target predicted to regulate Type I
hair cell specification.
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SU98. Single Cell Analysis of the Adult Human Inner Ear in Vestibular Schwannoma Patients and
Organ Donors
Regeneration
Tian Wang1, Angela Ling2, Sara Billings1, Davood Hosseini1, Grace Kim1, Zahra Sayyid1, Mirko
Scheibinger1, Ksenia Aaron1, Yona Vaisbuch1, Peter Santa Maria1, Nikolas Blevins1, Robert Jackler1, Ivan
Lopez3, Taha Jan*2, Alan Cheng1
1
Stanford University, 2UCSF, 3David Geffen School of Medicine at UCLA

Background
The molecular underpinning of the human inner ear sensory organs has long been difficult to study given the
paucity of cells and inability to surgically access the tissues without causing significant deficits. Recently,
several studies have examined the transcriptomes and histology of the human fetal inner ear organs, but these
are likely different from those of the adult human inner ear.
Methods
To gain insights into the adult human inner ear, we recovered utricular tissues from vestibular schwannoma
patients undergoing translabyrinthine surgery and from organ donor subjects. Single cell RNA sequencing of
purified utricular sensory epithelia cells was performed followed by computational clustering and trajectory
analyses. Results were validated with immunohistochemistry and in situ hybridization.
Results
We have demonstrated classical and novel markers of vestibular hair cell and supporting cell subtypes. Known
markers such as Myosin7a and Sox2 share similar expression patterns with the adult mouse utricle. Moreover,
computational trajectory analysis reveals hair cell precursors with transcriptomes distinct from hair cells and
supporting cells in both vestibular schwannoma and organ donor utricles. Finally, new markers were validated
using immunohistochemistry and/or in situ hybridization on harvested tissues, thereby revealing differences
in hair cell degeneration and regeneration between utricles from vestibular schwannoma patients and organ
donors.
Conclusions
These data reveal transcriptomes of sensory and non-sensory cell types, and those of innate hair cell precursors
within the human utricular sensory epithelium and should inform future studies on human inner ear sensory
cell regeneration.
SU99. A Small Molecule A2CE Facilitates Atoh1-Mediated Conversion of Cochlear Supporting Cells
to Hair Cells in Adult Transgenic Mice
Regeneration
Rene Vielman Quevedo*1, Vikrant Rai1, Joseph Frank1, Jian Zuo1
1
Creighton University
Background
Adult mammals are unable to regenerate cochlear hair cells following damage, which makes deafness
permanent in humans. According to the WHO, over 466 million people worldwide suffer from hearing loss.
Thus, it is pertinent that regenerative therapies be investigated. Atoh1 overexpression is capable of converting
supporting cells (SCs) into hair cells (HCs); however, it is age-dependent and insufficient for regeneration of
cochlear hair cells in adult mammals (Liu et al, 2012; Cox et al, 2014). Previously, we characterized a cell
cycle-independent, non-canonical role for p27Kip1 in mammalian HC regeneration. We found that conditional
knockout of p27Kip1 facilitates Atoh1-mediated conversion of non-sensory SCs to immature HCs in adult
cochleae (Walters et al, 2017). Alsterpaullone 2-cyanoethyl (A2CE) is a p27Kip1 transcriptional inhibitor that
has been previously shown to reduce p27Kip1 mRNA levels when delivered transtympanically in adult mice
(Walters et al, 2014).
pg. 118

The Association for Research in Otolaryngology (ARO)
The 44th Annual MidWinter Meeting
Sunday, February 21, 2021, U.S. Eastern Time Zone

Methods
Adult (7-15-week-old) Fgfr3-iCreER; Atoh1HA; p27cKO mice were induced with tamoxifen. One day after
induction they were treated with 0µM (DMSO vehicle only), 5µM or 10µM A2CE via transtympanic injection
in the left ears; the right ears served as contralateral uninjected controls. Mice were euthanized 3 weeks after
injection, and cochleae were harvested, decalcified, and dissected. Samples were immunostained for HA,
Myosin VI and DAPI, and scanned using a confocal microscope. Images were then analyzed to look for HA
and Myosin VI double positive cell counts as a marker for converted HCs.
Results
In vivo treatment of heterozygous p27Kip1 cKO adult mice with transtympanic A2CE injection exhibits a
similar Atoh1-mediated SC to HC conversion rate compared to homozygous p27Kip1 cKO adult mice, and
significantly better conversion than untreated controls.
Conclusions
Here we demonstrate that small molecules can be successfully delivered transtympanically to induce sensory
hair cell regeneration in adult transgenic mice.
SU100. Functional Properties of Regenerated Synapses Between Inner Hair Cells and Auditory Nerve
Fibers
Regeneration
Philippe Vincent*1, Hanae Lahlou2, Judith Kempfle2, Albert Edge2, Elisabeth Glowatzki1
1
Johns Hopkins School of Medicine, 2Harvard Medical School
Background
Noise-induced and age-related hearing loss in the cochlea are closely related to the loss of ribbon synapses
between inner hair cells (IHCs) and type-1 spiral ganglion neurons (SGNs). Extensive work is underway to
promote ribbon synapse regeneration by using different in vivo and in vitro models (Corrales et al., 2006;
Tong et al., 2013; Brugeaud et al., 2014; Lopez-Juarez et al., 2019). Several of these studies have demonstrated
that ribbon synapses can be regenerated in vitro (Tong et al., 2013; Brugeaud et al., 2014). However, this
conclusion was based on the co-localization of pre- and postsynaptic markers without testing if these newly
formed synapses could support synaptic transmission and display functional properties of “true” IHC/type-1
afferent synapses. Therefore, we directly assessed the functionality of regenerated ribbon synapses in vitro,
by combining optogenetic and patch clamp techniques.
Methods
At postnatal days 3-5, organs of Corti expressing channelrhodopsin-2 (ChR2) in auditory hair cells were
denervated and cultured (Tong et al., 2013) with SGNs isolated from separate animals expressing a fluorescent
marker (GFP or TdTomato) in neurons. After 10 to 12 days in culture, coverslips were tested for new ribbon
synapses and characterized by recording postsynaptic events from SGN somata while optogenetically
stimulating hair cells.
Results
Control recordings from hair cells show that light pulses depolarized IHCs and triggered exocytosis. SGN
recordings exhibited small inward currents in response to IHC stimulation with an average amplitude of 40
pA and an average decay time below 1 ms. These inward currents were blocked by NBQX, a glutamateAMPA receptor blocker suggesting that they were excitatory postsynaptic currents (EPSCs) evoked by
glutamate release from hair cells. In addition, EPSCs displayed different shapes and time courses that could
reflect different developmental stages of synapse maturation.
Conclusions
These results suggest that functional ribbon synapses between hair cells and SGNs can be regenerated in vitro.
However, these synapses still display immature features. Therefore, additional work is required to promote
proper maturation of de novo synapses so that they can correctly encode the incoming sound signals. With
this new functional assessment of regenerated synapses, targeted testing of candidate compounds that have
the potential for improving synaptic regeneration and for facilitating proper synapse function can be
performed.
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This work was supported by NIDCD R01 DC006476 to EG, NIDCD R01 DC007174 to AE, and by a Hearing
Health Foundation grant to PV.
SU101. No Evidence of Tinnitus as Assessed by Gap Detection Tasks in Carboplatin-Treated
Chinchillas
Tinnitus
Celia Escabi*1, Monica Trevino1, Andie Zang1, Karen Pawlowski1, Edward Lobarinas1
1
University of Texas at Dallas
Background
More than 10% of the world’s population experiences some form of tinnitus, or the perception of auditory
stimulus in the absence of an external sound source. In adults, tinnitus is often comorbid with hearing loss,
including noise-induced hearing loss and age-related hearing loss. In animals, the presence of tinnitus has been
inferred behaviorally via a number of models. Changes in gap detection thresholds, characterized by a
continuous stimulus interspersed with periods of quiet has been used as an index of tinnitus across multiple
species. In these experiments, animals with tinnitus show poorer performance in gap detection tasks when the
carrier noise matches the frequency of the tinnitus as the sound of tinnitus partially fills the gap. Though
consensus on the neural generators of tinnitus remains unresolved, it has been suggested that tinnitus may
occur as a result of inner hair cell (IHC) dysfunction. To investigate this further, we assessed frequencyspecific gap detection thresholds in chinchillas before and after carboplatin, a treatment that reliably and
selectively destroys IHCs in this species.
Methods
Young adult chinchillas (2-4 years-of-age), housed in enriched environments and allowed to free-feed, were
used for this study. Distortion product otoacoustic emissions (DPOAEs) were assessed in order to detect
possible OHC disfunction. Animals were trained to respond to gaps in continuous octave band noise (OBN)
using an established shock avoidance conditioning. Carrier OBN was centered around multiple frequencies
(1, 2, 4, 8, and 12 kHz; bandwidth = 10 Hz) and presented at three different intensity levels (80, 60, and 40
dB SPL). Gap detection thresholds were assessed across frequencies as a function of the duration of the gap
(ms). After baseline assessments, animals were administered 75 mg/kg of carboplatin (i.p., by body weight),
a dose that reliably produces 50-80% selective IHC loss. DPOAEs and gap detection thresholds were reassessed following a three-week recovery period. We hypothesized that tinnitus would result in increased
frequency specific threshold elevations at 40- and 60-dB SPL carrier levels but not at 80 dB SPL.
Results
Carboplatin produced significant IHC loss (75-85% loss) with nearly complete preservation of OHC (0-5%
loss). Gap detection thresholds remained unchanged in the highest condition (80 dB SPL), but increased
significantly in the mid (60 dB SPL) and low (40 dB SPL) conditions. The results at 80 dB SPL were expected
as even if animals experienced tinnitus, it was likely that the tinnitus would be below 80 dB SPL and the
animals would readily detect a change in the stimulus. At the 40- and 60-dB SPL levels we found deficits
across all frequencies, suggesting a generalized gap detection deficit.
Conclusions
Without frequency specific deficits, it appears that IHC loss alone may be insufficient to generate the
perception of tinnitus.
SU102. Inducing Tinnitus in Guinea Pigs Through Long-Term Potentiation of Fusiform Cells in the
Dorsal Cochlear Nucleus
Tinnitus
Michael Selesko*1, Calvin Wu1, Adam Hockley1, Susan Shore1
1
University of Michigan
Background
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The principal output neurons of the dorsal cochlear nucleus, fusiform cells, integrate somatosensory input on
their apical dendrites and auditory input on their basal dendrites. The synapses at the apical dendrites exhibit
stimulus-timing-dependent plasticity (STDP), which can be elicited through paired somatosensory-sound
stimulation. Long-term potentiation (LTP) or long-term depression (LTD) of the synapses is produced
depending on the order and timing of the paired stimuli (Koehler and Shore, J Neurosci 2013). Fusiform cells
in noise-exposed guinea pigs with behavioral evidence of tinnitus show increases in spontaneous firing rate
and synchrony. Using a paired somatosensory-sound stimulus to induce LTD in guinea pigs with tinnitus
leads to a reduction the behavioral and physiological signs of tinnitus (Marks et al., Sci Transl Med 2018).
The aim of the present study was to test whether inducing LTP in unexposed guinea pigs would induce tinnitus.
Methods
Normal-hearing guinea pigs were divided into four treatment groups: LTP-inducing bimodal stimulation,
unimodal somatosensory stimulation (which also induces LTP), unimodal auditory stimulation, or a sham
group, in which no treatment was delivered. For the somatosensory stimulation, transcutaneous electrodes on
the surface of the neck were used to stimulate the dorsal column pathway. Calibrated earphones were used
for the sound stimulation in the left ear. Treatments were applied with animals under sedation for 40 min/day,
5 days a week for 4 weeks. Sham animals were sedated but did not received either stimulus. Following
treatments, animals were anesthetized and single-unit recordings from fusiform cells were performed.
Results
Guinea pigs that received the LTP-inducing bimodal and somatosensory stimulation, which is also expected
to induce LTP, showed behavioral evidence of tinnitus. Fusiform cells from animals that developed tinnitus
showed BF-restricted increases in spontaneous firing rates and cross-unit synchrony.
Conclusions
These results show that tinnitus can be induced through LTP induction of DCN fusiform cells, even in the
absence of noise exposure, in normal hearing animals.
SU103. Genome-Wide Association Study of Tinnitus in the UK Biobank Population
Tinnitus
Madeleine Urbanek*1, Jian Zuo1
1
Creighton University School of Medicine
Background
Tinnitus, a highly prevalent yet distressing condition marked by the perception of phantom sounds within the
ear, affects more than 10% of the world’s population. Additionally, approximately 5% of the tinnitus-afflicted
population reports severe, debilitating levels of tinnitus, which often has significant tolls on cognitive function,
concentration, and general life enjoyment. Currently, the general mechanisms underlying tinnitus have yet to
be fully understood, and as a consequence, no effective treatments or therapeutics have been described.
Recently, focus has shifted to investigating any genetic factors that may contribute to the development of
tinnitus. Understanding the genetic predisposition underpinning tinnitus may prove useful; however, studies
investigating this underlying genetic foundation have not been fruitful.
Methods
We used a genome-wide association study (GWAS) within the UK Biobank population of over 500,000
participants. This diverse cohort included over 200,000 individuals who participated in a tinnitus survey, with
3,461 participants reporting both chronic (lasting at least 3 months) and bothersome tinnitus. Due to the array
of health and lifestyle data amassed in the database, we were able to divide our cohort by sex, then create a
set of control conditions to narrow down our cohort to those individuals with low sustained noise exposure
and no reported health conditions causing secondary tinnitus. We then used the 50,000-exome sequencing
release to compare the exomic sequences of those remaining individuals reporting chronic tinnitus and two
sets of control populations. The original control cohort included anyone never reporting tinnitus, while the
second control cohort was more selective, only including individuals who never reported tinnitus with at least
one follow-up survey. Both sexes were included, resulting in analysis of four cohorts. Single nucleotide
polymorphisms (SNPs) reaching a suggestive threshold of p<1x10-5 were mapped to their corresponding gene
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using NCBI’s dbSNP tool, and alterations to amino acid sequences were noted. Additionally, expression of
these proteins was mapped to the medulla using the Human protein Atlas to confirm their expression in the
dorsal cochlear nucleus.
Results
The results of our GWAS revealed 13 suggestive single nucleotide polymorphisms (SNPs) and 12
corresponding genes. These genes include JAG2, PARVG, TLL2 (first male cohort), SLC24A4, PLXNC1,
EFHB (second male cohort), WDPCP, SYN1, SEC63, EHBP1, SPANXN3 (first female cohort), and WDPCP,
BAIAP2L2 (second female cohort). Particularly of note, WDPCP, which has been previously implicated in
Bardet-Biedl Syndrome, was identified in both female cohorts.
Conclusions
Our GWAS analysis identified several suggestively correlated SNPs. Those SNPs/genes which appear to be
clinically relevant in various neurological conditions and expressed in dorsal cochlear nuclei will be further
investigated in a mouse model to determine whether their malfunction may induce tinnitus.
Supported by the Clare Boothe Luce Scholarship and LB692. Acknowledgement to Dr. Richard Tyler (Univ.
Iowa) for his advice.
SU104. The BK Channel Opener CS0022 Mitigates Chronic Tinnitus Following Acoustic Trauma
Tinnitus
Luisa Scott*1, Collin Park2, Timothy Fawcett2, Kristie Labib2, Malak Ibrahim2, Aarti Patel2, Manisha Antony2,
Joseph Walton2
1
Cognosetta, Inc., 2University of South Florida
Background
Subjective tinnitus is an audiological and neurological condition that gives rise to a phantom perception of
sound. The condition disproportionately impacts individuals with risky occupational or avocational noise
exposure. Patients and animal models of tinnitus exhibit altered central auditory system (CAS) neural activity
that is presumed to support the tinnitus percept. Broadly, these changes can be characterized by a dysregulation
in the balance of excitation and inhibition that leads to neuronal hyperexcitability and synchrony. The large
conductance calcium-activated potassium (BK) channel regulates neural excitability in the CAS and other
brain regions. Our recent work suggests that systemic administration of a class of BK channel openers reduces
salicylate-induced tinnitus in mice through action in the CAS. The main objective of the current study is to
determine whether a similar low-exposure treatment also reduces behavioral and neural manifestations of
tinnitus in a chronic tinnitus model induced by noise exposure.
Methods
Auditory brainstem response (ABR) thresholds and acoustic startle behavior were assessed in young adult
CBA mice before and after acoustic trauma. For acoustic trauma, awake mice were placed in a small, sound
transparent cage, and then exposed for 1 hour via free field to a 113 dB SPL, 1 kHz wide band noise centered
at 16 kHz. Ten weeks after damaging noise exposure, mice began systemic treatment with a BK channel
opener, CS0022. Gap-prepulse inhibition of the acoustic startle reflex (GPIAS) tracked the development of
tinnitus and subsequent effects of treatment. A novel machine learning algorithm and computational analysis
method was used to determine which mice displayed tinnitus from the GPIAS protocol.
Results
The acoustic trauma procedure caused limited permanent ABR threshold shifts, ranging from none to
moderate (~50 dB) in the high frequencies above 16 kHz. Mice were selected for preliminary analysis if they
exhibited minimal permanent hearing loss (< 10 dB) and GPIAS evidence of tinnitus at 16 or 32 kHz after
acoustic trauma. Six out of the six selected mice showed less suppressed pre-pulse inhibition for the selected
tinnitus frequencies following systemic treatment with a BK channel opener. In contrast, treatment did not
influence acoustic startle amplitude functions. Pharmacokinetics studies confirmed low exposure in brain. As
expected, improved startle selection via machine learning-enhanced computational analysis increased the
power and accuracy for identifying tinnitus and treatment effects.
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Conclusions
Ongoing neurophysiological and alternate behavioral measures continue to probe treatment outcomes in this
model of acoustic trauma-induced chronic tinnitus. Thus far, preliminary outcomes support the idea that
treatment with BK channel openers such as the one used in the current study may reduce evidence of tinnitus.
There is currently no effective cure for chronic tinnitus, increasing the urgency for studies exploring the utility
of promising drug candidates.
SU105. Classification of Divergent Tinnitus Development in Individual Animals After Acute Noise
Exposure
Tinnitus
Calvin Wu*1, Susan Shore1
1
University of Michigan
Background
A neural code for tinnitus is first observed in the dorsal cochlear nucleus (DCN), as increased spike synchrony
and bursting of the principal neurons. Because noise-exposure does not always result in the phantom sensation
of tinnitus, behavioral tests are required to differentiate animals that develop chronic tinnitus from their
tinnitus-resilient littermates over the course of several weeks. In acute tinnitus, which occurs immediately
after noise-exposure, behavioral confirmation is not possible due to the requirement of multiple testing days.
Methods
To overcome this limitation, we used a data-driven approach to identify an animal’s tinnitus status based on
features of DCN spontaneous activity from animals with tinnitus established a priori by gap-prepulseinhibition of the acoustic startle (Wu et al., J Neurosci 2016). A supervised machine-learning algorithm was
trained using 1608 single-unit DCN principal neurons from 29 guinea pigs. We applied the classifier to naive
data from guinea-pig unit recordings immediately after exposure and over a 12 hours period. At 85%
classification accuracy for single units, we were able to identify tinnitus status in individual animals using
data from 20 DCN principal neurons.
Results
While acute noise-exposure (97 dB SPL for 2 hours) induced variable effects on DCN spontaneous activity,
for individual animals, the neural population statistics revealed that 75% of guinea pigs developed a stable
tinnitus phenotype within 1 hour after the cessation of noise exposure.
Conclusions
These results demonstrate that distinctive DCN neural activity can be utilized to identify animal’s tinnitus
status in the absence behavioral testing. This approach will allow us to pinpoint the precise time course of
tinnitus development, monitor its transmission to higher auditory regions, and devise strategies for early
intervention.
SU106. Pulsed Infrared Stimulation Activates Met Channel on Mouse Peripheral Vestibular System
Vestibular: Basic Research & Clinical
Weitao Jiang*1, Fangyi Chen1
1
Southern University of Science and Technology
Background
As a spatial selective stimulation selective method, Infrared Neuron Stimulation (INS) has been widely used
in inner ear study. However, the mechanism of infrared radiation (IR) stimulation is still not clear. To study
the mechanism of IR stimulation, we used pulsed infrared laser to stimulate vestibular system of CDH23-/,TMHS-/- and WT mice then recorded both the evoked potential and eye movement.
Methods
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C57B/J, CDH23-/- and TMHS-/- mice (4-8 weeks, n=6 each) were used in the study. After anesthetization,
the right bulla of the animal was exposed and opened approximately 1.5 × 2 mm with a motorized drill.
Infrared pulses(@1870nm,100μs, 20-260μJ/pulse and repetition rate of 20Hz for evoked potential recording,
200Hz with 0.2-5 Hz frequency modulation for eye movement recording ) were delivered to the vestibular
system using a optical fiber with core diameters of 200 μm. In evoked potential recording, a sliver wire was
placed at round window for electrical responses recording. Two electrodes were placed at the contralateral
facial nerve and body of the animals as reference and ground. In eye movement tracking, a camera was placed
in front of the ipsilateral side to record the evoked eye movement.After stimulation, the tip of the fiber was
fixed inside the bulla using dental acrylic and fixed 24h in 4% PFA. Then the bulla was imaged by Micro-CT
imaging to show the site of stimulation.
Results
When comparing to WT mice, the evoked potential and eye movement recorded from CDH23-/- and TMHS/- exhibited significant difference. In evoked potential recording, the amplitude of the responses collected from
CDH23-/- and TMHS-/- mice showed drastic decrease when compared with WT mice. The threshold radiant
energy of IR evoked electrical responses increased in those groups also. In eye movement recording, the
amplitude of eye movement recording showed drastic decrease in CDH23-/- and TMHS-/- groups. In WT
group, IR could evoke strong eye movement from 0.2-5 Hz. However, in TMHS-/- mice, IR could evoke weak
eye movement from 0.2-0.8 Hz. In CDH23-/- group, IR could only evoke eye movement at very low
frequency(0.2Hz). Furthermore, changes of eye movement trajectory were also observed in CDH23-/- and
TMHS-/- group.
Conclusions We show that interaction between IR and MET channel is a major contributor to IT stimulation
of vestibular system. The change of eye movement trajectory in CDH23-/- and TMHS-/- mice implies that IR
stimulation is a complex precess with the anticipation of hair cell and different types of afferents.
SU107. Investigating Subcortical Atrophy Rates in Impaired Vs. Unimpaired Vestibular Function
Vestibular: Basic Research & Clinical
Mary Caroline Yuk*1, Dominic Padova1, Yuri Agrawal1, Tilak Ratnanather1
1
Johns Hopkins University
Background
The vestibular system consists of the peripheral vestibular organs in the inner ear and associated extensive
central nervous system projections. It relays information that maintains accurate spatial awareness, and this
integration of sensorimotor and cognitive signals involves several routes involving the hippocampus, basal
ganglia, thalamus, and the entorhinal cortex. Previous research demonstrated that hippocampal atrophy is
correlated with impairments on spatial cognitive tasks. Other studies report that vestibular loss is associated
with declines in visuospatial cognitive function in older adults, as well as reduced hippocampal volumes.
These prompt further investigation into exactly the anatomical connections between age-related vestibular
dysfunction and its pathway in contributing to spatial cognitive function. In this study, we aim to answer
whether the hippocampus, thalamus, basal ganglia, and the entorhinal cortex of those with an impaired
vestibular system atrophy faster than those with an unimpaired vestibular system by using generalized linear
mixed effects modeling.
Methods
The data for this study was a subset from the Baltimore Longitudinal Study of Aging (BLSA) involving 75
participants ≥ 60 years old. Participants underwent both MRI brain scans and vestibular testing in the same
visit, and each participant had at least 2 visits. T1-weighted volumetric MRI scans were acquired in the sagittal
plane using a 3T Philips Achieva scanner at the National Institute on Aging Clinical Research Unit. Images
were reconstructed and segmented ROI labels and volumes were generated using the MUlti-atlas region
Segmentation utilizing Ensembles (MUSE) method. Vestibular function was evaluated using the cervical
Vestibular Evoked Myogenic Potential (cVEMP), which is a measure of saccular function. Participants were
deemed impaired if baseline cVEMP measurements <= 5th percentile of sample responses or if he or she had
at least one absent cVEMP response at baseline.
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Results
We found that participants with vestibular impairment (N = 37) had significantly higher hippocampal atrophy
rates relative to participants without vestibular impairment (N = 38; Bonferroni adjusted p = 0.00876), in
models adjusted for age, sex and intracranial volume. Specifically, the group without vestibular impairment
experienced a hippocampal volume decrease of 0.00472 cm3 each year (0.471% atrophy rate per year), while
the impaired group experienced an additional 0.00348 cm3 decrease per year (0.817% atrophy rate per year).
We did not observe significant groupwise differences in atrophy rates for the thalamus, basal ganglia, and the
entorhinal cortex.
Conclusions
The key finding is that the hippocampus experiences a higher atrophy rate in those with an impaired saccular
function compared to those with intact vestibular function.
SU108. Identifying the Gene Responsible for the Raumschiff Auditory and Vestibular Phenotypes in
Zebrafish
Vestibular: Basic Research & Clinical
Anna Shipman*1, Matthew Hill2, Eliot Smith1, Timothy Erickson3, Teresa Nicolson1
1
Stanford School of Medicine2Oregon Health & Science University, 3East Carolina University
Background
The 2014 NHIS Survey reports that 19% of adults between the ages of 40 and 69, and 43.2% of adults age 70
and older had trouble hearing without a hearing aid. In addition to this, the 2001-2004 NHANES survey, 35%
of adults in the US age 40 and older showed signs of vestibular dysfunction. As the aging population in the
US continues to grow, it is vital to deepen our understanding of auditory and vestibular disorders and identify
new therapies to treat them. The zebrafish is an excellent model organism to study auditory and vestibular
functions due to the high genetic homology between zebrafish and humans, the transparency of larvae, and
the ability to quantify auditory and vestibular function.
Methods
Through the use of an ENU mutagenesis screen, we generated raumschiff mutants, which display deafness
and balance phenotypes. To identify the causative mutation of raumschiff, we used Whole Genome
Sequencing to identify candidate genes, and then generated zebrafish lines carrying mutations in these
candidate genes using CRISPR/Cas9. A mutation in Vps4a (Vacuolar protein sorting-associated protein 4A)
was identified as the causative mutation through complementation crosses with raumschiff mutant zebrafish.
Results
Vps4a is a AAA-ATPase with roles in microvesicle release, multivesicular body formation, viral release,
cytokinesis and neurite severing. Abnormal microvesicle secretion has been implicated in neuronal
degeneration in humans, and our preliminary evidence suggests that deafness and vestibular disease may be
caused by defects in vesicle secretion in the brain.
Conclusions
Our future work will focus on the hypothesis that cell-to-cell signaling is defective in the brains of Vps4a
mutants, and how it may account for the behavioral phenotypes and gene misregulation seen in the CNS.
SU109. Determining the Role of GATA3 in All Vestibular Hair Cells Compared to a Sub-Population
of Vestibular Hair Cells
Vestibular: Basic Research & Clinical
Sydney Sheltz-Kempf*1, Jeremy Duncan1
1
Western Michigan University
Background
Vestibular hair cells (VHCs) are mechanosensory receptors in the inner ear that allow animals to coordinate
movements and orient their position in space by detecting velocity, gravity & body position, and angular
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acceleration. Around 69 million Americans experience episodic vestibular dysfunction at least once, while 8
million Americans suffer from chronic vestibular disorders. Some vestibular disorders are caused by the loss
of VHCs. In mammals, VHCs die with age and do not regenerate.
Methods
We utilized both Gata3 conditional and over-expresser mouse lines in order to demonstrate the loss-offunction and gain-of-function of Gata3 within the entire population of VHC in comparison to a sub-population
of Fgf8-positive VHCs in the utricle at several prenatal and postnatal time points.
Results
We performed immunohistochemistry to characterize the histology and orientation of the VHCs. Additionally,
we analyzed the total VHC number and the size of the sensory cells within different utricular zones.
Furthermore, by performing in situ hybridization and qPCR, we were able to better define the genetic
expression of these cells and determine the effect that Gata3 has on gene expression changes within these
cells. Using immunohistochemistry and in situ hybridization, we also determined if over-expression of Gata3
could force a cochlear-like phenotype within the VHCs.
Conclusions
We show here the unique function of Gata3 in vestibular hair cells and compare it to our previous data on the
role of Gata3 cochlear hair cells at the same time points.
SU110. Treatment of Mal De Debarquement Syndrome (MdDS) by Habituation of the Velocity
Storage Integrator
Vestibular: Basic Research & Clinical
Sergei Yakushin*1, Catherine Cho2
1
Icahn School of Medicine at Mount Sinai, 2NYU Robert I. Grossman School of Medicine
Background
The purpose of this study is to compare the efficacy of habituation in MdDS to the readaptation treatment
developed by Dai et al., 2014. We hypothesize that oscillatory signals stored in the velocity storage path of
the vestibulo-ocular reflex (VOR) cause the oscillatory vertigo in MdDS patients (Dai et al., 2017). If that
hypothesis is correct, then minimizing the velocity storage contribution to the VOR by reducing the time
constant (Tc, habituation) should also reduce symptoms of MdDS.
Methods
Seven recruited female patients (age 45±19 yo, ranging 21-74) with motion-triggered MdDS (MT-MdDS) and
pre-treatment symptoms score of 6±2 (ranging 2.5-8.5) have been randomly assigned to 2 treatment groups.
Four patients were treated by habituation (Group 1) and 3 by readaptation (Group 2). An effective outcome
was defined as at least a 50% improvement in an 11-point Likert scale (0-no symptoms, 10 worst symptoms).
Quantitative outcomes were changes in the Tc of velocity storage and static posturography. The average Tc
for healthy people of comparable age to the study group is 15.5 s (Dai et al., 2011).
Results
The average Tc of MdDS patients was 19±3 s. Readaptation treatment did not significantly affect the Tc
(20±4, p=0.06), while habituation decreased the Tc to 14±3s (p=0.002). Readaptation treatment was effective
in 2 of 3 patients (67%) and habituation treatment was effective in 3 of 4 (75%) patients. All 3 patients
effectively treated with habituation had sustained improvement at 2-week and 1-month follow-ups.
Conclusions
Thus, the data suggest that habituation is a potentially effective new treatment for MdDS that may complement
or replace readaptation treatment.
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Monday, February 22, 2021
10:00 a.m. - 12:00 p.m.
Symposium 13
SYMP 13. Emerging Capabilities for Evaluating Human Hearing
Chair: Dennis Barbour
Washington University in St. Louis
Co-Chair: Jan-Willem Wasmann
Radboud University Nijmegen Medical Centre
Co-Chair: David Moore
Cincinnati Children's Hospital
SYMP 13.1 Self-Validating Audiometric Tests for Precision Hearing Assessment
Dennis Barbour
Washington University in St. Louis
A limitation of science and medicine as currently practiced is how data are apportioned toward desired ends.
Improper inference compounds with limited data to result in irreproducibility of scientific trends and
suboptimal treatment decisions for patients. Increases in data can alleviate only a portion of this limitation.
Recent advances in modern audiologic assessments have shown that more informative inference tools can be
constructed without the concomitant data explosion that would typically accompany such advances. These
modern machine learning tools, with successful application toward translational questions of hearing, can
serve as templates for parallel advances throughout science and medicine.
SYMP 13.2 Linking Hearing and Other Data in Large Populations
David Moore
Cincinnati Children's Hospital
Big datasets relevant to human hearing include specifically curated research resources, such as Human Brain
and Connectome Projects, and myriad clinical, device-based and online resources compiled for other reasons.
Increasingly, hearing research can interrogate these resources without expensive or impractical experimental
data collection. The resources are particularly useful for examining associations, including causal connections,
between hearing and demographics, biology or disease. Combined with online evaluations and, increasingly,
longitudinal designs, the power and convenience of these resources have barely been tapped. I will focus on
utilization of UK Biobank to explore links between speech perception, cognition, cortical connectivity and
genetics.
SYMP 13.3 Why We Shouldn't Be Afraid of Online Psychoacoustics
Josh McDermott
MIT
Following shut-down of in-person human-subject experiments due to COVID-19, interest in online
experimentation increased substantially, but with understandable concerns about stimulus presentation and
data quality. Our lab has been using online psychoacoustic experiments extensively since 2014. This talk will
summarize what we have learned. I will present example results obtained this way, tips for success, and pitfalls
to avoid. The main overall message: online experiments can yield large quantities of data that are of
comparable quality to what you would get in-lab for many tasks, provided you take some basic steps to
promote reasonable sound quality and participant compliance.
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SYMP 13.4 Mobile Technologies for Remote Diagnosis of Hearing Loss
De Wet Swanepoel
University of Pretoria
More than 90% of adults with hearing loss could be served using low- or no-touch models of audiological care
enabled by mobile technologies. Recent work on binaural digits-in-noise consumer tests demonstrates
potential to accurately detect and estimate hearing loss severity and escalate referrals for potential medical
risk. Air conduction pure tone and digits-in-noise thresholds can differentiate conductive and sensorineural
losses with sensitivity and specificity more than 94%. Advances in self-test options combined with AI
otoscopy, support comprehensive low- and no-touch services for the provision of hearing care with ongoing
telehealth support.
SYMP 13.5 Hearing Assessments Freed From Time and Location Constraints
Jan-Willem Wasmann
Radboud University Nijmegen Medical Centre
At-home testing options to monitor the hearing abilities of cochlear implant (CI) recipients will reshape CI
aftercare. The COVID-19 pandemic has turned “nice-to-have” features (e.g., an at-home evaluation app for
CI) into a “must-have” due to heightened barriers to visiting a clinic. At-home test capability allows clinicians
to monitor listening performance in daily lives at the places that matter most to our patients. Uncontrolled
factors including circadian rhythms, attention, motivation, and listening fatigue might lead to false alarms in
a clinic. However, when interpreted correctly, those data can give our patient advice more ecological validity.
SYMP 13.6 Building Infrastructure for Machine Learning and Big Data in Hearing Science
Gabrielle (Elle) O'Brien
Iterative
As emphasis grows for large-scale data collection, remote audiological services and machine learning
applications to translational and basic science research, researchers will face new technological complexities.
For example, data-driven approaches frequently require cloud computing and storage, as well as software
approaches such as web and mobile development. Furthermore, many existing datasets may be underutilized
because they are difficult to organize, maintain, and share. This talk will survey critical technologies for
enabling machine learning and big data research and propose practical methods for building the infrastructure
of labs and research organizations to support emerging practices in hearing assessment.

10:00 a.m. - 12:00 p.m.
Symposium 14
SYMP 14. Memorial Linthicum Temporal Bone Histopathology Symposium: Influences on Hearing
Loss Research Past, Present and Future
Chair: Michael Hoa
Auditory Development and Restoration Program, National Institute on Deafness and Other Communication
Disorders, National Institutes of Health
Co-Chair: Ivan Lopez
David Geffen School of Medicine at UCLA
Co-Chair: Felipe Santos
Mass Eye and Ear
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SYMP 14.1 Fred Linthicum: Dedicated Physician, Teacher, Researcher, & Friend
John House
House Ear Clinic
Fred Linthicum was born and raised in Southern California attending Pomona College and Medical school at
the USC. After serving two years in the US Army Medical Corp, he did his residency at Johns Hopkins from
1949 to 1952. It was during his residency that he developed his life-long passion for temporal bone
histopathology studying with Stacy Guild PhD and in Zurich with Prof. Lucius Ruedi. Fred joined the Otologic
Medical Group (House Ear Clinic), practicing otology and continuing his work in temporal bone
histopathology. He has published more than 200 peer-reviewed papers and mentored countless young
otologists in histopathology.
SYMP 14.2 Histopathology of the Human Inner Ear Following Cochlear Implantation
Joseph Nadol
Massachusetts Eye & Ear Infirmary
Preservation of residual hearing in the ear following cochlear implantation is an achievable goal in some cases.
The study of temporal bones from patients who in life had undergone cochlear implantation has revealed
changes consistent with implantation trauma in addition to evidence of a cellular mediated immune response
to the presence of the implant. Examples of the role of human otopathology in clarifying the changes induced
in the cochlea after implantation, including the contributions of Dr. Fred Linthicum, will be discussed.
SYMP 14.3 Otosclerosis: From Classic Studies to Current Questions
Alicia Quesnel
Massachusetts Eye and Ear Infirmary, Harvard Medical School
Otosclerosis is a disorder of abnormal bony remodeling of the otic capsule, which is primarily associated with
conductive hearing loss due to stapes fixation but can also result in a mixed (or rarely purely sensorineural)
hearing loss. The mechanism of the sensorineural component of hearing loss remains incompletely defined
today, but human temporal bone studies offer possible mechanisms. Comparative radiologic and
histopathologic studies help define the utility of computed tomography for clinical use to both diagnose and
assess disease severity. The work of Dr. Fred Linthicum in human temporal bone studies in otosclerosis will
be highlighted.
SYMP 14.4 Intracochlear Changes Following Cochlear Implantation
Akira Ishiyama
UCLA
We conducted a study of the human temporal bones from patients who had received cochlear implantation
and demonstrated that the round window insertion of electrode is preferred over cochleostomy to minimize
the secondary intracochlear fibrosis and osteoneogenesis from the site of endosteal damage, which can lead
to endolymphatic hydrops, possibly causing a delayed loss of residual hearing. We also analyzed the patterns
of intracochlear injury due to primary cochlear implant electrode insertion and the long-term effect on the
cochlea by the implant electrode. Cellular changes observed in the inner ear following cochlear implantation
will be discussed in detail.
SYMP 14.5 Invasiveness of NF2-Related Vestibular Schwannomas
Joni Doherty
Keck Medicine of USC
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To demonstrate the differences in biological behavior of sporadic vestibular schwannomas (VS) from NF2related VS, which are known to have a higher recurrence rate and worse hearing outcomes when resected.
Retrospective analyses comparing clinical data and imaging with histopathological analyses of tumor interface
with adjacent nerves and internal auditory canal (IAC) bone were performed. We show that NF2-related VS
engulf neural elements and invade IAC bone while sporadic VS push the nerve peripherally and are not
invasive. Invasion of IAC bone and CNVII may result in clinical outcomes associated with NF2-related VS:
higher recurrence and worse hearing outcomes when resected.
SYMP 14.6 Cytomegalovirus Related Pathology in Congenital and Acquired Cases
Sebahattin Cureoglu
University of Minnesota
Sensorineural hearing loss is one of the most common complications associated with cytomegalovirus (CMV)
in infants congenitally infected with CMV. Temporal bone slides from patients with congenital and acquired
CMV infection were analyzed. Although congenital CMV infection in newborns caused remarkable
histopathological changes in the cochlea, vestibule, and middle ear; no prominent ear pathology was found in
adults with acquired CMV infection. No evidence of cytomegalic cells or hair cells loss was found in the
cochlea or vestibular membranous labyrinth in acquired CMV infection.
SYMP 14.7 Cellular and Molecular Biological Techniques to Study the Human Inner Ear at UCLA
Ivan Lopez
David Geffen School of Medicine
Temporal bone science has increasingly benefited from the development of new protocols for
immunohistochemistry, immunofluorescence, in situ hybridization and imaging techniques all available for
basic and clinical inner ear researchers. A remarkable advance is the use IF of celloidin embedded sections
for double and triple labeling. Several antigens have been immunolocalized in this valuable material. Our
laboratory has around 1800 temporal bones all catalogued and clinical and histologic findings into a database
that allows extraction of specific data for further study. Celloidin sections and methods for staining are
available at UCLA Temporal bone lab for basic and clinical research.
SYMP 14.8 The Causes of Presbycusis: New Approaches to an Old Question
Charles Liberman
Mass. Eye and Ear
Fred Linthicum spent decades studying human temporal bone histopathology. His wide-ranging portfolio
includes a case study of presbycusis in 2006, describing loss of auditory nerve peripheral axons in the absence
of hair cell loss, the same year we published our animal work on noise-induced primary neural degeneration,
a.k.a. hidden hearing loss. This talk will summarize recent work in our laboratory extracting audiometric and
quantitative histopathological metrics from more than 120 temporal bone cases, in an age-graded normal
series, to rigorously evaluate the relative contributions of hair cell, strial and neural degeneration to age-related
hearing loss.

10:00 a.m. - 12:00 p.m.
Symposium 15
SYMP 15. Non-Sensory Influences on Auditory Learning and Plasticity
Chair: Melissa Caras
University of Maryland
Chair: Beverly Wright
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Northwestern University
SYMP 15.1 Contribution of Top-Down Processes to Auditory Perceptual Learning
Melissa Caras
University of Maryland
Performance on many auditory tasks improves with practice, providing an avenue to enhance skill acquisition
and facilitate perceptual rehabilitation. Increasing evidence suggests that such learning is gated by the
activation of top-down cortical networks. For example, perceptual learning typically requires task
performance, which engages top-down processes that mediate attention, arousal, feedback, and reward.
Moreover, these top-down processes enable training-based improvements in auditory cortical sensitivity.
Here, we will summarize behavioral and physiological data from both human and animal models that highlight
the role of non-sensory influences on auditory learning and plasticity, thereby setting the stage for this
symposium.
SYMP 15.2 The Role of Dopaminergic and Reward-Related Circuits in Language Learning and
Music Memory
Pablo Ripollés
New York University
In a series of behavioral and neuroimaging experiments, we showed that humans—even in absence of explicit
feedback—can experience pleasure from language-learning itself. Specifically, new-word learning from
context (i.e., reading), triggered an intrinsic reward signal that modulated long-term memory for newly learned
words via the activation of the dopaminergic midbrain. Using a pharmacological intervention, we recently
showed that dopamine plays indeed a causal role in this process. We now extend these results to the music
domain, showing that long term memory for newly learned songs depends on the rewarding value of the song
itself and on dopaminergic transmission.
SYMP 15.3 Dopamine Tunes Learning in the Auditory Cortex―Impact on Layer-Specific Input
Gain, Corticoefferent Feedback and Perceptual Salience
Max Happel
Leibniz Institute for Neurobiology
Primary auditory cortex (A1) plays a fundamental role in salient auditory perception, learning, and decision
making. Cortical dopamine release has been implicated in various functions including coding of reward
associations, stimulus salience, expectancy, error prediction, learning-related plasticity and behavioral
relevance. We investigated the impact of dopamine on layer-specific circuit processing in A1 in Mongolian
gerbils by current-source-density (CSD) analysis. Modulation of dopaminergic circuits by optogenetics,
microstimulation or laser-induced apoptosis impacts on layer-dependent local and long-range cortical circuits
integrating bottom-up and relevant top-down information of sensory, and non-sensory cognitive and
behavioral variables, thereby enhancing or disturbing salient auditory perception and learning.
SYMP 15.4 Supervised Error-Driven Learning in Speech Perception
Lori Holt
Carnegie Mellon University
All perceptual systems must maintain relatively stable representations that reflect long-term regularities and
also adapt flexibly to deviations from the norm in short-term input. The variable nature of speech input across
speakers, accents, and dialects makes this tension very evident in speech perception. In fact, speech perception
adapts quickly to unusual or unexpected patterns of speech even across mere exposure. But what drives this
rapid auditory learning? I will discuss a program of human behavioral, electrophysiological and modeling
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research directed at examining they hypothesis that supervised error-driven learning drives dynamic
adjustments in how acoustic dimensions map to speech categories.
SYMP 15.5 Nonclassical Neuromodulatory Actions of Steroids in Auditory Learning Circuits of
Songbirds
Luke Remage-Healey
University of Massachusetts
Steroids were traditionally considered circulating hormones that impact brain function and behavior over long
timescales. We now understand that steroids can also be synthesized by neurons at synaptic junctions, and that
they can have acute actions on circuit function and behavior. Our work, which focuses on auditory learning in
the songbird forebrain, shows that brain-derived steroids fluctuate dynamically in these circuits, and can have
minute-by-minute actions on auditory coding and learning. Evidence from electrophysiology, microdialysis,
and behavioral experiments will be discussed. Our findings show that brain-derived steroids can influence
neural function and plasticity acutely, similar to traditional neuromodulators.
SYMP 15.6 Neural Systems Underlying Sound-to-Rule and Sound-to-Reward Learning of Auditory
Categories
Bharath Chandrasekaran
University of Pittsburgh
A significant computational challenge in speech perception (and broadly, audition) is mapping continuous,
multidimensional, and variable acoustic signals into discrete, behavioral equivalence classes. Despite the
enormity of this computational challenge, native speech perception is rapid and automatic. In contrast, learning
novel speech categories is effortful, and is considered a challenging computational task for the mature brain.
I will elucidate mechanisms underlying how novel speech categories are acquired and represented in the
mature brain. I will discuss a novel theoretical framework, the dual-learning systems (DLS) model that
characterizes the neurobiology of two complementary streams involved in sound-to-rule and sound-to-reward
mapping.
SYMP 15.7 Solitude and Serotonin: Plasticity in Serotonin-Auditory Interactions Following Social
Isolation
Laura Hurley
Indiana University
The serotonergic system has strong modulatory effects at multiple sites in the auditory system and is sensitive
to both the current social environment and individual social history. Reflective of these multiple roles,
serotonin-auditory interactions in the mouse inferior colliculus (IC) are sensitive to a period of postweaning
social isolation. Isolation influences the density of serotonergic axons, the dynamics of serotonin availability
during social interaction, and the responses of IC neurons to the manipulation of serotonin. These changes
suggest that social isolation influences the representation of social context by serotonin in the auditory system,
potentially altering responses to vocal signals.

3:00 p.m. - 5:00 p.m.
Podium 16: "Organ of Corti Mechanics: Studies Using Light and
Mathematical Models"
Moderators: Dr. Heidi Nakajima, Dr. Karolina Charaziak, and Dr. Wei Dong
Category: Inner Ear: Cochlear Mechanics
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PD 16.1 Dynamic Response of the Reticular Lamina in Sensitive Gerbil Cochleae
Wenxuan He1, Tianying Ren*1
1
Oregon Health Science University
Background
The reticular lamina vibration has been measured as a function of the stimulus frequency at different sound
pressure levels in living cochleae. The magnitude transfer functions show that the reticular lamina vibration
is more robust and compressive than the basilar membrane vibration. In contrast to the common expectation,
the reticular lamina vibrates after, not before the basilar membrane vibration, and the low-frequency reticular
lamina vibration is physiologically vulnerable. These data lead to a hypothesis that the cochlea achieves its
extraordinary sensitivity through a global hydromechanic mechanism rather than a local active process.
However, the frequency-domain measurement only at the stimulus frequency may not reliably present the
complex nonlinear reticular lamina responses. The aim of this preliminary study is to determine the
relationship between the reticular lamina and basilar membrane vibration in the time domain.
Methods
Mongolian gerbils of either sex with normal hearing at the age of 4 to 8 weeks were used in this study. After
the bulla was widely opened through a ventrolateral surgical approach, the cochlear partition was visualized
through a microscope. When the object beam of a heterodyne low-coherence interferometer was focused on
the reticular lamina or the basilar membrane, the displacement of the sound-induced vibration was measured
as a function of time at different frequencies and sound pressure levels. The active reticular lamina
displacement was derived from the measured reticular lamina and basilar membrane vibrations.
Results
Time responses of the reticular lamina at the best frequency show both the waveform distortion and baseline
shift. The magnitude spectrum of the time waveform shows response peaks not only at stimulus frequency f0
but also at harmonic frequencies, such as 2f0 and 3f0. The total harmonic distortion of the reticular lamina
response is significantly larger than that of the basilar membrane. The fundamental and harmonic magnitudes
increase with the sound pressure level at a smaller rate than the stimulus. The magnitude of the baseline shift
can be more than three times larger than the peak-to-peak displacement of the reticular lamina vibration at the
stimulus frequency. The reticular lamina and basilar membrane move in the opposite directions at the low
frequencies and in the same direction at the best frequency.
Conclusions
The present results confirm the frequency-domain observation and are consistent with the hypothesis that
motile outer hair cells over a broad cochlear region collaboratively work together to boost the reticular lamina
vibration at the best-frequency location.
PD 16.2 Sound-Driven Response Properties of Different Organ of Corti Structures in the Apex of the
Gerbil Cochlea
Sebastiaan W.F. Meenderink
VA Loma Linda Healthcare System
Background
The mammalian cochlea is tonotopically organized—high frequencies evoke the largest response at the base
of the cochlea, while low-frequency responses peak near its apex. Until recently, most direct measurements
of intracochlear vibrations have been recorded from the cochlear base, and scaling invariance assumes that
scaled versions of these data describe responses at other cochlear locations. Several lines of evidence,
however, indicate that this may be incorrect: scaling symmetry breaks down over almost 50% of the cochlear
length. Since speech contains significant frequencies below 5 kHz that are transduced by apical hair cells, it
is necessary to measure intracochlear vibrations at these locations. The goal of this study was to understand
how the cochlea encodes low-frequency sounds in a mammal that has low-frequency hearing similar to
humans.
Methods
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Inner-ear vibrations and ear-canal pressure were simultaneously recorded in vivo from the gerbil (M.
unguiculatus) using phase-sensitive spectrum-domain optical coherence tomography (PhOCT) and a
microphone, respectively. Responses were evoked by tone complexes composed of 21 frequency components
that are “zwuis”.
Results
We recorded vibrations from multiple locations within the OoC and find that different structures exhibit
different tuning properties. Basilar membrane (BM) responses are frequency tuned and show little variation
in phase for different radial locations. Responses in the outer hair cell region and Hensen cell region are also
band-pass, but less sharply tuned compared to the BM. Also, these regions show larger vibrations than the
BM. All structures respond nonlinearly, but the frequency range over which they do varies.
Conclusions
For the different OoC structures, the responses in the apex and the base have similar shaped tuning
characteristics but differ in their “quantity” (e.g. sharpness of tuning). Also different is the frequency range
over which the responses are nonlinear. At any frequency component of the stimulus we observe systematic
differences in the amplitude and phase of the response across the OoC. However, for the interpretation of these
results in terms of the functional output of the cochlea it is important to consider the PhOCT’s measuring
beam angle (re. the orientation of the vibrating structures): variation in this angle can have profound effects
on the measured response. Overall, our data confirm that vibrations throughout the mammalian cochlea are,
indeed, complex.
Supported by VA Merit Award C2296-R (Dong) and the Department of Otolaryngology Head & Neck
Surgery, at Loma Linda University Health. These contents do not represent the views of the U.S. Department
of Veterans Affairs or the United States Government.
PD 16.3 Stereocilia Motion in a Passive, Radial-Slice Model of the Gerbil Cochlea
Andrew Tubelli
Harvard Medical School, Mass. Eye & Ear Infirmary
Background
Deflection of hair cell stereocilia is the start of the final mechanical stimulus for transducing mechanical
energy from the cochlear traveling wave into the electrical signals that ultimately produce the sensitivity and
selectivity of mammalian hearing. The classical hypothesis that stereocilia bundle deflection is caused only
by the relative shearing of the reticular lamina (RL) and tectorial membrane (TM) has been questioned by
many recent studies that suggest that organ of Corti (OoC) deformation and stereocilia deflection are much
more complex. The goal of this study is to determine how much of stereocilia deflection is due to RL-TM
shearing versus more complex OoC motions, e.g., gap changes along the radial length of the subtectorial fluid
space.
Methods
We have developed a finite element (FE) model of the OoC, a significant improvement of a previous model,
in order to analyze the mechanical drives to stereocilia deflection. The model is a radial slice (20 μm
longitudinal thickness) representation of the passive gerbil cochlea in the middle turn at a characteristic
frequency of ~2.5 kHz. The 3D geometry of the model was based on a combination of measurements from
our own imaging studies and from the literature. The model geometry incorporates OoC structural components
such as the BM, pillar cells, OHCs and Deiters cells with their phalangeal extensions, as well as softer
surrounding cells. Particular attention was given to the shapes of the stereocilia bundles and the fluid spaces
within the OoC (i.e., the outer tunnel of Corti, space of Nuel, and inner tunnel of Corti). Viscous fluid-structure
interaction was solved at frequencies between 100 Hz and 10 kHz in response to an applied pressure on the
surface of the basilar membrane adjacent to the scala tympani. Floquet boundary conditions were incorporated
to simulate periodic wave motion along the OoC with the wavelength dependent on frequency, obtained from
the literature.
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Results
Sensitivity analysis was used to tune model parameters so that the shape of the model BM displacement and
OoC-motion tuning favorably compare to published data for the gerbil. Preliminary results indicate that OoC
motion is more complex than simple pivoting about the foot of the inner pillar cells, that the phase of stereocilia
deflections is often different in inner hair cells (IHCs) than in outer hair cells (OHCs) and sometimes varies
across the three rows of OHCs.
Conclusions
The drive to IHC stereocilia deflection is not simply due to RL-TM radial shear.
[Supported by grant R01 DC07910 from the NIDCD of NIH to SP].
PD 16.4 Cochlear Microphonic Measurements Indicate Sharper Tuning at Stereocilia Than at Basilar
Membrane
Brian Frost
Columbia University
Background
The mammalian cochlea relies on the active forcing of sensory outer hair cells (OHCs) to amplify traveling
wave responses along the basilar membrane (BM). These forces are the result of electromotility, wherein
current through the OHCs leads to conformational changes in the cells that provide stresses on surrounding
structures. OHC transducer current can be detected via the voltage in the scala tympani (the cochlear
microphonic, CM) and the CM can be used as an indicator of healthy cochlear amplifier operation. The CM
represents a summation of OHC currents, and to determine a relationship between CM and other quantities
requires a model that simulates that summation.
Methods
Usually a cable model is used to model CM, with the current generators based on predicted basilar membrane
(BM) displacement. We developed a finite element model (FEM) to more realistically model CM. Initially we
based the pattern of current generators on BM displacement, with the size of the current based on in-vitro
measurements of OHC transducer current.
Results
The amplitude of the predicted CM was not as sharply tuned as the experimental CM and was almost a factor
of 10 too small. Recent in-vivo measurements of stereocilia motion – showing sharper tuning and a phase shift
relative to BM motion – allowed us to advance the model by basing the pattern of current generators on
assumed stereocilia motion. The FEM then predicted the tuning and phase of the measured CM reasonably
accurately, a finding that supports the accuracy of the recent stereocilia motion measurement in mouse.
However, the magnitude of the predicted CM remained smaller than the measured CM.
Conclusions
These predictions offer insight into the as-of-yet unmeasured stereocilia motion in gerbil and lead us to
speculate that in vivo the OHC transducer current is greater than has been measured in vitro.
PD 16.5 New Findings in Mechanics of the Cochlea in Guinea Pig Versus Gerbil
Elika Fallah
Columbia University
Background
Studying the in-vivo mechanical and electrophysiological cochlear responses in several specifies helps us to
have a comprehensive view of the sensitivity and frequency selectivity of the cochlea. Previously, we
measured the basal displacements of the BM and the OHC region in gerbil and the local cochlear microphonic
(LCM) at the same region. In gerbil we observed a similar character in the LCM and the OHC-region motions:
a sharp tuning in the BF region and a nonlinearity in the sub-BF region which was not observed in the BM
motion. We believe that the sub-BF nonlinearity was sourced from the OHC electromotility and given that the
OHC electromotility is wide band, observing sub-BF nonlinearity in the OHC region was predictable. To
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explore the mechanism of cochlear tuning in a different species, we made intracochlear motion and LCM
measurements in the base of the cochlea in guinea pig.
Methods
We measured the OHC-generated local cochlear microphonic (LCM) and the motion of different layers in the
organ of Corti using optical coherence tomography (OCT) in the first turn of the cochlea in guinea pig. Albino
guinea pigs between 180-300 grams of both sex were used. The left bulla was opened using a posterior
approach so that the round window (RW) and the first turn of the cochlea were visible. A small hole (diameter
~200-300 um) was hand-drilled in the basal turn of the cochlear capsule, ~0.4 mm apical of the RW. The
sound stimulus consisted of multi tones (40 or 60 Zwuis tone complexes), 10 dB to 80 dB SPL per tone in 10
dB SPL steps. For motion measurements, we used optical coherence tomography (OCT). By comparing
known anatomy to the B-scan images, we detected important features, such as the BM angle relative to the
horizontal line and the location of the OHCs and IHCs. For the LCM measurements, a tungsten electrode was
approached close to the BM. In guinea pig, observing through the cochleostomy, the light beam could be
directed within the transverse plane of the organ of Corti. In gerbil, measurements were made through the
RW opening and the OCT beam axis usually had a substantial longitudinal component.
Results
In the best frequency (BF) region, we observed the now-classic peak nonlinearity in both LCM responses and
in the BM and OHC-region displacement, similar to our previous findings in gerbil. The sub-BF nonlinearity
was not observed in the OHC-region displacements or in the LCM as robustly as in our previous findings in
gerbil.
Conclusions
The discrepancy observed in the sub-BF electromotility in these two species may reside in either the angle of
the OCT beam relative to the organ of Corti or in anatomical/physiological differences between guinea pigs
and gerbils, or both.
PD 16.6 Tectorial Membrane and Deiters’ Cell Stiffness Estimated From 2-D Vibration
Measurements
Jong-Hoon Nam
University of Rochester
Background
Observations on the relative motions between organ of Corti (OoC) fine structures provide insights on how
the OoC operates to select and amplify sounds. Relative motion between the OoC and its overlying tectorial
membrane deflects the stereocilia, which modulates mechano-transduction. Outer hair cell somatic motility
generates relative motion between the top and the bottom surfaces of the OoC. Among different structures,
the tectorial membrane and the Deiters’ cells are mechanically in series with the outer hair cells. Their
mechanical attributes are a key to better understand how outer hair cell motility modulates cochlear
mechanotransduction. However, their motion and mechanical properties in situ are not well understood yet.
We measured 2-D vibrations of excised OoC. By analyzing the 2-D motions, the stiffness of the tectorial
membrane relative to the outer hair cell stereocilia, and the stiffness of the Deiters’ cell relative to the outer
hair cell soma have been estimated.
Methods
The cochleae were isolated from young gerbil (15-30 day old). After being reduced to the middle turn, the
excised cochlea (70% from the basal end) was placed in a micro-chamber and subjected to
mechanical/electrical stimulations. Resulting vibrations were measured using an optical coherence
tomography system (modified from Thorlabs Ganymede, see Jabeen et al., 2020). At a radial section, the
vibrations were measured by running 30-60 M-scans across the OoC span. This radial scan was performed at
three different angles of the objective (~50 degrees between two extreme angles). Through vector
decomposition, 2-D motions were obtained. Computational model of the OoC was modified from Liu et al.
(2017) to represent the excised cochlea in micro-chamber. By comparing the measured results with the
computational analyses, the mechanical properties of tectorial membrane and Deiters’ cell were identified.
Results
pg. 16

The Association for Research in Otolaryngology (ARO)
The 44th Annual MidWinter Meeting
Monday, February 22, 2021, U.S. Eastern Time Zone

When mechanically stimulated, the instantaneous center of rotation (IC) of the OoC was near the root of the
inner pillar cells. The IC of the tectorial membrane was away from its attachment point to the spiral laminar,
which implies axial elongation of the tectorial membrane. When the tectorial membrane was detached from
the OoC, its IC was near the attachment point. The axial deformations of the Deiters’ cell and the OHC were
comparable. When compared to the model analysis, these measurements indicate that: 1) the tectorial
membrane’s axial stiffness is comparable to the bending stiffness of hair bundles; 2) the axial stiffnesses of
Deiters’ cell and outer hair cell are comparable.
Conclusions
Our observations are in line with the theory of mechanical impedance matching for cochlear amplification
(Rabbitt, 2020; Iwasa, 2017; Liu et al., 2017). For the outer hair cells to deliver power to their external system
(OoC) effectively, they require structural neighbors neither too stiff nor too compliant.
This study was supported by NIH NIDCD R01 DC014685.
PD 16.7 Overturning the Mechanism of Cochlear Amplification
Alessandro Altoe'
University of Southern California
Background
The mammalian cochlea embeds a physiologically delicate cellular amplifier that coherently amplifies soundinduced slow-traveling pressure waves as they propagate through the cochlear fluids. How this amplifier
operates is not fully understood; the dominant theory posits that cochlear amplification results when outerhair-cell (OHCs) forces deliver power to basilar-membrane (BM) motion via the supporting Deiters cells.
Methods
Our analysis of organ-of-Corti motions in the 9-kHz region of the mouse cochlea reveals that the relative
motions of the Deiters cells and the BM are incompatible with power delivery to the BM. On the other hand,
the relative motion of the bottom (i.e., the BM) and the top (i.e., reticular lamina, RL) of the organ of Corti
has the right timing to boost transpartition pressure waves as they propagate towards their tonotopic place.
Results
Including the observed relationship between RL and BM motion in a simple phenomenological model of the
cochlea provides a compelling explanation for the experimental data, including the observation of longitudinal
fluid flow in the organ of Corti. The resulting model also explains the peculiar description of organ-of-Corti
mechanics deduced using the inverse method. According to this model, amplification of BM motion occurs
indirectly via the spatial build-up of driving pressure basal to the characteristic frequency place that occurs
when the deformation of the organ of Corti interacts with cochlear hydrodynamics.
Conclusions
The simplest physical interpretation of the data is that the OHCs amplify the transverse motion of a compliant
RL by delivering their thrust to the stiff BM via the Deiter cells, whose role is to mechanically decouple the
motions of the BM and RL. In a nutshell, the data suggests that the cochlear amplifier conceptually works as
if the organ of Corti in classic models were flipped upside down. This interpretation of the data solves the
classic problem that the OHCs appear to have nothing rigid enough to “push against” in order to boost the
motion of the BM.
PD 16.8 Vibrations in the Bushcricket Ear Studied With Optical Coherence Tomography
Anna Vavakou
Erasmus MC
Background
Optical Coherence Tomography (OCT) can be used to record sub-nanometer vibrations in the hearing organs
of living animals. The major advantage of OCT over traditional laser vibrometry is the depth resolution. OCT
allows a detailed comparison of the vibration of nearby structures within the sensory organ, and the
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construction of vibration maps of cross sections. OCT, however, still shares with the older techniques the
limitation that only the component of vibration along the optical axis can be measured. The only way to
determine the actual 3D direction of the motion is by varying the angle of incidence of the measurement beam.
In a previous study (Cooper et al 2018) we managed to vary the viewing angle over a limited range and
observed phase inversions that strongly suggested that multiple directional components of motion in the
cochlear partition exist. Varying the viewing angles, however, is difficult to achieve in the mammalian cochlea
due to its poor accessibility and therefore we used bushcricket ears that are located in the easily accessible
tibiae.
Methods
The bushcricket hearing organ (Crista acustica) is located superficially, in the front tibia. Owing to its
accessibility, we were able to place a mirror close to the leg. This enabled us to record sound induced vibrations
of the same structures from two angles (direct versus mirror view) without having to rotate the animal, i.e.,
without affecting the acoustic delivery of the sound. The viewing angles differed by at least 60 degree.
Results
We recorded vibrations at the top of the Cap Cells (CC), close to where transduction is taking place, and the
Dorsal Wall (DW). Recorded DW vibration magnitude decreased when the recording angle deviated from 90
degree, revealing that the motion is dominated by a transverse component. Recorded CC vibration magnitude
was less susceptible to changing the recording angle, indicating that its motion pattern is more complex than
that of the DW. Our data also revealed a motion component parallel to the anterior-posterior axis which
appears to be frequency dependent.
Conclusions
Our measurements can help disentangle what drives transduction in the Crista acustica of the bushcricket.
From a wider methodological viewpoint, our observations shine light on an often-neglected technical
limitation of vibration measurement techniques, namely the lack of directional information. This has major
implications for the study of the mammalian cochlea, too. Taking into consideration the complex 3D structure
of the organ of Corti, it is likely that different components of motion can be relevant for the function of the
cochlea and should be studied more extensively, both theoretically and experimentally.

3:00 p.m. - 5:00 p.m.
Podium 17: "Speech Communication: Realistic Factors and
Measurements"
Moderators: Dr. Kaylah Lalonde and Dr. Christian Stilp
Category: Speech Perception
PD 17.1 Assessing Speech Intelligibility and Listening Engagement Using Real-World Auditory
Stimuli
Vanessa Irsik
University of Western Ontario
Background
Individuals suffering from hearing loss exhibit substantial variation in response to challenging listening
situations that cannot be explained by diagnostic test scores (e.g., pure-tone audiometry, speech-in-noise
testing). One listener may consistently engage in compensatory listening strategies, while another may
disengage or become socially avoidant. Diagnostic tests may not capture this variability because the sounds
used during testing are simplistic (pure-tones, isolated sentences) and do not capture the aspects of real-world
listening experience that may motivate an individual to continue listening despite the presence of background
noise. In the current study, we utilize spoken stories masked by 12-talker background babble to investigate
how challenging listening situations affect listener engagement.
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Methods
In Experiment 1, a group of healthy normal hearing participants were asked to listen to one of four possible
stories with 12-talker babble noise and report back phrases from the story when cued. Five levels of noise
were used: clear (no background babble), +12, +7, +2, and -3 dB signal-to-noise ratio (SNR). The SNR
randomly changed about every 30 seconds. In Experiment 2, EEG was recorded while another group of healthy
normal hearing participants listened to each of the four stories participants heard in Experiment 1. Inter-subject
correlation (ISC), a neural measure of synchronized neural activity across participants that is likely driven by
shared experiences, has been used previously to capture persons’ engagement with visual and auditory
narratives and stories (Hasson et al., 2008; Dmochowski et al., 2012). Here, we utilized ISC to investigate
engagement with spoken stories under different listening challenges.
Results
In Experiment 1, we observed that that word-report performance declined with decreasing SNR (clear: 94%,
+12 dB: 93%, +7 dB: 90%, +2 dB: 81%, -3 dB: 54%; p = 2.98 × 10-38), and further that the relation between
SNR and speech intelligibility was quadratic such that intelligibility remained high at moderate SNRs but was
particularly poor at the lowest SNR (p = 3.28 × 10-25). Consistent with behavioral performance from
Experiment 1, we observed that ISC significantly declined with decreasing SNR (p = 1.8 × 10-11), and that
this effect was quadratic (p = 5.7 × 10-6), such that ISC remained high for moderate SNRs but was quite low
for the lowest SNR condition.
Conclusions
The neural synchronization results assessed through ISC mirrored the results from the behavioral speech
intelligibility testing of Experiment 1. Hence, our results suggest that listener engagement remains high at
relatively challenging SNRs, despite missing approximately 20% of words. Our work provides a unique
approach to observe speech intelligibility and listener engagement using ecologically valid, interesting, stories,
and suggests that healthy listeners continue to engage with this listening material even under adverse listening
conditions, when intelligibility is compromised.
PD 17.2 Song Properties and Familiarity Affect Speech Recognition in Musical Noise
Jane Brown
University of Memphis
Background
“Cocktail party” speech perception is largely studied using either linguistic or non-speech noise maskers. Few
studies have addressed how listeners understand speech during concurrent music. We used popular songs to
probe the effects of familiarity and different inherent properties of background music (i.e., isolated vocals,
isolated instruments, or unprocessed song) on speech recognition.
Methods
Participants performed an open-set sentence recognition task in the presence of popular music maskers
comprised of the full unprocessed song, just the instrumentals, or just the vocals. Additionally, songs were
previously piloted and identified as “familiar” or “unfamiliar,” and subjects rated their familiarity with each
song.
Results
We found that isolated vocals and full songs negatively affected recognition performance moreso than just
instrumentals. These results were exacerbated by lower signal-to-noise ratios. There was also a trending effect
of music familiarity; well-known music improved concurrent speech recognition in the isolated vocals
condition, but impaired performance in the parallel full song condition.
Conclusions
Our results show strong effects of song aspect on speech recognition ability, as well as hint at a familiarity
effect. Familiarity aids speech perception when the background music is solely vocals but impairs that ability
when the full song (i.e., vocals+instrumental) is playing. Our findings have implications for understanding the
possible facilitation (or interference) of background music during concurrent linguistic tasks, including
academic study, in attempts to promote learning.
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PD 17.3 Effect of Masker Head Orientation, Listener Age, and Extended High-Frequency Sensitivity
on Speech Perception in Spatially Separated Speech
Brian Monson
University of Illinois at Urbana-Champaign
Background
Masked speech recognition is typically assessed as though the target and background talkers are all directly
facing the listener. However, background speech in natural environments is often produced by talkers facing
other directions, and talker head orientation affects the spectral content of speech, particularly at the extended
high frequencies (> 8 kHz). This study investigated the effect of masker head orientation and extended highfrequency sensitivity on speech-in-speech recognition and spatial release from masking in children and adults.
Methods
Listeners were 5- to 7-year-olds (n = 15) and adults (n = 34), all with normal hearing up to 8 kHz and a range
of extended high-frequency hearing thresholds. Speech reception thresholds (SRTs) were measured for target
sentences recorded from a microphone directly in front of the talker’s mouth (0° head orientation) and
presented from a loudspeaker directly in front of the listener. The maskers were two streams of concatenated
words, recorded from two microphone locations, simulating head orientations of 0° or 60° relative to the
listener. Maskers were presented in one of three spatial conditions: co-located with the target, symmetrically
separated on either side or the target (+54° and -54° on the horizontal plane), or asymmetrically separated to
the right of the target (+54° on the horizontal plane).
Results
Performance was better with the 60° than the 0° masker orientation, with a mean difference in SRTs of 4.4
dB. This benefit of the 60° masker head orientation, or head orientation release from masking (HORM), was
largest in the co-located condition, but it was also observed for the symmetric and asymmetric masker spatial
separation conditions. SRTs were negatively correlated with the mean 16-kHz threshold across ears in adults
for the 60° but not the 0° masker head orientation. In adults with normal extended high-frequency thresholds,
the HORM was comparable in magnitude to the benefit of a symmetric spatial separation of the target and
masker. The HORM was positive for child listeners, but children benefited less than adults from the 60°
masker head orientation. Spatial release from masking was comparable across age groups for symmetric
masker placement, but it was larger in adults than children for the asymmetric masker.
Conclusions
Masker head orientation affects speech-in-speech recognition in children and adults, particularly those with
normal extended high-frequency thresholds. This is important because masker head orientation deviates from
0° under many natural listening conditions, and assuming a midline orientation would tend to overestimate
the effect of spatial separation. The benefits associated with extended high-frequency audibility for speechin-speech recognition may warrant clinical evaluation of thresholds above 8 kHz.
PD 17.4 Neural Tracking of Linguistic Speech Representations
Marlies Gillis
KU Leuven Department of Neurosciences, ExpORL
Background
When listening to continuous speech, our brain tracks certain characteristics of the presented speech. This
phenomenon is called neural tracking. Most often, neural tracking is studied using acoustical properties of the
speech, for example a spectrogram representation (Aiken and Picton, 2008; Ding and Simon, 2012). Recent
studies showed that also linguistic speech representations, representations which derived from the content of
the presented speech, are tracked by the brain (Broderick et al., 2018; Brodbeck et al., 2018; Weissbart et al.,
2020; Koskinen et al., 2020). These studies focussed on a few linguistic speech representations and often did
not account for acoustical properties of the speech.
Methods
In this study, we identified which of these linguistic representations are reliably tracked and whether this
tracking is independent of the presented story. We analysed the EEG responses of 29 young, normal hearing
pg. 20

The Association for Research in Otolaryngology (ARO)
The 44th Annual MidWinter Meeting
Monday, February 22, 2021, U.S. Eastern Time Zone

participants who listened to different stories spoken in Dutch. Neural tracking was investigated using a linear,
forward modelling approach which resulted in a prediction accuracy for each EEG channel. To determine
whether these linguistic speech representations were tracked by the brain, we verified whether the prediction
accuracy, averaged across channels, increased when the linguistic speech representations were added to a
model which accounted for the acoustical properties of the speech.
We evaluated 3 types of linguistic speech representations depending on how the unit of sound can contribute
to the understanding of the story: (a) at phonemic level: phoneme surprisal and cohort entropy (Brodbeck et
al., 2018), (b) at word level: word surprisal, word entropy, word precision and word frequency (Weissbart et
al., 2020) and (c) at contextual level: semantic dissimilarity (Broderick et al., 2018).
Results
Firstly, we evaluated which of these linguistic speech representations are tracked after controlling for the
neural tracking of acoustical speech representations. Phoneme surprisal, cohort entropy, word frequency and
word surprisal were reliably tracked by the brain. The increase in prediction accuracy is small but significant
(average increase: 1.05%, p<0.001).
Secondly, we showed that the tracking of linguistic speech representations is independent of the presented
story. Even when trained on another story, we observed a significant increase in prediction accuracies of
linguistic speech representations when added to a model which accounted for the acoustical properties of the
speech. This suggests that linguistic speech representations are similarly tracked across stories.
Conclusions
In summary, we identified which linguistic speech representations are reliably tracked by the brain. Although
the effect is small, linguistic speech representations have an added value over and beyond acoustical
representations of the speech and independent of the story. Our findings suggest that neural tracking of
linguistic speech representations might be a marker for speech understanding which might have clinical
importance to diagnose comatose patients, patients with mental disorders etc.
PD 17.5 Understanding the Effects of Speech Degradation on Long-Term Memory
Amish Gaur
Western University
Background
Understanding perceptually degraded speech is effortful and requires increased allocation of cognitive
resources. Consequently, long-term memory for perceptually degraded speech is hypothesized to suffer,
ostensibly because cognitive resources are directed to perceptual understanding at the expense of memory
encoding. This effortfulness hypothesis (Rabbit, 1968; Wingfield, Tun & McCoy, 2005) is supported when
the to-be-remembered speech sounds are relatively simple, such as spoken digits. Yet, speech outside of the
laboratory is often meaningful (e.g., describing objects, actions, or coherent ideas), affording deeper levels of
semantic processing (Craik & Lockhart, 1972)—such material may be encoded in a qualitatively different
way compared to simple digits. Thus, the present experiment assessed whether participants’ memory for
perceptually degraded natural speech (spoken sentences and words) was worse relative to clear natural speech.
Methods
In an online experiment, participants (n=103, age range 20–70) after initial sound quality checks listened to
48 sentences and 48 words (encoding phase). Materials were presented in blocks (in random order). Within
each block, half of the items (counterbalanced across participants) were degraded with multi-talker babble (+3
SNR) and the presentation of clear and degraded stimuli was randomized within each block. After each trial,
intelligibility was assessed identically for both words and sentences via self-report. Participants then
completed a recognition task in which they were presented visually with a total of 96 sentences and 96 words,
half of which were presented for the first time (i.e., “foils”). Participants received two blocks of each stimulus
type (sentence, word), which were counterbalanced. Recognition items that were deemed unintelligible during
encoding were excluded from analysis, though intelligibility remained high across all conditions. Recognition
sensitivity scores (d´) were then analyzed using a 2x2 repeated-measures ANOVA.
Results
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It was determined that degraded speech was better remembered than clear speech, and sentences were better
remembered compared to words. A significant interaction was due to a greater memory benefit for degraded
sentences compared to words (p = 0.038). These results indicate that (provided speech is highly intelligible)
effortful listening can actually enhance memory. Furthermore, contextually rich stimuli (i.e. sentences) allow
for a greater memory benefit, arguably because sentences are amenable to deeper levels of processing at
encoding.
Conclusions
These results demonstrate that different types of speech stimuli are processed in qualitatively different ways.
Strings of letters or digits are commonly used but are not as semantically rich and do not afford the same kind
of encoding as sentences. It has also been suggested that cognitive decline (i.e., dementia) in patients with
hearing loss may result from an exhaustion of cognitive resources due to increased perceptual demands. We
plan to extend our investigations to older individuals with hearing loss, in order to clarify this suspected link
between hearing loss and cognitive decline.
PD 17.6 Bilingualism and Learning in Challenging Listening Conditions: The Bilingualism and the
Nativeness Effects
Dana Bsharat
University of Haifa
Background
Speech perception difficulties in challenging listening conditions are more pronounced in bilinguals than in
monolinguals. Although studies have been informative concerning speech perception differences between
monolinguals and bilinguals, they concentrated on bilinguals’ performance in their second language.
Moreover, studies have used mainly background noise as the challenging condition. Therefore, it is still
unclear whether bilinguals’ performance in adverse listening conditions is specific to the type of degradation,
or is there a shared mechanism in speech processing under complex listening conditions? This study examined
factors that affect bilinguals in challenging listening conditions by studying both: (1) the “nativeness effect”
by comparing differences within bilinguals in their first (L1) and second (L2) languages, and (2) the
“bilingualism effect”, reflecting differences between monolinguals’ and bilinguals’ performance in L1.
Methods
Thirty Arabic-Hebrew bilingual and 30 native Hebrew monolingual young adults were tested on speech tasks
in challenging listening conditions. Recall of wordlists and low and high predictability sentences were
examined in quiet and noise conditions. In addition, the ability to perceive vocoded sentences and
improvements throughout exposure to this kind of distortion were examined. The correlation between the
different degraded conditions was also studied.
Results
Bilinguals suffered more in noise than monolinguals even when performance was native-like under favorable
listening conditions. However, bilingualism did not hinder language learning mechanisms; bilinguals
outperformed monolinguals in perception of vocoded speech, demonstrating more extended learning
processes. Performance of bilinguals in L1 versus L2 varied by task complexity; differences between
bilinguals’ performance in their two languages were found in the sentences and the vocoded tasks but not in
the wordlists task. In addition, performance in the two degraded conditions (background noise and vocoding)
was significantly correlated among bilinguals, but not monolinguals. Bilinguals who were able to handle the
noise degradation better performed better in the vocoding distortion.
Conclusions
Our findings provide insights into the bilingual mechanisms that play a role during speech performance in
adverse listening conditions. Factors such as time of exposure to languages, the cognitive load associated with
complex tasks, the ability to utilize top-down predictive processes, and benefit from exposure, appear to
contribute to performance. Advantages in learning of novel stimuli are associated with bilingualism.
Moreover, our findings suggest that bilinguals use similar processing mechanisms to compensate for the
degradation in different challenging listening conditions. Several recommendations can be implemented in
classrooms and institutions following these findings. In addition, the difficulties encountered by normalpg. 22
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hearing bilinguals under certain non-optimal listening conditions highlight the severity of the problem in other
clinical populations, such as hearing-impaired bilinguals.
PD 17.7 Modelling the Effects of Transcranial Alternating Current Stimulation on the Neural
Encoding of Speech in Noise
Mikolaj Kegler
Imperial College London
Background
Transcranial alternating current stimulation (tACS) can non-invasively modulate neuronal activity in humans
and influence auditory perception. Recent studies have shown that tACS with an alternating current that
follows the envelope of a speech signal can modulate the comprehension of this voice in background noise.
However, how exactly it influences the cortical activity and affects speech comprehension remains poorly
understood. Here, we present a computational model for the effects of tACS on the neural encoding of speech
in noise.
Methods
Based on previous work, we established a spiking neural network model for speech encoding via coupled
neural oscillations. The model consisted of two coupled neuronal populations generating self-sustained
oscillations in the theta (4-8 Hz) and the gamma frequency ranges (above 25 Hz). The theta-generating module
was designed to track the onsets of syllables and parse the faster gamma code into smaller segments
representing syllables. To quantify the speech-in-noise encoding performance of the model, we simulated the
encoding of spoken sentences in different levels of background noise and used the obtained output of spike
trains to decode syllable identities. Furthermore, we subjected the model to a range of speech-inspired tACS
waveforms and investigated their effects on the speech-in-noise encoding. In particular, we explored how
stimulation amplitude and frequency as well as phase shift and time delay influenced the encoding
performance of the model.
Results
In agreement with experimental findings, the neural output from the theta module predicted the onsets of
syllables and modulated the faster activity in the gamma-band that encoded the acoustic input. Both syllable
tracking and decoding deteriorated in a sigmoidal fashion with increasing levels of background noise. The
evolution of the model behaviour in the presence of noise resembled typical human performance in the
analogous speech-in-noise comprehension task. The simulated tACS interventions yielded phase- and timedependent modulation of the speech-in-noise encoding in the model that were similar to the effects of tACS
on the speech-in-noise comprehension. The greatest facilitation of the syllable tracking in the model was
observed when the stimulation preceded the speech signal by 50 to 100 ms. Notably, this latency range
corresponds to the typical neural delay associated with cortical auditory processing in humans and may explain
why tACS applied without additional latency can influence comprehension. Stimulation waveforms filtered
in the theta-band frequency range yielded the largest influence on the speech-in-noise encoding in the model
that was comparable to the effects of tACS in humans.
Conclusions
The proposed model provides biophysically grounded estimates of neural encoding of speech in noise suitable
for studying the relationship between cortical processing of speech and comprehension. The effects of tACS
interventions predicted by the model agree with recent experimental findings and shed light on neural
mechanisms through which the behavioural effects may arise.
PD 17.8 Cortical Processing of Arithmetic and Simple Sentences, in an Auditory Attention Task,
Linked to Behavior
Joshua Kulasingham
University of Maryland
Background
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Understanding the neural mechanisms underlying arithmetic processing is a key goal of cognitive
neuroscience. However, these must be disentangled from mechanisms underlying the sensory modality of
presentation. Here we use spoken arithmetic stimuli to investigate neural processing of arithmetic, compared
to general language processing, in an attention-modulated dual-speech-stream paradigm.
Methods
MEG data was recorded from subjects listening to sentences and arithmetic equations while attending to one
of two streams and detecting outliers. Short sentences and simple arithmetic equations were presented
diotically at fixed and distinct word/symbol rates and sentence/equation rates. This allowed for analysis of
neural responses to words and symbols to be largely dissociated from responses to sentences and equations.
Results
We observed acoustic processing of individual words and symbols independent of the attended stream.
However, neural correlates of sentence and equation processing were seen only for the attended stream.
Critically, neural responses were significantly correlated with behavioral performance. Using linear Temporal
Response Functions, differences were seen in the cortical spatio-temporal dynamics of responses to general
language compared to arithmetic. Finally, the target of attention could be reliably decoded from the neural
responses using linear decoders.
Conclusions
This paradigm provides a framework for attention-based studies of neural processing of general language and
arithmetic. Responses to arithmetic and language are well segregated during the dual-speech-stream paradigm.
We observed overlapping yet distinct attention-modulated neural regions activated while processing spoken
language and arithmetic. Correlation with behavior suggests that these neural responses are linked to
comprehension.

3:00 p.m. - 5:00 p.m.
Podium 18: "Regeneration of Hair Cells & Synapses"
Moderators: Dr. Brad Walters and Dr. Vikrant Borse
Category: Regeneration
PD 18.1 Bulk and Single-Cell RNA-Seq Spotlight the Human Utricle Earliest Regenerative Response
After Damage
Emilia Luca
Sunnybrook Research Institute
Background
In the vestibular system, loss of inner ear sensory hair cells (HCs) leads to permanent balance deficits.
Vestibular organs have a limited capacity to regenerate. Supporting cells (SCs) survive after HC loss, and in
newborn mice, SCs can replace HCs by either direct transdifferentiation into HCs or via proliferation followed
by transdifferentiation. However, in adults, this process is limited and not sufficient for functional recovery.
Methods
To investigate the adult human utricle’s immediate response to ototoxic damage in culture, including any
evidence for a regenerative response, we damaged HCs from patients with acoustic neuroma via
aminoglycoside antibiotic (gentamicin). After 24 hrs, we isolated the RNA from the sensory epithelia only
and performed bulk RNA-seq in control and treated samples.
Results
We found 1416 genes with significant transcriptional changes between control and damage conditions - 210
genes were upregulated and 1206 downregulated - highlighting an intrinsic capacity of the adult sensory
epithelium to respond to damage. Importantly, we profiled significant changes in gene expression
(upregulation) of Wnt signalling genes: Rac3, Kremen1, Sall1, Ankrd6, Dlx5 and Sox2 among others; and
their targets, indicating a regenerative response. In addition, among upregulated genes, we identified 42
transcription factors, including NFI (nuclear factor I) Nfix and Nfia, known to be involved in regeneration
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processes in other tissues (skeletal muscle and retinal neurons). Furthermore, to profile gene expression
changes at higher resolution, we performed single-cell RNA-sequencing (scRNA-seq) on the same cohort of
patients. Our preliminary bioinformatic analyses have revealed a robust difference in the transcriptional profile
between gentamicin-damaged and control samples.
SCs represent an endogenous population of cells that is a prime target for regenerative strategies as SCs
survive after HC loss. We used scRNA-seq in order to elucidate SC heterogeneity in a human utricle. Our
preliminary data indicate that there are six putative types of SCs in the adult human utricle. Characterization
of the different SCs is a first step towards identifying which subtype(s) represent ‘stem’ cells for HC
regeneration.
Conclusions
In conclusion, we successfully performed bulk and scRNA-seq on adult human utricles, delineating the earliest
response to ototoxic damage. Furthermore, we are delivering the first human utricle gene atlas. Overall, these
discoveries will advance fundamental knowledge in the field of inner ear regenerative medicine and pave the
way for developing therapeutics for the treatment of balance dysfunction.
PD 18.2 Hippo-Mediated Control of Growth and Regeneration in the Inner Ear
Ksenia Gnedeva
USC Keck School of Medicine
Background
Loss of innate capacity for regeneration in the auditory sensory organs occurred relatively recently during
vertebrate evolution, as both endothermic and ectothermic non-mammalian species can restore lost hair cells
via proliferation and differentiation of the residual supporting cells. No treatments to slow down or to reverse
sensory receptor degeneration causing sensorineural hearing loss exist. Thus, targeting critical pathways that
may unlock the latent regenerative potential of the mammalian inner ear represent an important avenue for the
development of novel therapies for hearing restoration.
Methods
We utilize conditional gene knockout, RNA- and ATAC- sequencing, and CUT&RUN techniques to assess
molecular events associated with establishment of the quiescent postmitotic state in the inner ear and identify
the Hippo pathway as a major driver of that process. We also utilize AAV gene delivery vectors and a small
molecule inhibitor of Lats kinases (identified by us in a high-throughput screen) to uncover the key role of the
Hippo pathway in preventing proliferative regeneration in the mammalian inner ear.
Results
Our work expands the mechanistic understanding of how Yap/Tead signaling controls the precise number of
progenitor cells that will be laid down within the developing inner ear to ultimately regulate the final size and
function of the sensory organs. We demonstrate that the key cell cycle-related genes, such as Aurkb (Aurora
kinase), Ccnd1 (cyclin D1), and Skip2, are direct targets of Yap/Tead complex in the inner ear. Our data also
show that reactivation of Yap/Tead signaling after hair cell loss, using either genetic or small-molecule
approaches, promotes the initial stages of the proliferative regeneration of hair cells, a process thought to be
permanently suppressed in the adult mammalian inner ear.
Conclusions
Our work establishes Hippo signaling as a major repressive pathway activated during development to restrict
sensory organ growth and maintained postnatally to prevent hair cell regeneration.
PD 18.3 Promoter Control Optimizes AAV-ATOH1 Gene Therapy for Vestibular Hair Cell
Regeneration
Joseph Burns
Decibel Therapeutics
Background
Loss of vestibular hair cells results in disabling balance dysfunction. A variety of insults ranging from ototoxic
drugs to natural ageing can kill hair cells. In contrast, the supporting cells that interdigitate with hair cells in
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the sensory patches of the inner ear often remain intact after hair cells are lesioned. Thus, surviving supporting
cells could potentially be stimulated to regenerate replacement hair cells and restore function.
ATOH1 is a basic helix-loop-helix transcription factor that is both necessary and sufficient for a hair cell fate.
In contrast to the limited effects that have been observed in the adult cochlea, overexpression of ATOH1 in
adult rodent and human vestibular organs has been shown to drive robust conversion of supporting cells into
new hair cells. In addition, some studies in rodents have reported that these regenerated hair cells can restore
lost function, suggesting that ATOH1 gene delivery could have therapeutic benefit for patients with vestibular
hypofunction.
Methods
A number of factors need to be considered for maximizing the therapeutic potential of ATOH1 gene therapy:
increasing dosing window via supporting cell transduction efficiency, enhancing regenerative potency via
transgene expression level, avoiding toxicity due to off-target expression, and maintaining durability by
avoiding sustained ATOH1 expression in regenerated hair cells. To that end, we have developed an AAVbased ATOH1 gene therapy, DB-ATO, that robustly regenerates adult vestibular hair cells in vivo.
Results
As a first step in designing DB-ATO, we screened a number of natural and synthetic capsids and identified
multiple serotypes that are capable of transducing >80% of supporting cells in all five vestibular organs in
vivo. In addition, all capsids displayed broad tropism for a number of sensory and nonsensory cell types,
underscoring the importance of designing a cell-type-specific promoter to limit the potential for off-target
toxicity.
We therefore used single-cell RNA-Seq and ATAC-Seq to identify a novel regulatory sequence whose activity
is highly restricted to vestibular supporting cells. ISH labeling of vector genomes demonstrated broad viral
tropism despite restricted transgene expression, confirming promoter specificity. By comparing three
promoters of different strengths, we also found that the level of ATOH1 transgene expression regulates the
efficiency of supporting-cell-to-hair-cell conversion. Finally, molecular characterization of the regenerative
process with single-cell profiling demonstrated that the supporting-cell-specific promoter is naturally silenced
as a hair cell fate is established. This silencing effect promotes maturation, whereas continuous expression
with a ubiquitous promoter appears to suppress later stages of the differentiation process. In vivo, the
regenerated hair cells grow new stereocilia bundles, become reinnervated, and establish new synapses.
Conclusions
Thus, DB-ATO demonstrates the benefits of precision gene therapy for regenerative medicine, and it is a novel
candidate for restoring sensory function to patients that suffer from vestibular deficits.
PD 18.4 Greater Epithelial Ridge (GER) Cells in the Neonatal Mouse Cochlea Can Be Reprogrammed
Into Hair Cells With ATOH1, GFI1 and POU4F3
Amrita A. Iyer
Baylor College of Medicine
Background
Mechanosensitive hair cells in the inner ear are indispensable for the sensation of hearing. Non-mammalian
vertebrates can regenerate cochlear hair cells naturally, but mammals cannot. However, the immature mouse
cochlea exhibits some regenerative capacity in response to specific genetic or pharmacological perturbations.
Atoh1 is necessary and sufficient for the generation of hair cells. Previous studies have shown that ectopic
expression of Atoh1 is sufficient for hair cell regeneration in neonatal mice but has little effect in post-hearing
animals. However, a recent in vitro study suggests that Atoh1 plus Gfi1 and Pou4f3 can reprogram mouse
embryonic stem cells into ‘hair cell-like’ cells.
Methods
We generated three mouse lines in which Atoh1 alone, Gfi1 + Atoh1 or Gfi1+ Atoh1+ Pou4f3 were targeted
to the ROSA locus. We used the Sox9CreER to induce expression of the three transcription factor
combinations in the mouse cochlea. We activated expression of the transcription factors either immediately
after birth, or at seven days of age, and analyzed the effects of reprogramming one week later in both cases.
Results
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For animals receiving tamoxifen at P1 and analyzed at P8, immunostaining revealed the presence of a large
number of ectopic hair cells in the GER. These cells express markers for inner hair cell and innervation.
Additionally, these cells are surrounded by cells expressing inner phalangeal cell markers such as GLAST.
SEM imaging and FM 1-43 dye uptake confirmed the presence of developed stereocilia and evidence of
mechanotransduction channels in the P8 GER hair cells. These results were seen for hair cells generated by
all three transcription factor combinations. However, when the experiment was repeated at P8 and the mice
were analyzed at P15, ectopic hair cells were observed only when all three transcription factors were
overexpressed. These ectopic hair cells did not express inner hair cell markers but were innervated and
surrounded by inner phalangeal cell-like supporting cells.
Conclusions
We are currently defining the differences in transcriptomic signatures between the P8 and P15 cochleae for
each transcription factor combination using scRNA-seq.
PD 18.5 Transcription Factors Enhance Atoh1-Mediated Supporting Cell Trans-Differentiation to
Hair Cell
Zhenhang Xu
Creighton University
Background
In non-mammalian vertebrates, auditory hair cell (HC) death induces adjacent supporting cells (SCs) to
transdifferentiate into new HCs; however, this process is absent in juvenile and adult mammals. Studies have
shown that ectopic expression of the transcription factor Atoh1 together with other transcription factors (TFs)
induces SC trans-differentiation to HCs in neonatal and mature murine cochleae respectively. However, the
morphology of converted HCs (cHCs) are still not mature enough and the conversion efficiency is not ideal
for performing a normal hearing function. Our single cell and bulk RNA sequencing analysis of the cHCs in
mature cochleae showed 16 TFs differentially expressed in OHCs but not in cHCs. Among these, we have
demonstrated that Isl1 is a co-reprogramming factor that promotes Atoh1-mediated conversion both ex-vivo
and in-vivo. Here we propose to identify additional TFs for improving the efficiency and completion of the
conversion.
Methods
Cochlear explants from P0 FVB mice are electroporated with differentially expressed TFs alone and together
with Atoh1. After electroporation, the explants are cultured for three days and analyzed for expression of HC
marker (Myo6). One of the top differentially expressed TFs, Ikzf2, will be further knocked down in zebrafish
to study its capability to promote regeneration.
Results
We transfected the cochlea explants with empty (GFP) vector, Atoh1, Atoh1-GFP, Six2, Atoh1-Six2, Ikzf2,
Atoh1-Ikzf2, Lbh, Atoh1-Lbh, Zfp532, Atoh1-Zfp532, Arid3b, Atoh1-Arid3b, Hmg20a, Atoh1-Hmg20a,
Tub3, Atoh1-Tub3, Sall1, Atoh1-Sall1. Three days post-transfection, we found transfected GFP+ cells in the
greater epithelial ridge (GER) region, many of which were positive for Myo6. While the rate of GFP+/Myo6+
GER cells in GFP+ GER cells in Atoh1 transfected explants is 58+/- 5%, Atoh1-Zfp532 and Atoh1-Tub3 cotransfected explants led to significantly higher rates: 80 +/-3 % and 77+/- 4%, respectively. Other TFs (Six2,
Ikzf2, Lbh, Arid3b, Hmg20, and Sall1) tested together with Atoh1 did not show significant differences in their
rates.
Conclusions
Differentially expressed transcription factors between cHC and OHC provided resources to identify additional
factors that promote HC regeneration in mature cochleae. Atoh1 is sufficient for converting supporting cells
to Myosin6 expressing cells in neonatal explants. The overexpression of Zfp532 and Tub3 in cochlear explants
can enhance the conversion mediated by Atoh1.
PD 18.6 Robust Regeneration of Cochlear Hair Cells in Adult Mice in Situ
Yizhou Quan
Mass Eye&Ear Infirmary/Harvard Medical School
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Background
Hair cell loss is the major cause of permanent hearing loss in humans. Spontaneous hair cell regeneration does
not occur in the mature mammalian inner ear. Strategies to overcome irreversible cochlear hair cell damage
and loss in mammals are of vital importance to hearing recovery. We have recently demonstrated that the
combination of Myc and Notch1 activation is sufficient to reprogram adult cochlea and regenerate hair celllike cells in response to transcription factor Atoh1 in adult transgenic mice.
Methods
To move our work towards clinical application it is necessary to reprogram adult inner ear for hair cell
regeneration in wildtype adult mammalian inner ear with a clinically relevant approach. We performed
screening of small molecule chemical compounds and siRNAs using cultured adult mouse cochlea for
reprogramming.
Results
We identified a combination that can effectively replace Myc and Notch1 transgenes and sufficiently
reprogram adult cochlea shown by the activation/upregulation of Myc, Notch and early inner ear
developmental genes. Reprogrammed adult cochlear cell types efficiently transdifferentiated into hair cells in
response to the signal by Atoh1 overexpression. By lineage tracing, regenerated hair cells were found to be
derived from both SOX2-positive supporting cells and SOX2-negative cells in the limbus region. Regenerated
hair cells were labeled with multiple mature hair cell markers including MYO7A, PVALB, and ESPN. Further,
regenerated hair cells were labeled with an outer hair cell maker SLC26A5 (prestin) and an inner hair cell
marker SLC17A8 (VGLUT3), respectively, suggesting specification of auditory hair cells. Finally, the new
hair cell were found to form connections with adult spiral ganglion neurons and were able to take up FM1-43,
an indication of the presence of the transduction complex.
Conclusions
Our study identified a combinatory approach by small molecules and siRNAs to regenerate hair cells in
wildtype mature mammalian inner ear, laying the foundation to apply the approach for in vivo hair cell
regeneration and restoration of hearing.
PD 18.7 Preclinical/Clinical Translational Evidence for a Potential Hearing Restoration Therapeutic,
FX-322
Will McLean
Frequency Therapeutics
Background
Cochlear hair cell loss in mammals is permanent because progenitor cells fail to divide and differentiate on
their own. Previous work has shown that the two compounds in FX-322 enhance the regenerative potential of
mouse and human progenitor cells in vitro. This multi-group collaboration assessed the pharmacodynamic
(PD) and restorative potential of FX-322 in a mouse noise-induced hearing loss (NIHL) model, cochlear
pharmacokinetics (PK) of intratympanically injected FX-322 in guinea pigs, perilymph concentrations in
patients undergoing cochlear implantation, and a safety study of FX-322 in patients with permanent
sensorineural hearing loss (SNHL).
Methods
PD effects were first assessed in a NIHL mouse model to assess the therapeutic potential of FX-322. PK
studies with FX-322 were performed in guinea pigs to calibrate a well-established computer model predicting
drug distribution over the length of the cochlea with time. The animal PK model was extended to humans by
analysis of perilymph samples collected from subjects undergoing cochlear implant surgery. A doubleblinded, placebo-controlled, safety trial in patients with permanent/stable SNHL was conducted to assess the
systemic safety, plasma PK, and effects on otoscopy, audiometry, and word testing (WR, WIN). The trial
enrolled 23 patients with medical histories consistent with either NIHL or sudden SNHL. Treatment was a
single unilateral intratympanic dose and patients were monitored overnight for safety, PK and PD over a 90day period.
Results
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Animal PD – A single intratympanic injection of FX322 was associated with increased hair cell counts and
improved auditory function compared to placebo in mice with NIHL within one month after treatment.
Guinea Pig PK – FX-322 concentrations in samples taken from the RW niche were found to decrease with
time, with elimination half-times under 1 hour. The highest drug concentration was observed in the basal
regions.
Human PK – Intraoperative middle ear contents and perilymph were analyzed for FX-322 approximately 1
hour into surgery for cochlear implant subjects (n=7). While some subjects had anatomical features that have
been speculated to impair drug entry, such as mucosal folds or bony overhangs, FX-322 was quantified in all
samples analyzed.
Human Safety and PD – FX-322 was associated with a favorable safety profile. In FX-322-treated subject ears
WR and WIN improved over the duration of the study while placebo-treated subject ears did not.
Conclusions
Both preclinical and clinical PK analyses suggest that FX-322 was able to achieve therapeutically active levels
in the extended high frequency region of the cochlea. Preclinically, this was associated with an increase in
hair cell counts and auditory brainstem response thresholds. The present work provides the first evidence that
a novel potential therapeutic, FX-322, is associated with clinically meaningful improvements in speech
recognition in subjects with permanent and stable SNHL, and larger clinical studies are underway.
PD 18.8 Regeneration of Cochlear Synapses by Systemic Administration of a Bisphosphonate
Richard Seist
Massachusetts Eye and Ear Infirmary/Harvard Medical School
Background
Recent studies suggest that well before overt hearing loss is measurable by standard hearing tests, a more
subtle but likely more common process takes place: cochlear neuropathy or synaptopathy, causing permanent
loss of synapses between inner hair cells and afferent spiral ganglion neurons.
Methods
In vivo: After baseline electrophysiological testing measuring auditory brain stem responses (ABRs) and
distortion product otoacoustic emissions (DPOAEs), 7-week-old male CBA/CaJ mice were exposed to 8 – 16
kHz octave band noise at 97 dB SPL for 2 hours to induce synaptic damage. On days 1, 2 and 3 after noise,
animals were injected SQ with the bisphosphonate zoledronate at 0.5 mg/kg or saline. Two weeks after noise
exposure, mice were retested with ABRs/DPOAEs, sacrificed and their cochleae collected for further
processing. Fixed cochleae were decalcified, micro-dissected and stained for hair cells and synaptic markers
(CtBP2, GluA2) before confocal imaging and analysis.
In vitro: Neonatal cochlear explant cultures were harvested from P4 CBA/CaJ pups. After overnight
incubation, specimens were exposed to 0.5 mM kainic acid to induce loss of afferent synapses and neurites.
After 2 hours, the media was changed to culture media treated with zoledronate, farnesyl pyrophosphate (FPP)
or media only as control. Twenty-four hours later explants were fixed and stained for hair cells, neurons, and
synaptic markers (CtBP2, PSD95) before confocal imaging and analysis.
Results
Two weeks after synaptopathic noise exposure, ABR and DPOAE threshold shifts in both groups were
unaffected, except for a small increase at the highest tested frequency, 45 kHz. Consistent with previous
reports, the amplitude of ABR wave at 32 kHz was drastically reduced in the saline-treated group. The
zoledronate-treated group however only showed a small amplitude reduction that was statistically
indistinguishable from responses from animals not exposed to noise. As a histological correlate, we counted
synaptic markers at 32 kHz. Zoledronate-treated animals showed ~ 50 % increase in synaptic markers CtBP2
and GluA2 compared to untreated controls. In vitro, kainic acid-treated explants showed scarce synaptic
CtBP2 – GluA2 juxtapositions after 24h of culture. In zoledronate-treated explants, CtBP2 – PSD95
juxtapositions increased to about 75% of untreated explants. Kainic acid-treated explants that were coincubated with zoledronate and FPP showed a 50% reduction of synaptic juxtapositions compared to explants
not treated with FPP, highlighting involvement of the mevalonate pathway in the regenerative process.
Conclusions
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Our results suggest that bisphopshonates could reverse cochlear synaptopathy and could be repurposed for the
treatment of SNHL with cochlear neuropathy and associated compromised ability to understand words in
noise, tinnitus, and hyperacusis.

3:00 p.m. - 5:00 p.m.
Poster Session 3
M1. Attenuation of Age-Related Hearing Loss in Senescence-Accelerated Mouse Prone 8 (SAMP8)
Mice Treated With Fatty Acid Synthase Inhibitor CMS121
Aging
Tammy Pham*1, Ely Cheikh Boussaty1, Antonio Currais2, Pamela Maher2, David Schubert2, Rick Friedman1
1
University of California, San Diego Medical Center, 2The Salk Institute for Biological Studies
Background
The senescence-accelerated prone strain 8 (SAMP8) mouse model provides opportunities to investigate
potential therapies for age-related hearing loss (ARHL), the most common sensory disorder in older humans.
In SAMP8 mice, oxidative stress leads to chronic inflammation, apoptosis, and premature senescence.
CMS121 is a fatty acid synthase inhibitor previously shown to improve cognitive function in SAMP8 mice
through anti-inflammatory and antioxidative effects in the hippocampus. Given the common cellular pathways
leading to age-related dysfunction in the hippocampus and cochlea, the aim of our study is to determine
whether CMS121 is protective against ARHL in SAMP8 mice.
Methods
Auditory brainstem responses (ABRs) across six frequencies (4, 8, 12, 16, 24, and 32 kHz) were used to assess
baseline hearing in sixteen 4-week-old SAMP8 mice, which were then split into age-matched groups with
similar average hearing thresholds. The control group was then fed a vehicle diet, while the experimental
group was fed a diet with CMS121. ABR measurements were repeated at seven, ten, and thirteen weeks of
age. Cochlear immunohistochemistry was then performed using Ctbp2, GluR2, and Myo7a to analyze the
number of paired ribbon-receptor synapses per inner hair cell (IHC). Descriptive statistics are provided with
mean ± SEM (Standard Error of the Mean). Two-sample t-tests were performed to compare hearing thresholds
and paired synapse count across the two groups, with alpha = 0.05.
Results
Baseline hearing thresholds across the six frequencies in the control group (77.5 ± 5.9, 59.0 ± 9.5, 44.2 ± 6.1,
47.5 ± 7.8, 36.8 ± 6.0, and 35.0 ± 7.2) were statistically similar to those of the CMS121 group (74.9 ± 2.3,
51.4 ± 3.7, 42.3 ± 3.3, 45.8 ± 5.0, 37.8 ± 4.6, and 33.3 ± 4.7.) While the control group showed progressive
ARHL (hearing thresholds at 13 weeks were 84.0 ± 6.4, 63.8 ± 10.0, 56.5 ± 6.1, 64.8 ± 7.4, 37.0 ± 6.4, and
38.3 ± 6.1), the CMS121 group maintained stable hearing thresholds at 13 weeks (73.1 ± 4.0, 50.0 ± 4.5, 39.8
± 3.8, 43.8 ± 4.4, 31.6 ± 4.3, and 35.8 ± 7.1). At that time, the control group had significantly worse hearing
thresholds at 12 kHz (56.5 vs. 39.8, p = 0.044) and 16 kHz (64.8 vs. 43.8, p = 0.040) compared to the CMS121
group. Immunohistochemistry showed a significantly lower synapse count per IHC in the control group (15.7)
compared to the CMS121 group (18.4), p = 0.014.
Conclusions
Our study shows a significant reduction in hearing loss and increased preservation of ribbon synapses in the
mid-range frequencies among mice treated with CMS121 compared to untreated mice. These findings support
expanding the scope of current research on CMS121 to further investigate the promising role of this compound
as a protective agent against ARHL.
M2. Physiology of Inner Hair Cells in the Ageing Mouse Cochlea
Aging
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Jing-Yi Jeng*1, Adam Carlton1Federico Ceriani2, Jennifer Olt1, Steve Brown2, Matthew Holley, 2Michael
Bowl2, Stuart Johnson1, Walter Marcotti1
1
The University of Sheffield, 2MRC Harwell Institute
Background
Mammalian cochlear inner hair cells (IHCs) are specialized sensory receptors, which transduce acoustic
information into electrical signals and relay the information to afferent neurons via ribbon synapses. Agerelated changes in the normal function of the hair cells and their synapses are likely to influence the
progression of age-related hearing loss (ARHL). However, the nature of these changes in the ageing cochlea
and how they might influence ARHL remain largely unknown.
Methods
We have investigated physiological and morphological properties of IHCs located at the 9–12 kHz cochlear
region from early-onset hearing loss mice harbouring the ARHL allele Cdh23ahl (C57BL/6J and
C57BL/6NTac) and late-onset strains (C57BL/6NTacCdh23+ and C3H/HeJ). Whole-cell patch-clamp
recordings were performed on IHCs in acutely dissected organs of Corti to investigate their
electrophysiological characteristics. Morphological changes were studied using immunostaining.
Comparisons between C57BL/6NTac and the isogenic C57BL/6NTacCdh23+ strains were used to investigate
age-related differences associated with Cdh23ahl.
Results
We found that with age IHCs underwent changes in their physiological and morphological characteristics,
some of which representing a general trait in the pathophysiological progression of age-related hearing loss,
and some which were strain specific. In all strains, IHCs became significantly smaller before any hearing loss
was detected with ABR recording. This decline in IHC surface area was accompanied with a reduced
expression of BK but not KCNQ4 channels. We also found that efferent neurons re-innervated aged IHCs at
15 months. These efferent fibres were most likely lateral olivocochlear (LOC) fibres. C3H/HeJ mice were the
only strain showing no loss of IHC synaptic ribbons with age. Ribbon number reduced in all other strains with
ageing, however, the size and kinetics of Ca2+-dependent exocytosis, as well as the replenishment of synaptic
vesicles, was strikingly unaffected. Finally, we found that the size of the mechanoelectrical transducer (MET)
current in IHCs decreased progressively in C57BL/6NTac, but not in C57BL/6NTacCdh23+ mice.
Conclusions
We have shown that IHCs from all mouse strains are already significantly smaller at 6 months of age compared
to post-hearing stages. However, age-related changes in the cochlear re-wiring of the efferent system and loss
of IHC ribbon synapses correlate with the level of hearing loss, being most evident for C57BL/6NTac and
C57BL/6J, less so for C57BL/6NTacCdh23+ and minimal in C3H/HeJ mice. In addition, the MET current
decreases with age in C57BL/6NTac but not in C57BL/6NTacCdh23+ at least up 9 months of age, suggesting
that Cdh23ahl may directly contribute to the progression of ARHL. We also found that despite the loss of IHC
ribbon synapses with age, the volume of the remaining ribbons increased and the size and kinetics of Ca2+dependent exocytosis in IHCs was unaffected. This indicates a previously unknown degree of functional
compensation in the ageing mouse cochlea.
M3. Effects of Aging on the Cortical Representation of Continuous Speech
Aging
I.M Dushyanthi Karunathilake*1, Jason Dunlap1, Janani Perera1, Alessandro Presacco1, Lien Decruy1, Samira
Anderson1, Stefanie Kuchinsky2, Jonathan Simon1
1
University of Maryland - College Park, 2Walter Reed National Military Medical Center
Background
The ability to selectively attend to speech in a noisy environment is crucial for everyday interactions, but this
skill becomes more challenging with aging. Yet, how the neural mechanisms underlying selective attention
and speech-in-noise perception change with age is not well understood.
Methods
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In this magnetoencephalography (MEG) study, we investigate how continuous speech is perceived and
represented in the cortex, in both younger and older adults with clinically normal hearing. Participants (18
younger, 17 older) listened to 1-min blocks of continuous speech, presented both in quiet and mixed with
competing speech, while attending to one speaker and ignoring the other, at different signal-to-noise ratios (0and -6-dB SNR). The low frequency (1-10 Hz) neural responses that track the low frequency speech stimulus
envelope, both attended and unattended, were investigated using temporal response function (TRF) analysis
and stimulus reconstruction.
Results
The resulting cortical TRFs showed three prominent peaks (M50TRF, M100TRF, and M200TRF)
representing distinct auditory processing stages, at corresponding early (~50 ms), middle (~100 ms) and late
(~200 ms) latencies. Older adults exhibited larger attended TRF peak amplitudes compared to younger adults.
The attended M100TRF and M200TRF peaks were bigger than the unattended peaks for both groups.
Differences between the attended and unattended TRF also depended systematically with age group: only for
older adults the unattended M200TRF peak was earlier than attended M200TRF. Taken together these suggest
an age-related excitatory and inhibitory imbalance during early speech processing and delayed compensatory
mechanisms in late processing; both mechanisms may predict older listeners’ difficulty with noisy speech
processing. Also, all TRF peaks were delayed with increasing task difficulty, for both age groups, suggesting
that additional cortical processing is employed for difficult listening situations. In older adults only, the
M200TRF amplitude also decreased with worsening SNR, suggesting that other neural mechanisms may
contribute specifically to the M200TRF. Compared to young adults, older adults also exhibited enhanced
speech envelope reconstruction in all SNR conditions, and integration window analysis shows that longer
integration time windows are needed for older adults to achieve maximal reconstruction accuracy.
Conclusions
Together these results suggest an age-related temporal processing deficit and multiple compensatory
mechanisms aiding speech processing, especially at cortical latencies near 200 ms.
This work was supported by the National Institutes of Health grants P01-AG055365 and R01-DC014085
M4. Age-Related Autophagy Changes May Contribute to Presbycusis Through Regulation of Prestin
Expression Levels
Aging
Bo Ding*1, Xiaoxia Zhu2, Robert Frisina1
1
University of South Florida, Global Ctr. Hearing & Speech Res., University of South Florida
Background
Autophagy is a normal cellular process by which the body removes damaged or unnecessary cell components.
It is likely an essential survival factor for cochlear functioning. However, whether aging induces autophagy
changes in the inner ear and contributes to age-related hearing loss (ARHL) is not clear. Previously, we found
that autophagy was blocked during aging in the cochlea of CBA/CaJ mice. Here we study age-linked
autophagy inhibition in further detail.
Methods
Young (n=6, 3 mon) and aged (n=6, 30 mon) CBA/CaJ mice were subjects. Also, cochlear organotypic
cultures were prepared from 3-day old Sprague Dawley rats (Charles River Labs, Wilmington, MA). Auditory
brainstem responses (ABR) and distortion product otoacoustic emissions (DPOAE) were recorded to measure
hearing changes for the mice. In vitro cell treatments using SV-K1 and HEI-OC1 cells were also conducted
with different experimental paradigms: dose-dependent and time-course. Western blot and confocal laser
scanning microscopy with immunohistochemistry were used for biomarker analyses.
Results
ABR threshold shifts up to 30 dB occurred in young-adult bafilomycin treated mice compared to non-treated
mice. In addition, DPOAE amplitudes decreased and thresholds increased in treated mice, revealing that outer
hair cells are damaged due to autophagy pathway blocking in the young adult cochlea. We observed three
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mechanism targets of rapamycin (mTOR) related molecules (Dram1, Hsp90ab1 and Sec23A) and found that
all of them were down regulated with aging in the cochlea, suggesting that mTOR activity may increase with
age. To test this hypothesis, we examined downstream members of the mTOR pathway: S6K1 and 4E-BP1
and found increased phosphorylation of both kinases in the aged cochlea compared with the young adult.
Autophagy biomarkers, LC3II and P62, were increased in the old cochlea compared to young adult. Similar
results were observed in our experiment with mTOR activator regulated with 3-Benzyl-5-(2-nitrophenoxy)
methyl)-dihydrofuran-2(3H)-one (3BDO) treatments in SV-K1 cells. This suggests that there is a crosstalk
between mTOR activation and autophagosome accumulation. Interestingly, 3BDO and chloroquine induced
prestin surface membrane and whole-cell expression decreases in vitro compared to non-treatment in the HEIOC1 cell line. Similarly, immunohistochemical staining of prestin intensity levels were dramatically lower in
the outer hair cells of cultured cochlea treated with 3BDO and chloroquine compared to nontreatment
cochleae, indicating that autophagy blockage can alter prestin localization and expression.
Conclusions
Aging in the cochlea may affect mTOR activity and the fusion between autophagosomes and autolysosomes.
Subsequently, autophagy-lysosomal pathway blockage may trigger prestin expression changes with age.
These findings support further investigations into the mechanisms of how autophagy can interact with prestin
degradation or gene expression, which may have significant impact on cochlear processing and auditory
function in ARHL. Supported by NIH-NIA: P01 AG009524.
M5. The Impact of Cochlear Implantation on Health-Related Quality of Life in Older Adults,
Measured With the Health Utilities Index 23
Aging
Ellen Andries*1, Annick Gilles1, Vedat Topsakal1, Olivier Vanderveken1, Paul Van de Heyning1, Vincent Van
Rompaey1, Griet Mertens1
1
Antwerp University Hospital
Background
Researchers have shown growing interest in the change in health-related quality of life (HRQoL) after
Cochlear Implantation (CI) in older adults, to enable calculation of cost-utility of CI in this population. A
limited number of generic HRQoL questionnaires are currently available to estimate utility, including the
Health Utilities Index (HUI). However, generic questionnaires are known to be less sensitive for detection of
outcome changes compared to disease-specific questionnaires and could be less suitable to assess HRQoL
changes after implantation. The first aim of this study is to assess HRQoL, measured with the HUI, in older
CI candidates while comparing with age-and gender-matched normal-hearing controls. The second aim is to
study the responsiveness of the HUI by comparing HRQoL after CI with the preoperative situation.
Methods
Twenty CI users aged 55 years and older with bilateral severe-to-profound postlingual Sensorineural Hearing
Loss (SNHL) and an age- and gender-matched normal-hearing control group were included in the study.
HRQoL was assessed with the HUI Mark 2 and HUI Mark 3 (HUI23). The CI recipients were evaluated
preoperatively and 12 months postoperatively.
Results
The auditory HUI3 Single-Attribute score (p < 0.001) and the HUI2 Multi-Attribute score (p = 0.013) differed
significantly between the control group and CI users preoperatively. Moreover, these scores improved
significantly comparing the postoperative situation with the preoperative measurement in the CI group (p =
0.020; p = 0.047). Nevertheless, no significant difference was found between the pre- and postoperative HUI3
Multi-Attribute scores in the CI group (p = 0.071). Additionally, the HUI3 Multi-Attribute score after CI still
remains significantly worse (p < 0.001) than those of the control group.
Conclusions
Subjects with severe-to-profound SNHL demonstrated a lower overall HRQoL compared to the control group.
Although a significant improvement in perceived HL and speech intelligibility was found after CI, the overall
HRQoL did not improve as much as expected. HRQoL in older CI users is influenced by multiple factors
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besides HL, which could not be derived from the HUI23 results only. Hence, the HUI3 Multi-Attribute score
cannot be considered as a responsive outcome measure to detect HRQoL changes after CI. More research is
needed to determine whether disease specific HRQoL instruments may help to detect improvements after CI.
M6. Deep Learning Reveals the Encoding Subspace of Local Neural Populations in Auditory Cortex
Auditory Cortex: Anatomy, Physiology & Function
Jacob Pennington1, Menoua Keshishian2, Nima Mesgarani2, Stephen David*3
1
Washington State University Vancouver, 2Columbia University, 3Oregon Health & Science University
Background
Encoding models such as the spectro-temporal receptive field (STRF) and related linear-nonlinear (LN)
models often fail to accurately predict responses of auditory cortical neurons to natural sounds. Deep neural
networks (DNNs) and other machine learning tools promise greater accuracy but are difficult to estimate for
relatively small neurophysiology datasets. DNN fits are also challenging to interpret. This study developed
methods for fitting DNNs to single-unit activity in auditory cortex and for identifying functional properties
described by the DNN that are not captured by LN models.
Methods
We recorded spiking activity simultaneously across several layers of primary (A1) or secondary (PEG)
auditory cortex of awake ferrets using linear microelectrode arrays (Masmanidis, UCLA) during presentation
of a large natural sound library. We developed population encoding models, implemented as DNNs, that
predict activity of the entire local population. Using the stimulus spectrogram as input, these models contained
two or more shared layers of hidden units that were reweighted in the output layer to predict activity of each
individual neuron. We tested a range of DNN architectures, varying the number and size of convolutional
layers at the input and of dense layers at the output. Performance was compared to that of LN models by the
accuracy with which each model predicted time-varying responses in a held-out validation set. We measured
the equivalence of different DNN models by the partial correlation between their predicted activity relative to
LN model predictions.
Results
DNN-based population models performed consistently better than LN models in both A1 and PEG. Models
with more than one convolutional layer performed significantly better than those with just one. The different
models generally had high equivalence, indicating that their improved accuracy over the LN model did not
depend substantially on the details of their architecture. To study encoding properties captured by the DNN,
we measured the dynamic STRF (dSTRF, Keshishian 2020), the linear spectro-temporal tuning of the DNN
at each point in time. Complexity of dSTRFs was characterized by principal components analysis, providing
a sensory tuning space for each neuron. Neurons with greater improvements in prediction accuracy for DNN
models also tended to have more complex dSTRFs. Compared to neurons from different recording sites, the
dSTRF space was more similar between neurons within a local population.
Conclusions
DNN models provide a substantial increase in predictive power over LN models for neurons in auditory cortex.
Population encoding models leverage information recorded simultaneously from multiple neurons in a local
circuit and describe neural encoding properties more accurately than models for single neurons in isolation.
This local encoding space provides a new window into how information is represented and transformed within
local cortical populations.
M7. Neural Correlates of Auditory Distance Perception With Congruent and Incongruent Cues
Auditory Cortex: Anatomy, Physiology & Function
Keerthi Doreswamy1, Jyrki Ahveninen2, Samantha Huang2, Stephanie Rossi2, Norbert Kopco*1
1
P.J. Safarik University, Kosice, 2Athinoula A. Martinos Center for Biomedical Imaging, Harvard Medical
School/Massachusetts General Hospital
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Background
Perceiving the sound source distance is of key value in many everyday activities. The psychoacoustics of
distance perception and its neuronal correlates are poorly understood. Previous studies identified planum
temporale (PT) and superior temporal gyrus (STG) as auditory cortical areas important for intensityindependent auditory distance processing based on the direct-to-reverberant energy ratio (DRR) and the
interaural level difference (ILD) cues. However, it is not clear whether the area represents the distance percept
per se or one of the intensity independent acoustic cues ILD and/or DRR. To examine this, we conducted
behavioral and neuroimaging experiments in a virtual reverberant environment combined with advanced
computational analyses.
Methods
The auditory distance stimuli were simulated using a single set of non-individualized binaural room impulse
responses (BRIR) measured on a listener that did not participate in this study. The auditory stimuli were
broadband noise bursts varying in distance (15–100 cm) on the left-hand side along the interaural axis while
the ILD/DRR cue availability was manipulated such that the cues varied with distance either congruently or
incongruently. The behavioral experiment involved a distance discrimination task for various stimulus pairs.
The discrimination performance was used to confirm that distance perception with congruent cues is better
than with incongruent cues. The imaging experiment was a sparse-sampling adaptation fMRI in which the
stimuli were random sequences of noise bursts presented from various distances either with congruent or with
incongruent cues. Both univariate and split-half correlation multivariate pattern analysis (MVPA) were
performed on the previously identified ROIs.
Results
Behavioral results showed that subjects performed better when cues varied with distance congruently,
suggesting that the distance percepts are based on both cues. There were no significant effects in fMRI
univariate contrast between congruent vs incongruent stimuli. However, the MVPA analysis suggested that
the population activation pattern in the auditory cortex ROI encompassing the right PT and STG depended on
cue congruency. Given that the sounds were simulated from the left-hand side and the patterns were found in
the right hemisphere, the representation appears to be contralateral.
Conclusions
Overall, these results are consistent with the hypothesis that the PT and STG represent the distance percept as
well as the underlying cues, likely in a distributed interconnected network.
[Work supported by UPJS VVGS-2020-1514, and NIDCD grants R01DC017991, R01DC016765,
R01DC016915]
M8. Difference in Objective Evaluation of Perception of Melody Contour by Musical Experience
Auditory Cortex: Human Studies
Una Naito*1, Yap Gaik Sean1, Reiko Shiba2, Sho Otsuka3, Masato Yumoto4, Seiji Nakagawa3
1
Graduate School of Science and Engineering, Chiba University, Japan, 2Global Research Center for Logic
and Sensibility, Keio University, Center for Frontier Medical Engineering, Chiba University, 4Graduate
School of Medicine, The University of Tokyo
Background
It is well-known that music evokes our emotions. Although such properties of music have been applied to the
music therapy, the neural basis of music perception and cognition is still unclear. Melody is one of the three
main elements of music and includes several factors such as pitch, contour, tonality, and rhythm. The
“contour” means a temporal pattern of ascendance and/or descendance of pitch. Especially, in terms of the
pitch, humans are thought to perceive melodies as two pieces of temporal information; the contour and the
interval (difference of pith between successive two sounds). However, there have been few studies on brain
functions related to the perception of the melody contour, and the neural mechanisms remain unclear.
On the other hand, many studies have reported that musical experiences (trainings of music) affect the
perception characteristics and neural responses to sounds, and even the anatomy of the cortex. Therefore,
similar changes depending on the musical experiences may be observed also in the melody perception.
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Methods
We measured mismatch fields (MMFs) for changes of the melody-contour and the pitch in musicians and nonmusicians． We also examined the left and right hemispheric differences of MMF. Stimuli were five-note
tone sequences. By changing the pitch of the third note, a standard tone sequence and five types of deviant
tone sequences were created. A 306-ch whole-head MEG system (VectorView, Neuomag Ltd.) was used to
observe the MMFs induced by the deviant sound sequence.
Results
In the non-musicians, a larger MMF was observed as the difference of pitch of the third note increased. In
contrast, in the musicians, a larger MMF appeared for the change of the melody contour, a shape of pitch
change of the entire sequence, than for the pitch change of the third tone. In addition, the latency of the MMF
was shortened in the musician compared to the non-musician. These results suggested that music training has
increased the ability to capture tone sequence and has improved the processing speed of sound information.
In terms of the hemispheric difference, MMF latency in the left hemisphere was smaller than the right
hemisphere, regardless of the musical experience. Further, MMF for the melody-contour change showed the
left-hemispheric dominance in the experienced musicians, suggesting that the left hemisphere plays a more
important role in the processing of the melody contour.
Conclusions
The musical experience increased the ability to group sounds and improved discrimination of melody contour.
Further, the musical experience enhanced speed and the left hemisphere dominance in melodic processing.
M9. Spatial Selectivity of fNIRS for Measuring Cortical Activation in the Temporal and Occipital
Regions in Response to Auditory-Only and Visual-Only Speech
Auditory Cortex: Human Studies
Maureen Shader*1, Robert Luke2, Nathalie Gouailhardou1, Colette McKay1
1
Bionics Institute, 2Macquarie University
Background
The current gold standard for in vivo imaging of the human brain is functional magnetic resonance imaging
(fMRI). While fMRI has many advantages, including high spatial resolution, there are many drawbacks that
limit its use, particularly for the study of auditory processing. Drawbacks include noise that is produced during
measurement and restricted use among clinical populations (e.g., cochlear implant users). As an alternative to
fMRI, functional near-infrared spectroscopy (fNIRS) is a relatively new tool for observing cortical activation.
However, spatial resolution is reduced compared to fMRI. As a result, many studies utilize a data-driven
approach to region-of-interest selection, in which regions are selected for analysis based on the locations that
show greater cortical activity. The aim of this study was to investigate whether fNIRS responses could be
obtained from specific, anatomically derived regions of interest in response to auditory- and visual-only
continuous speech.
Methods
Two approaches to a priori region-of-interest selection were explored. First, broad regions corresponding to
each cortical lobe were analysed. Next, the fNIRS Optode Location Decider (fOLD) tool was used to divide
the temporal and occipital regions into two subregions corresponding to distinct anatomical structures. The
Temporal-1 and -2 regions corresponded to Heschl’s gyrus and planum temporale, respectively. The Occipital1 region corresponded to the cuneus and the calcarine sulcus, and the Occpital-2 region corresponded to the
inferior occipital gyrus. The experimental stimulus consisted of a continuous speech signal segmented into
12.5s blocks and was presented in either an auditory-only or visual-only condition.
Results
Group-level results for eight normal-hearing adult participants averaged over the broad regions of interest
revealed no significant activation for either stimulus condition. When divided into subregions, there was a
significant positive auditory-evoked response in the left and right Temporal-1 regions, suggesting activation
near the primary auditory cortex in response to auditory-only speech. There was a significant positive visualpg. 36
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evoked response in the Occipital-2 region, suggesting inferior occipital gyrus activation in response to visualonly speech. In the Occipital-1 region, however, there was a significant negative visual-evoked response. This
result suggests a significant decrease in oxygenated haemoglobin in the cuneus and the calcarine areas in
response to visual-only speech. This opposing response pattern with one being positive, the other being
negative across the occipital subregions was also consistent on the individual level in six out of the eight
participants.
Conclusions
Results suggest that temporal regions near Heschl’s gyrus may be the most advantageous location in adults
for identifying responses to complex auditory speech signals. In the occipital lobe, regions corresponding to
the facial processing pathway may prove advantageous for measuring positive responses to visual speech.
Results from this study suggest that anatomically derived region-of-interest selection is possible for fNIRS
experiments investigating cortical activation to auditory or visual continuous speech signals.
M10. Auditory Cortex is Susceptible to Lexical Influence as Revealed by Informational Vs. Energetic
Masking of Speech Categorization
Auditory Cortex: Human Studies
Jared Carter*1, Gavin Bidelman1
1
University of Memphis
Background
Speech perception requires the grouping of acoustic information into meaningful phonetic units via the process
of categorical perception (CP). Environmental masking influences speech perception and CP. However, it
remains unclear at which stage of processing (encoding, decision, or both) masking affects listeners’
categorization of speech signals. The purpose of this study was to determine whether linguistic interference
influences the early acoustic-phonetic conversion process inherent to CP.
Methods
To this end, we measured source level, event related brain potentials (ERPs) from auditory cortex (AC) and
inferior frontal gyrus (IFG) as listeners rapidly categorized speech sounds along a /da/ to /ga/ continuum
presented in three listening conditions: quiet, and in the presence of forward (informational masker) and timereversed (energetic masker) 2-talker babble noise. Maskers were matched in overall SNR and spectral content
and thus varied only in their degree of linguistic interference (i.e., informational masking). We hypothesized
a differential effect of informational versus energetic masking on behavioral and neural categorization
responses, where we predicted increased activation of frontal regions when disambiguating speech from noise,
especially during lexical-informational maskers.
Results
We found (1) informational masking weakens behavioral speech phoneme identification above and beyond
energetic masking; (2) low-level AC activity not only codes speech categories but is susceptible to higherorder lexical interference; (3) identifying speech amidst noise recruits a cross hemispheric circuit (ACleft →
IFGright) whose engagement varies according to task difficulty.
Conclusions
These findings provide corroborating evidence for top-down influences on the early acoustic-phonetic analysis
of speech through a coordinated interplay between frontotemporal brain areas.
M11. Investigating the Specification of Type 1 Spiral Ganglion Neurons Using Single Cell RNA-Seq
Auditory Nerve
Tessa Sanders*1, Matthew W. Kelley1
1
NIDCD, National Institutes of Health,
Background
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The afferent innervation to the cochlea is composed of the spiral ganglion neurons (SGNs), which transmit
mechanosensory input from the hair cells centrally to the cochlear nucleus. Based on their morphology, two
populations of SGNs can be distinguished in the mammalian cochlea: Type 1 SGNs which constitute 90-95%
of the total population, and form contacts with inner hair cells (IHCs); and Type 2 SGNs which constitute the
remaining 5-10% of the total population and form contacts with outer hair cells (OHCs). Recent single cell
RNA-Seq studies have found three molecularly distinct subgroups within the Type 1 population, termed 1A,
1B and 1C. However, despite the importance of the SGNs, relatively little is known about when this cellular
diversity arises, and what genes are important in specifying and maintaining the different Type I neuronal
subtypes.
Methods
To generate a profile of SGN development, we collected transcriptional data for over 5,500 neurons at
gestational days (GD) 14, GD16, GD18 and postnatal day (P) 1.
Results
To understand when the Type 1 subgroups first begin to be specified, we performed trajectory analyses. The
results indicated that homogenous unspecified SGNs initially split into two lineages leading to either Type
1A, or Type 1B/1C by GD14, with all 3 subgroups identifiable by GD18.
The emergence of Type 1 subgroups prior to the postnatal onset of neuronal activity suggests that specification
is under genetic, rather than activational control. We were therefore interested in identifying genes, and in
particular transcription factors, that might be involved in driving subtype specification. In order to identify
genes which may be active at the branch point between Type 1A and Type 1B/1C we are using SCENIC
regulon analysis. This analysis identifies networks of co-regulated genes and infers the transcription factors
that might be regulating them. To test the specific roles of candidate genes, we will employ both in vivo and
in vitro deletion studies along with overexpression models. Future work will also focus on the split between
1B and 1C SGNs, and the specification of Type 2 SGNs, both events which appear to occur slightly later in
prenatal development.
Conclusions
Overall this dataset represents a wealth of previously unknown information regarding the specification of
neuronal diversity in the spiral ganglion. These analyses will aid our understanding of SGN development and
may provide targets for regenerative therapies for hearing loss in the future.
M12. Novel Tools to Probe Neurotrophic Signaling in Cochlear Neurons: Fab Fragments Derived
From Trk-Selective Agonist Monoclonal Antibodies are Potent and Selective Antagonists of the TrkB
and TrkC Receptors
Auditory Nerve
Sairey Siegel1, Pranav D. Mathur1, Stephanie Szobota*1, Alan C. Foster1
1
Otonomy, Inc.
Background
The neurotrophin receptors, TrkA, TrkB, and TrkC are expressed in neurons throughout the nervous system
and mediate trophic signaling such as neuron survival, neurite outgrowth, and synaptogenesis. In the cochlea,
TrkB and C are expressed on spiral ganglion neurons (SGNs), and studies have shown that Trk receptor
agonists may have potential therapeutic benefit by restoring SGN synapses with hair cells, which can be
compromised in many forms of hearing loss. We previously demonstrated that agonistic monoclonal
antibodies (mAbs) raised against TrkB or TrkC produced potent neurotrophic effects in cultured cochlear
neurons (Szobota et al., 2019, PLoSONE 14(10):e0224022).
Methods
In this study, we examined the function and potency of the Fab fragments of these mAbs. Surprisingly, we
found that the Fab fragments blocked neurotrophic signaling at their respective receptors, functioning as
highly selective and potent antagonists. In a cell line overexpressing human TrkB, the TrkB-selective Fab had
no agonist activity by itself, but at nanomolar concentrations inhibited phosphorylation of TrkB by BDNF and
blocked its downstream effects on ERK phosphorylation. Similarly, in a cell line overexpressing human TrkC,
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the TrkC-selective Fab had no agonist activity by itself, but at nanomolar concentrations inhibited
phosphorylation of TrkC by NT-3 and blocked downstream phosphorylation of ERK. The Fab fragments were
highly selective for their respective Trk receptor and did not activate or inhibit other Trk subtypes.
Results
To date, inhibitors of neurotrophin receptors have demonstrated ambiguous efficacy and/or selectivity for the
Trk subtypes. For example, anti-cancer agents that target the intracellular kinase domains of Trk receptors
have demonstrated potent inhibition but poor selectivity between receptor subtypes due to the conserved
nature of the kinase domains. Subtype-selective Fabs, which bind to targeted extracellular epitopes, provide a
unique opportunity to dissect the physiological roles of TrkB and TrkC in cellular systems that present both
of these receptors, such as SGNs. Previously, we found that survival of dissociated SGNs in culture was greatly
augmented by treatment with BDNF, NT-3, or mAb Trk agonists (Szobota et al., 2019, PLoSONE
14(10):e0224022). In particular, application of exogenous BDNF or a TrkB-selective antibody greatly
enhanced SGN survival. In order to directly assess the significance of both endogenous and exogenous BDNF
signaling in SGNs, we treated rat cochlear cultures with the TrkB-selective Fab, which produced a dosedependent inhibition of neuron survival both in the absence and presence of exogeneous BDNF, indicating
that TrkB signaling is critical in this model of SGN survival.
Conclusions
The Fabs described here represent novel and selective tools for understanding the role of TrkB and TrkC in
the development, maintenance, and restoration of neuronal systems in physiology and disease. Additional
studies with these Fab antagonists will examine the specific roles of TrkB and TrkC in cochlear function and
repair.
M13. Auditory Efferent Influence on Detection of Intensity Change in Click Trains
Auditory Pathways: Brainstem
Miranda Adamczak*1, Yuan He1, Viji Easwar1, Sriram Boothalingam1
1
University of Wisconsin - Madison
Background
The auditory efferent system has been thought to improve speech in noise perception. While this conjecture
is based on animal studies that report improved tone detection in noise with efferent activation, human studies
have produced equivocal results. This is in part because human studies are largely focused on correlational
relationships between speech-in-noise perception and efferent strength where the speech task and efferent
activation are sequentially measured. Furthermore, since speech perception in noise is a multilayered
phenomenon, the specific processes that efferent activation influences are unclear. In the present study, we
attempt to parse out the influence of efferents by focusing on intensity change detection, a process through
which efferents are known to aid signal detection in noise. Further, to minimize top-down influences with
speech stimuli, we use click trains. Given the known role of efferent activation on improving the auditory
nerve dynamic range, we hypothesize that improved discrimination will be associated with increased efferent
activation.
Methods
All participants were required to have clinically normal hearing with measurable otoacoustic emissions
(OAEs). In the experimental paradigm, level increments were applied to a triad of clicks at three time-points
in the click train that roughly coincided with no, mid, and full activation of the efferents. These deviants were
interspersed randomly with 20% probability among click trains with equal-level clicks (standards).
Participants were instructed to indicate the presence of a deviant with a button press. Efferent activation was
concurrently measured using the same click evoked OAEs. This paradigm allowed us to link behavioral
detection with the degree of efferent activation both within and across subjects. Further, P300 responses to the
deviants were quantified to ratify behavioral responses and ensure homogeneity in attentional state within and
across subjects. The experiment was conducted in three phases; (1) a short familiarization phase was followed
by (2) change detection (deviant) threshold estimation at the three time-points. (3) Thresholds obtained in
phase-2 were used in phase-3 as fixed level increments under two conditions: (1) at threshold and (2) +6 dB
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above threshold. Standard clicks were presented at 75 peak-to-peak (pp) SPL for 1.2 s at 62.5 Hz (click trains)
and level increments ranged between 1 and 9 dB.
Results
Data collection is ongoing with two (out of the prospective 20) participants tested so far. Preliminary results
suggest that the efferent activation indeed ranges from no activation to full activation within the duration of
the click train (1.2 s). The threshold of intensity change varies by position. On average, thresholds were 3 dB,
with the lowest threshold with full efferent activation and the highest for no activation. P300 responses were
measurable at all three deviant positions.
Conclusions
Further results and discussion will be presented at the conference.
M14. Auditory Models With Individualized Sensorineural Hearing Damage Profiles: From Auditory
Physiology Recordings to Models for Personalized Hearing-Aid Algorithm Design
Auditory Pathways: Brainstem
Sarineh Keshishzadeh*1, Markus Garrett2, Sarah Verhulst1
1
Ghent University, 2Oldenburg University
Background
Auditory evoked potentials (AEPs) have, for many years, been used as a non-invasive tool to diagnose
sensorineural hearing loss (SNHL). Both outer-hair-cell (OHC) deficits and auditory-nerve fiber (ANF)
damage, or cochlear synaptopathy (CS), can affect the AEP and hence a differential diagnosis of either of
these SNHL subtypes remains difficult on the basis of AEP recordings alone. However, it is necessary to
pursue AEP-based quantification of the frequency-specific degree of SNHL subtypes, since hearing
restoration will only be effective when the functional consequences of each subtype are taken into account.
To facilitate the development of personalized SNHL profiles, we formulated a method that determines the
individual CS and OHC damage model parameters based on non-invasive AEP recordings, and/or distortion
product otoacoustic emissions (DPOAEs), audiograms.
Methods
Specifically, we combined recorded and simulated AEPs (i.e., auditory brainstem response, ABR; and
envelope following response, EFR) and determined the individual SNHL pattern that provided a best match
between the recorded and simulated AEPs. We investigated which of the commonly used methods of OHCdamage quantification provided the best method to individualize the cochlear-model of 41 young normalhearing and older normal-hearing/hearing-impaired listeners, and which ABR/EFR markers were best suited
to predict individual CS profiles (explaining the age-related decline in recorded ABR/EFR markers). First, we
determined the individual cochlear-gain-loss parameters associated with OHC-damage using either the
audiogram or DPOAE thresholds (at 0.8, 1, 2 and 4 kHz). The former was implemented by translating
frequency-specific dB-HL into cochlear filter gain loss, and the latter by adopting a machine-learning
approach. Afterwards, we used the personalized cochlear models to simulate AEPs for different degrees of
ANF-damage. In this step, we reduced the population of different ANF types in a CF-dependent manner. We
proposed a forward-backward classification technique with a k-nearest neighbor classifier to determine the
feature-set that gives the highest accuracy among the 13 AEP-derived metrics.
Results
The EFR strength to rectangularly amplitude-modulated (RAM) 4-kHz pure-tone carriers (MF=120Hz,
MD=95%) yielded the best performance in CS predictions, and the lowest variability in both audiogram and
DPOAE-threshold-based individualization of the cochlea (68.57±2.95% and 83.81±2.66%, respectively). We
validated our method by applying the trained classifier to recorded RAM-EFRs of a new cohort of 18 young
normal-hearing listeners. The classifier predicted that these listeners mostly had mild forms of CS, which
supports that our method is generalizable to other recording setups and cohorts.
Conclusions
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We conclude that the proposed method and personalized models can be used in future development of
individualized hearing-aid algorithms that wish to compensate for the CS aspect of SNHL as well.
Work supported by the European Research Council (ERC-StG-678120, RobSpear).
M15. Factors Affecting Auditory Brainstem Response Characteristics in Preterm Infants During the
First Year of Life
Auditory Pathways: Brainstem
Linda Hood*1, Beth Prieve2, Mary Ferguson1, Stefania Arduini2, Craig Mason3
1
Vanderbilt University Medical Center, 2Syracuse University, 3University of Maine
Background
Development of auditory responses in preterm infants have different trajectories than those from term infants,
which place them at risk for language and developmental delay. Auditory brainstem responses (ABR) are an
excellent metric to track auditory neural development and there are differences between term and preterm
infants. There are few longitudinal studies of ABRs in infants, nor many that test whether ABR changes are
linked to changes in middle-ear and cochlear responses. This study describes longitudinal changes in ABRs
in preterm infants along with the variable of outer/middle ear dysfunction, and demographic, medical, and risk
variables.
Methods
A cohort of 219 Infants born before 33 weeks gestational age (WGA) were enrolled in a longitudinal study
and evaluated over the first two years of life with physiologic, behavioral, language, and neurodevelopmental
measures. ABRs to clicks at 40 and 70 dB nHL were obtained at 33, 35, 48-52, and 62-66 WGA and analyzed
for presence of responses, absolute and interpeak latency, and peak-to-peak amplitude. At each test date, ears
were further classified as having outer/middle ear dysfunction by wideband acoustic absorbance and transient
evoked otoacoustic emissions (TEOAE). A linear mixed model was conducted for ABR characteristics across
age with inclusion of demographic, risk, and medical variables (full cohort). A second linear mixed model
was conducted that included infants with normal middle-ear absorbance and TEOAE responses (normal ear
cohort).
Results
ABRs showed a general curvilinear decline in latency over age for Waves I, III, and V, with the greatest
change over the earlier test ages. Interwave latencies also decreased with age. In the full cohort, the number
of days in the NICU had a significant effect on ABR latencies; however, this finding was no longer significant
when ears suspected of having middle ear dysfunction were eliminated from the analysis. Differences in ABR
trajectories were found with race in both cohorts, while sex and APGAR scores were significant variables in
only the full cohort.
Conclusions
The difference in the significance for the variable of number of days in the NICU between the full and normal
ear cohorts may be related to the clinical observation of higher incidence of middle-ear problems in infants
with longer stays in the NICU. The data indicate the need to carefully quantify middle-ear status in hearing
screening and follow-up testing when using the ABR as the measurement assay. The data highlight the
importance of considering demographic, medical, and risk factors when interpreting ABR results and
modeling relationships to language development. The long-term goal of this longitudinal study of preterm
infants, the BabyEars Project, is to relate early auditory characteristics to neurodevelopmental and
speech/language development outcomes. [Supported by NIH-NIDCD R01DC011777]
M16. Developmental Profile of Group I mGluR in the Auditory Brainstem
Auditory Pathways: Brainstem
Xiaoyu Wang*1, Xiaoyan Yu2, Yuan Wang2
1
Jinan University, 2Florida State University
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Background
Metabotropic glutamate receptors (mGluRs) modulate synaptic transmission in auditory circuits. Disrupted
mGluR signaling underlies multiple pathophysiological conditions of brain disorders. Group I mGluRs,
including mGluR1 and mGluR5, employ primarily postsynaptic mechanisms in the mature auditory brainstem;
however, how mGluR1 and mGluR5 function during development is not fully understood. Addressing this
question is important because a recent study of developing auditory brainstem demonstrated that group I
mGluRs can enhance spontaneous neurotransmitter release via regulation of presynaptic sodium channels,
suggesting age-dependent mGluR5 actions in neurotransmission.
Methods
We determined the subcellular localization and developmental profile of group I mGluRs, including mGluR1
and mGluR5, in the ventral cochlear nucleus (VCN), the lateral superior olive (LSO), and the medial nucleus
of the trapezoid body (MNTB) using immunocytochemistry.
Results
The overall intensity of mGluR5 decreased with age in all three cell groups. At postnatal day 7, double
immunostaining of mGluR5 and a generic presynaptic marker, synaptic vesicle glycoprotein 2 (SV2), revealed
robust and extensive mGluR5 in the perineuronal space, suggesting a glial or extracellular origin. In contrast,
mGluR5 staining was not detected in either neuronal or glial cell bodies or in SV2-labeled presynaptic
terminals. At postnatal day 14, shortly after hearing onset, mGluR5 immunoreactivity displayed a punctate
and partially membrane-associated pattern in MNTB and was identified in a subset of SV2-labeled presynaptic
structures. Additionally, mGluR5-immunoreactive puncta were detected within the cell bodies of MNTB
neurons, with some localized immediately adjacent to SV2-labeled terminals, implicating a postsynaptic
localization. Such puncta were not identified in the LSO, where a more granular appearance of mGluR5
immunoreactivity was present. After maturation, at postnatal day 56, mGluR5 staining was generally low in
VCN, LSO, and MNTB. In MNTB, mGluR5 were observed in a subset of neuronal cell bodies in the high
frequency (medial) portion of the nucleus. In LSO, mGluR5 exhibited a distinct opposition relationship to
SV2, implicating a postsynaptic localization.
Conclusions
Taken together, these data demonstrate that mGluR5 expression and localization are dramatically altered
during development, supporting the hypothesis that mGluR5 has age-dependent functions in auditory cell
groups. Ongoing studies are investigating the origins of mGluR5 around young auditory neurons and the
mGluR1 developmental profile.
M17. Comparisons Between In-Home and Laboratory-Based Auditory Brainstem Response Testing
Using Portable Equipment
Auditory Pathways: Brainstem
Ashley Parker*1, Candace Slack1, Erika Skoe1
1
University of Connecticut
Background
Miniaturization of digital technologies has created new opportunities for remote health care and
neuroscientific fieldwork. Traditionally, electroencephalography (EEG) and other electrobiological
techniques have been limited to clinical or laboratory settings, though the advent of small and portable
equipment is creating the opportunity for in-home healthcare and research fieldwork. The current study
compares auditory brainstem response (ABR) recordings recorded in a home versus a traditional research lab
setting.
Methods
Click-evoked and speech-ABRs were recorded in 12 normal-hearing, young adult participants over three test
sessions in: (1) a shielded sound booth within a research lab, (2) a home setting, and (3) the research lab once
more. ABR data collection followed identical protocols using the Bio-logic Navigator Pro AEP system (Natus
Medical, Inc.) in both test settings.
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Results
Analyses of ABR latencies, a useful measure of clinical utility, showed high repeatability between home and
lab environments across both the click-evoked and speech-ABRs. Additionally, we compared results between
the home and the lab for response consistency (RC— a metric reflecting within-session consistency) and
signal-to-noise ratio (SNR). Like ABR latencies, RC and SNR were robust both in the lab and in the home,
and did not show significant differences between locations, although variability between home and lab was
higher than latencies. RC and SNR also patterned together, with a trend for higher SNRs to pair with more
consistent responses in both the home and lab environments.
Conclusions
Our findings demonstrate the feasibility of obtaining high-quality in-home ABR recordings that closely
approximate those recorded in a more traditional recording environment. Reliable portable ABR testing can
be valuable for providing home healthcare services, potentially making audiological services more available
a variety of populations. Additionally, such portable equipment opens doors for bringing human auditory
neuroscience research into the field and expanding participant samples both in size and diversity.
M18. Neural Fluctuations Provide a Code for Spectral Centroids in the Auditory Midbrain: Models
and Physiology
Auditory Pathways: Midbrain
Johanna Fritzinger*1, Braden Maxwell2, Laurel Carney2
1
University of Rochester Medical & Dental School, 2University of Rochester
Background
The center of mass of the spectrum of a sound, the spectral centroid, is an important perceptual attribute of
timbre. There have been human perceptual studies into spectral centroid discrimination, for example the
spectral centroid in musical sounds is related to perceived brightness. However, neural coding of the spectral
centroid has not been investigated. We hypothesize that the spectral centroid is reliably encoded in the inferior
colliculus (IC). Neurons in the IC are sensitive to neural fluctuations set up at the level of the auditory nerve
(AN). Neural fluctuations are low-frequency changes in AN firing rate that arise from nonlinear peripheral
filters, capture of inner-hair-cell responses by stimulus components near characteristic frequencies, and neural
adaptation. Neurons in the IC are often sensitive to amplitude modulation and thus are hypothesized to respond
to neural fluctuations with an enhanced or suppressed rate-place code.
Methods
Extracellular single-unit neural responses were recorded in the IC of awake rabbits. The stimulus presented
consisted of a fundamental frequency and its harmonics. The spectrum of the stimulus had a peak amplitude
at the spectral centroid and gradual slopes on either side (24dB/oct). Stimuli were based on those used in Allen
& Oxenham (2014, JASA, Volume: 135, Page: 1371). To mimic an IC population response while recording
from one neuron, the stimulus was shifted above and below the center frequency of the neuron to reveal how
the given neuron would respond if it were tuned above, at, or below the spectral centroid.
Results
These rabbit single-unit responses were compared to the output of computational models for the AN and
midbrain with human and cat tuning. IC neurons that have enhanced responses to amplitude modulation show
dips in average rate at the spectral centroid, consistent with model predictions. The harmonic component at
the spectral centroid will “capture” the AN fibers tuned near that frequency, resulting in little to no modulation
in the AN response. Band-enhanced IC neurons are excited by modulation and show a decreased firing rate, a
dip, at the spectral centroid. IC neurons that are suppressed by amplitude modulation showed an increased
average firing rate at the spectral centroid. These responses are robust to changes in overall sound level. Broad
tuning in the rabbit periphery limits the resolution of harmonic components of the stimulus compared to model
predictions using human tuning.
Conclusions
The spectral centroid has implications in formant encoding in vowels and musical instrument sounds. Here
we have started to fill a void of neural studies on timbre and shown that the spectral centroid can be encoded
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at the level of the auditory midbrain. One future goal will be to bridge these midbrain responses back to human
predictions of timbre discrimination.
Supported by NIH R01-DC010813.
M19. Exploring Mechanisms of Conductive Hearing Loss: A Computational Modeling Study
Auditory Pathways: Midbrain
Bartholomew Bacak*1, Kenneth Henry2, Margo K. McKenna Benoit1
1
University of Rochester Medical Center, 2University of Rochester
Background
Conductive hearing loss (CHL) due to otitis media with effusion (OME) is common in children during critical
periods of development, but the pathophysiologic consequences on neural processing remain poorly
understood. Animal models suggest that CHL could cause processing deficits for the temporal envelope of
sound, e.g. amplitude modulation (AM), due to reduced inhibition in inferior colliculi (IC) neurons. This
computational modeling study was developed in conjunction with a behavioral study that showed AM
processing deficits in children with CHL due to OME and normal audiometric thresholds at the time of AM
testing (McKenna et al. 2018). We used a computational model to test the hypothesis that reduced inhibitory
synaptic weights of IC neurons impairs thresholds for AM detection using rate- and synchrony-based neuronal
encoding.
Methods
Validated phenomenological models of the auditory periphery (Zilaney et al. 2014) and IC (Nelson and Carney
2004) were used to predict neural responses to 8- and 64-Hz modulation frequencies across a wide range of
modulation depths including no modulation. The area under the receiver operator characteristic (AUROC)
curve was calculated for rate- and synchrony-based response metrics to determine the AM detection threshold.
For a given modulation depth, model outputs were considered above threshold when the AUROC was greater
than 70.7. Thresholds were then calculated at varying levels of IC synaptic inhibitory strength for both forms
of neuronal encoding.
Results
Rate-based AM detection thresholds at 8 Hz (r=-.927, p<0.001) and 64 Hz (r=-.959, p<0.001) were
significantly correlated with decreased IC neuronal inhibition, ie lower inhibition yielded less sensitive
thresholds. In contrast, synchrony-based thresholds at 8 Hz (.546, p=.128) and 64 Hz (r=.047, p=.857) were
uncorrelated with inhibitory strength. Profound loss of AM sensitivity, defined as thresholds equal to or
asymptotically approaching 0 dB, occurred with rate-based encoding of 8- and 64-Hz modulation frequencies
when inhibition was reduced by 17 and 44%, respectively. AM detection thresholds were less sensitive to
changes in inhibition with rate-based encoding at 8- than at 64-Hz (mean difference=4.89 dB, p=0.02). In
contrast, reduced sensitivity of synchrony-based AM encoding was not observed, at 8- and 64-Hz modulation
frequencies, for any inhibition level.
Conclusions
This computational modeling study suggests that the AM processing deficits shown in children with normal
audiograms but a history of CHL due to OME may be caused by impaired rate-based AM encoding by IC
neurons associated with reduced inhibition. These results underscore the importance of resolving CHL
quickly, to prevent potential deficits in complex-sound processing that might persist well after the resolution
of audiometric thresholds.
The project was supported by award number UL1TR002001 from the National Center for Advancing
Translational Sciences of the National Institutes of Health.
M20. Grafting Lubricious and Fibrosis-Resistant Thin Films to Human and Mouse Cochlear Implants
by Photopolymerization
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Auditory Prostheses
Ryan Horne*1, Douglas Bennion2, Adreann Peel1, Allan Guymon1, Marlan Hansen2
1
University of Iowa, 2University of Iowa Hospitals and Clinics
Background
Cochlear implants (CIs) restore auditory perception to patients with significant hearing loss. However, tissue
fibrotic responses in the cochlea following implantation of an electrode array can reduce the effectiveness of
the CIs and may contribute to loss of any residual hearing. This tissue fibrosis results, at least in part, from a
foreign body response to the presence of foreign biomaterials in the cochlea. We have developed a
photgraftable zwitterionic thin film that has shown promise in preventing the fibrotic response in subcutaneous
models. However, these thin films are difficult to photograft to curved surfaces of CI electrode arrays as
keeping precursor solution in place for photografting is quite challenging. This work describes methods that
show significant potential to photograft zwitterionic thin films onto CI electrode arrays.
Methods
The thin film photografting process is facilitated by an outer sleeve of polydimethylsiloxane (PDMS) which
uniformly distributes the prepolymer solution by capillary action over the electrode array. To counter the
resistance of the hydrophilic solution to capillary action over hydrophobic surfaces, we introduce 0.8% of a
PDMS-polyethylene glycol surfactant. In this setup, UV light can pass through the semi-transparent PDMS
and initiate photografting. Underside illumination is increased by a reflective mirror opposite the light source.
After 5 minutes of 365 nm UV light at 30mw/cm2 in an oxygen-free environment, the outer sleeve is carefully
peeled away from the nascent partially polymerized thin film on the cochlear implant. To fully cure the thin
film, the system is then exposed to light under the same conditions for an additional 10 minutes.
Results
The thin film is characterized by scanning electron microscopy with energy dispersive X-ray spectroscopy
(SEM-EDS). The SEM-EDS reveals a uniform thin film by detection of surface atomic sulfur which is present
in the thin film formulation but absent on the CI surface. The thin film is further characterized by
epifluorescent microscopy in its native hydrated condition by fluorescein in water. The fluorescein illuminates
a thin (<50 micrometer) uniform hydrogel across the entire target surface. Regions lacking a hydrogel thin
film remain dark because of their inability to retain the fluorescent solution. Thin films are photografted onto
both human and mice CIs and characterized by this method.
Conclusions
Thin films that prevent the foreign body response can be photografted onto complex curved implant surfaces
by dispersing and UV polymerizing a surfactant-doped prepolymer solution over the desired surface by aid of
a UV-transparent outer sleeve. These thin films have been applied to both human and mouse CI electrode
arrays successfully. These thin films have the potential to dramatically reduce the loss of residual hearing
associated with cochlear implants and to increase device longevity.
M21. A Psychophysical Measure of Temporal Pitch Processing in an Animal Model
Auditory Prostheses
Matthew Richardson*1, Francois Guerit2, Andrew Harland2, Robin Gransier3, Jan Wouters3, Robert P.
Carlyon2, John C. Middlebrooks1
1
University of California, Irvine2, MRC Cognition & Brain Sciences Unit, University of Cambridge, UK,
3
University of Leuven, BEL
Background
Cochlear implant (CI) users show limited sensitivity to temporal fine structure (TFS) encoded by electric
stimulation, which contributes to impaired pitch and speech-in-noise perception. Neurophysiological studies
in cat suggest this limitation is due, in part, to poor transmission of TFS through the high-frequency brainstem
pathways that are activated by contemporary CIs. It remains unknown, however, whether this neural limit in
cats is evident in perceptual sensitivity of the same species. To bridge this gap, we are developing a
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psychophysical measure of temporal pitch processing in a cat model using an acoustic analog of electric
stimulation by a single cochlear electrode.
Methods
In the psychophysical task, four normal-hearing cats were presented with acoustic pulse trains produced by
passing harmonic complexes through a bandpass filter centered on 8 kHz. The bandpass filter targeted the
basal cochlea that can be activated by a CI and removed place-of-excitation cues by preserving only
unresolved harmonics. Pink noise was added to mask distortion products arising between harmonic
components. Each cat was trained to press and hold a pedal to initiate a continuous pulse train with a fixed
baseline pulse rate. After a variable time, the pulse rate was increased by 35 or 65%. If the cat then released
the pedal within a criterion time, the trial was scored as a hit and the cat received a food reward. Early or late
releases were scored as false alarms or misses, and the cat received a time out.
Results
Performance was evaluated using the d’ sensitivity index for baseline pulse rates varying from 94 to 560
pulses-per-second (pps). Similar performance characteristics were observed across the 4 cats. As expected, d’
consistently was higher for the 65% than for the 35% pulse-rate change. Sensitivity improved with increasing
base rate, with individual cats showing maximum d’ between 280-472pps, above which performance
plateaued or decreased slightly at the highest rate of 560pps. Interestingly, whereas d’ was typically greater
than 1 for most pulse rates, it was consistently below 1 for the lowest base rate of 94pps, which suggests that
the lower-limit of temporal pitch sensitivity in cats is higher than is observed in humans.
Conclusions
These psychophysical results demonstrate sensitivity to temporal pitch in a cat model in the absence of
cochlear-place cues. The results will provide a baseline for planned studies of temporal processing in cats
chronically implanted with cochlear implants or with novel stimulating devices. Those studies will relate
perceptual sensitivity to both non-invasive physiology (EEG) and single-unit measures of temporal
processing. The results also are being compared to parallel experiments in normal-hearing humans and human
CI users to achieve a combined physiological and psychophysical understanding of temporal acuity in cochlear
implant stimulation.
M22. Open Board
M23. Growth Functions of Acoustically and Optoacoustically Induced ABR Waves in the Mouse
Model
Auditory Prostheses
Larissa Heimann1, Katharina Sorg1, Patricia Stahn1, Jutta Engel2, Achim Langenbucher2, Bernhard Schick1,
Gentiana Wenzel*1
1
Saarland University Medical Center, 2Saarland University
Background
The optoacoustic effect can be used to stimulate the hearing organ by inducing vibrations of the irradiated
structures and might offer the base for the development of a new generation of auditory prostheses. The
optoacoustic induced vibrations are transmitted through the physiological auditory pathway and activate the
central auditory system. Previous electrophysiological studies performed in guinea pigs have demonstrated
that this stimulation strategy is suitable for frequency-specific activation of the hearing organ. However,
biocompatibility studies have been performed in mice, a more feasible animal model for this question due to
the multitude of anti-mouse antibodies on the market. To analyze electrophysiological and biocompatibility
aspects of this novel method in parallel we sought to assess, and present herein the optoacoustic induced
auditory brainstem responses (oABRs) in a mouse model.
Methods
Female CBA/J mice aged 4-12 weeks were used in our experiments. Auditory brainstem responses (ABRs)
were recorded in anesthetized mice during either acoustic stimulation (click aABR) in a range of 0-80 dB SPL
or during optical stimulation with average laser powers of 1-150 mW. A pulsed 532 nm-Neodymium-doped
Yttrium Orthovanadate (Nd:YVO4) laser system (INCA, Xiton Photonics GmbH, Kaiserslautern, Germany)
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with a pulse duration of 10 ns and a laser pulse repetition rate of 50 kHz was used. We analyzed the resulting
oABR and aABR waves regarding the amplitude of wave I and compared its growth function between both
stimulation methods. To identify auditory and optical stimuli inducing the same level of neuronal activation
at brainstem level, amplitudes with the same value were compared and the applied optical energy (mW scale)
was correlated to the acoustic activation (dB scale).
Results
The oABR waves were similar in shape, and amplitude to the aABR waves however, demonstrated shorter
latencies. The growth function of wave I oABR amplitudes showed a similar behavior compared to the
acoustic stimulation and was fitted by a sigmoid function. Whereas the maximum aABR amplitude of 5.4 µV
was determined, the maximum oABR amplitude was 1.9 µV. With these results, we were able to make first
predictions about the effectiveness of our stimulation method in comparison to acoustic signaling in a mouse
model.
Conclusions
The maximum measured value of the oABR amplitudes was 65 % lower than the acoustic ABR amplitudes.
With the current stimulation parameters, an activation of up to 50 dB could be represented. Therefore, further
research is on the way to increase the efficiency of the light energy transfer to make the optoacoustic
stimulation more feasible for the use as an alternative stimulation method in a novel hearing system.
M24. A Computational Single-Fiber Model of Electric-Acoustic Stimulation: Design and Validation
Auditory Prostheses
Daniel Kipping*1, Waldo Nogueira1
1
Hannover Medical School and Cluster of Excellence “Hearing4all”, Germany
Background
Cochlear implant recipients with preserved acoustic low-frequency hearing in the implanted ear are a growing
group among traditional CI users who benefit from combined electric-acoustic stimulation (EAS). However,
the combination of ipsilateral electric and acoustic stimulation also introduces interferences between the two
modalities that have not been considered in the clinical fitting of EAS devices to date. The underlying
physiological mechanisms of electric-acoustic interaction are only partially understood. The goal of this
project is to provide a framework for the computer-based exploration of peripheral electric-acoustic interaction
effects. This will allow a deeper insight into the interaction mechanisms, which can lead to improvements in
current fitting and sound coding strategies regarding EAS interaction.
Methods
A computational model of a single auditory nerve fiber that is excited by EAS was developed to study the
interaction between electric and acoustic stimulation. From a technical point of view, two existing models of
sole electric or acoustic stimulation were coupled to simulate responses to combined EAS. The model of
acoustic stimulation is a phenomenological model of the auditory periphery (Bruce et al., 2018). The model
of electric stimulation consists of two integrate-and-fire neurons and simulates responses evoked by direct
electroneural stimulation (α responses) of the nerve fiber (Joshi et al., 2017). Different ways of coupling both
models were implemented as well as the option to run the EAS model without any electric-acoustic interaction
to obtain results as a reference.
Results
The EAS model was validated with single-fiber recordings from animal experiments. Simulated measures
included threshold and dynamic range, spike rate, latency, jitter, and vector strength. The model reproduces
the reported spike statistics of fibers excited by acoustic and direct electroneural stimulation. This includes
effects such as the lowering of electrical thresholds and dynamic ranges in deafened fibers without
spontaneous activity, or the reduction of phase locking by a second stimulus of the other modality. The
refractoriness of the model fiber leads to an inhibitory interaction between electrically and acoustically evoked
spiking activity and a sublinear addition of spike rates in accordance with published animal data.
Conclusions
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We present a model of acoustic and electroneural (α) responses in a hearing auditory nerve fiber that largely
reproduces the results from animal experiments. Electrophonic (β and δ) responses are currently not modeled,
although they are sometimes observed in the electric stimulation of acoustically hearing animals. In human
EAS subjects, however, there are indications that electrophonic stimulation is negligible from a perceptual
point of view (Kipping et al., 2020). The presented EAS model thus forms a basis for future investigations of
EAS interactions that affect human EAS users.
M25. Comparison of Output Performance Between a Novel Prototype Semi-Implantable
Transcutaneous and a Percutaneous Bone Conduction Device
Auditory Prostheses
Mohammad Ghoncheh*1, Stefan Stenfelt2, Stefan Raufer3, Rolf Benedikt Salcher3, Nils Kristian Prenzler3,
Patrick Maas4, Hannes Maier3
1
Medical University Hannover, 2Linköping University, , 3Medical University Hannover, Cluster of excellence
Hearing4all, 4Oticon Medical AB
Background
Semi-implantable bone conduction devices (BCD) are alternatives to percutaneous bone anchored hearing
systems. In this study, the output performance of a novel semi-implantable BCD (Sentio, Oticon Medical) was
compared to an established percutaneous bone anchored hearing system (Ponto 3, Oticon Medical) using
cadaver heads. Furthermore, influence on the performance of the Sentio after flattening the skull bone surface
at the stimulation position was investigated.
Methods
The percutaneous Ponto and transcutaneous Sentio were sequentially implanted at two sites: at 50 mm
superior-posterior to the ear canal opening (position A) and at about 20 mm Inferior-posterior to the ear canal
opening behind the pinna on the mastoid, closer to the cochlea (position B) in 5 human cadaveric heads. The
ipsilateral cochlear promontory (CP) vibration in response to either BCD stimulation was measured using
Laser Doppler vibrometery. In addition, at position B the bone was flattened by drilling an approximately 3
mm deep bone bed that fitted the Sentio, and the CP vibration was measured after placing the Sentio at this
manipulated position and compared to the non-manipulated result.
Results
With excitation at position A and at frequencies between 0.1 kHz and 0.5 kHz, the maximum average CP
velocity magnitudes were up to 15 dB higher for the Ponto 3 compared to the Sentio while at frequencies
above 0.5 kHz, the maximum average CP magnitudes for the Ponto 3 were less than 12 dB higher than those
for the Sentio. With stimulations at position B the CP vibration responses improved compared to stimulation
at position A. Therefore, placement of the Sentio transducer at position B provided similar or up to 7dB higher
maximum average vibration magnitudes than the Ponto 3 at Position A at frequencies above 600 Hz. No
significant effects of the bone bed were found.
Conclusions
Our results show that the vibration response at the CP from the new bone conduction implant Sentio at position
B provides similar output levels as the percutaneous Ponto 3 at position A. The results also indicated that
drilling a bone bed for the placement of the Sentio transducer does not improve the output.
M26. The Effect of Cochlear-Implant Dynamic-Range Compression on the Perception of Moving
Sources in Normal-Hearing Listeners
Auditory Prostheses
Alan Archer-Boyd*1, Robert P. Carlyon1
1
Cambridge Hearing Group, MRC Cognition & Brain Sciences Unit, University of Cambridge
Background
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Dynamic-range compression (DRC, sometimes referred to as automatic-gain control) is used in cochlearimplant (CI) processing to maintain the audibility of sounds for CI users. DRC parameters in CIs are often
much stronger than those found in hearing aids. As such, DRC can have a much greater effect on the level and
envelope of sounds. Previous work (Archer-Boyd and Carlyon, 2019) simulated the effect of unlinked
Advanced Bionics DRC on interaural level differences (ILDs) during listener head movement. This study
investigated the effect of different DRC parameters on the perceived trajectories of moving sounds by normalhearing (NH) listeners listening to noise-vocoded CI simulations.
Methods
Moving sound sources were produced using the overlap-add method detailed in Archer-Boyd and Carlyon
(2019), using head-related impulse responses (HRIR) from the anechoic Oldenburg behind-the-ear
microphone HRIR library (Kayser et al., 2009). High-pass pre-emphasis, and single-channel, unlinked DRC
was applied to the moving signals. Several combinations of compression ratio, attack, and release time were
investigated. 16 analysis filters from 0.25-8kHz were used in the noise vocoder. The synthesis filters were
shifted by three octaves in order to reduce the effect of uncontrolled interaural-time-difference fluctuations on
responses. Four groups of three channels from synthesis channels 3-14 were presented, from low to high
frequencies. Listeners were also screened for very high frequency hearing loss (10.7 kHz). Listeners drew the
perceived trajectory of the sound on a top-down schematic of a head directly after stimulus presentation.
Results
Results were mixed across listeners, partially as a result of allowing listeners to freely draw what the
movement they perceived. The compression caused the lowest frequency band to be perceived as moving in
the opposite direction to the input sound, consistent with simulations described by Archer-Boyd and Carlyon
(2019). In general, for higher frequency sounds, increases in compression ratio and decreases in attack and
release times resulted in reduced perceived movement. A subset of listeners appeared to perceive the
“overshoot” effect described in Archer-Boyd and Carlyon (2019), where the sound reversed direction of
movement towards the end of the stimulus. Broadband results were quite variable, and some listeners reported
hearing no clear position for the sound, before, during, or after movement.
Conclusions
This study investigated the effects of CI processing, particularly DRC, on the perception of moving sound
sources. The results showed that the predictions of Archer-Boyd and Carlyon (2019) were correct for
narrowband sounds in a subset of NH listeners tested. Broadband results were less clear and suggested that
listeners had difficulty resolving conflicting and unnatural ILD cues across frequencies into a single clear and
punctate moving source.
M27. Short-Term High- Or Overstimulation Affects eCAP- But Not eABR-Thresholds
Auditory Prostheses
Susanne Schwitzer*1, Moritz Gröschel1, Horst Hessel2, Arne Ernst1, Dietmar Basta1
1
University of Berlin, Charité Medical School, 2Cochlear Deutschland GmbH & Co. KG
Background
Changes in map T and C levels over time are possibly related to a training effect or habituation (Clark et al,
1988), which result in increased tolerance to loudness. However, a widening of the electric dynamic range
(eDRs) and increasing C-levels are associated with better speech perception scores in quiet and noise
(Robinson et al., 2012). This knowledge is responsible for the clinical fitting strategy to increase the eDRs by
increasing the C-Level. If the C-Level are higher than necessary, a patient could tolerate but speech
performance is going down. The main problem is to identify the necessary level, when the patient was adapted
to high stimulation over time. A good option to measure the adequate level are objective measures, comparing
peripheral (eCAP) with more central (eABR) thresholds. In a first investigation a short-term high- or
overstimulation could be helpful to investigate the excitability of peripheral and central auditory structures in
a controlled animal experiment.
Methods
A guinea pig scala tympani electrode array (provided by Cochlear Ltd.) with eight electrode contacts was
unilaterally inserted into the first turn of the cochlea after mechanical deafening. The animals were randomly
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assorted to one of the following groups: low overstimulation (“LOS” 10 – 29 CL above eCAP threshold; N =
8), middle overstimulation (“MOS” between 30 – 49 CL above eCAP threshold; N = 9) and high
overstimulation (“HOS” 50 – 70 CL above eCAP threshold; N = 7). All animals were stimulated with a CP810
sound processor in a standardized acoustic environment (radio play at 65 dB SPL) for eight hours under
anesthesia. The eCAP and eABR measurements were performed before stimulation and after four and eight
hours.
Results
After four hours of stimulation no significant differences were found between eCAP-thresholds of the
investigated stimulation groups. This holds also true for the eABR data. After eight hours of stimulation the
eCAP threshold level of the “HOS”-group increased significantly in comparison to the “LOS”-group at basal
electrodes. Again, eABR data showed no significant differences between the groups.
Conclusions
The results suggest that electrical high- or overstimulation induce fast changes of the responsiveness in the
peripheral auditory system, here the spiral ganglion neurons which modulates eCAP-thresholds. However,
central structures of the auditory pathway are not affected by this high- or overstimulation. Thus, a changed
relationship between eCAP- and eABR-thresholds could be possibly indicative for an ongoing high- or
overstimulation in cochlear implantees.
M28. Applications of a Novel Contrast-Enhanced MicroCT Method for Insertion Trauma Studies
Auditory Prostheses
Anastasiya Starovoyt*1, Grzegorz Pyka2, Eman Shaheen3, Tristan Putzeys1, Constantinus Politis3, Jan
Wouters1, Greet Kerckhofs2, Nicolas Verhaert4
1
ExpORL, KU Leuven, 2Institute of Mechanics, Materials, and Civil Engineering, UCLouvain, KU Leuven,
IREC, Institute of Experimental and Clinical Research, UCLouvain, Woluwé-Saint-Lambert, 3OMFS
IMPATH, KU Leuven, UZ Leuven, University Hospitals of Leuven, 4ExpORL, KU Leuven, Leuven, UZ Leuven,
University Hospitals of Leuven
Background
A cochlear implant (CI) is a medical prosthesis that restores auditory perception in individuals, suffering from
severe perceptive hearing loss. An important risk of CI surgery remains electrode insertion trauma, which
occurs in up to 40% of insertions and can have a negative impact on the hearing outcome, especially in the
increasing population of CI-patients with residual hearing. The mechanisms of insertion trauma and preventive
strategies are intensively being studied in human temporal bones and models. However, a commonly available,
non-destructive method for reliable insertion trauma evaluation remains a challenge. Furthermore, there is a
need for scalable models, representative for the cochlear variant anatomy, to enable controlled, repeatable
insertion experiments.
Methods
We have implemented and standardized contrast-enhanced microCT imaging (CE-μCT) for the evaluation of
in total six fresh-frozen human cadaveric cochleae. Hafnium-substituted Wells-Dawson polyoxometalate (HfPOM) was used as a non-invasive contrast-enhancing staining agent (CESA), and its diffusion time throughout
the cochlea was assessed. The CE-μCT results were validated by comparison to histological images of the
same cochleae. In three of these cochleae, trauma was induced after the first imaging, followed by generation
of new CE-μCT datasets. Insertion trauma classification by Eshraghi et al. was subsequently applied on the
scans of the damaged cochleae.
μCT images of two cochleae were used to produce 3D printed models of the scala tympani. Their anatomical
accuracy was quantified as the geometric deviation of the printed 3D model from the original cochlea,
expressed as the Root Mean Square Error (RMSE). The surgical-mechanical accuracy was assessed by
comparing the tactile feedback during insertion of a straight electrode into the models versus 3 fresh-frozen
cadaveric cochleae.
Results
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CE-µCT allowed visualizing not only the mineralized, but also the soft tissues within the cochlea. Sufficient
CESA absorption in the intracochlear soft tissues was systematically achieved after 72h of submersion in the
staining solution. CE-μCT also enabled reliable evaluation of cochlear damage in accordance with insertion
trauma classification by Eshraghi et al.
The anatomical accuracy of 3D printed scala tympani models was within the limits of cochlear anatomical
variability with RMSE ≤ 0.11mm. Surgical-mechanical evaluation revealed that the perceived resistance
during electrode insertion was comparable between the models and the fresh-frozen cochleae.
Conclusions
Our study reports on CE-μCT imaging as a novel non-invasive imaging method for the evaluation of fresh
human cochleae. On the one hand, it enables detailed, quantitative 3D assessment of electrode insertion
trauma, which is crucial to detect damage and unequivocally superior to a limited number of histological 2D
sections. As CE-μCT is a non-destructive method, false positive results for insertion trauma are unlikely and
histology remains possible after imaging. On the other hand, CE-μCT images are a reliable base for
development of anatomically and mechanically accurate, scalable cochlear models.
M29. Role of Brain Oscillations for Information Processing in the Auditory Space Map of Awake
Barn Owls
Binaural Hearing & Sound Localization
Andrea Bae1, Keanu Shadron1, Roland Ferger*1, Jose Luis Pena1
1
Albert Einstein College of Medicine
Background
Brain oscillations evoked by sensory stimuli are fluctuations in field potentials reflecting the combined activity
of neural populations. Specifically, gamma oscillations (25-140 Hz) have been linked to inhibitory input which
shapes population activity in barn owls’ midbrain regions involved in sound localization. Earlier in vivo
recordings in the owl’s optic tectum (OT) have shown that gamma oscillations are spatially tuned to both
visual and auditory information. Whether these oscillations contribute to information processing and/or coding
in the space map or merely reflect spiking activity is yet to be determined. The OT of barn owls, a wellestablished model for sound localization, provides a unique opportunity to evaluate the role of brain
oscillations.
Gamma oscillations are sensitive to anesthesia and have been implicated in awake processes, like attention
and stimulus selection. However, previous studies characterizing gamma oscillations in the barn owl have
relied on light tranquilization with nitrous oxide or anesthesia with ketamine – which may affect gamma
oscillations to different extents. Therefore, recordings in awake owls are imperative to understanding the role
of gamma oscillations in the owl’s sound localization and stimulus selection network.
Methods
In a novel approach, we chronically implanted drives loaded with tetrodes in OT and recorded spikes and local
field potentials. We investigated spontaneous and sound evoked neural activity in the midbrain of awake barn
owls and compared this to recordings from anesthetized animals. Additionally, we compared spontaneous
recordings from anesthetized animals before and after injections of ketamine (usually given every 1-2 hours
to maintain anesthesia) to elucidate the generalizability of anesthetized recordings to awake processes.
Results
Comparing activity pre- and post-injection of ketamine, we show that anesthesia diminishes spontaneous
spiking activity significantly. Power spectra from local field potential recordings in these same recordings also
show increases in power below 10 Hz post-injection, suggesting that low frequency signals are especially
sensitive to anesthesia. The pandemic has delayed our experiments and awake recordings. The first animals
are recovering from implantation surgery as we submit this abstract. We’re confident to record data from
multiple owls before the end of the year.
Conclusions
In this work, we first demonstrate the technical feasibility of chronically implanted electrodes to record from
the avian midbrain. This will bridge our understanding of auditory processes between awake and anesthetized
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states and further our knowledge about the role of brain oscillations in midbrain computations. Comparisons
between recordings from awake and anesthetized animals will allow to assess generalizability between the
two in an already well-known network. In the future, we plan to record from forebrain regions, possibly
simultaneously with OT, to shine light on the interactions across the brain, which have been historically
difficult to study in anesthetized animals.
M30. Heterogeneity of Medial Superior Olivary Dendrites Impacts Binaural Coincidence Detection
Binaural Hearing & Sound Localization
Rebecca Voglewede*1, Bradley Winters2, Nace Golding1
1
The University of Texas at Austin, 2Northeast Ohio Medical University
Background
Sound localization in horizontal space is achieved by detecting the difference in time by which sound arrives
at each ear, the interaural time difference (ITD). Humans perceive these ITDs with angular spatial resolution
of 1° and time resolution of 10μs. The substrate for this rapid ITD processing begins with a dendritic
computation deep within the auditory brainstem in the medial superior olive (MSO).
Within the neural circuitry, excitatory input from each ear is exquisitely segregated via the MSO dendritic
anatomy: the lateral dendrite and medial dendrite receive input exclusively from the ipsilateral ear or
contralateral ear, respectively. Resulting postsynaptic potentials travel down each dendrite to conjoin at the
soma, where their relative temporal synchrony is compared, a process termed binaural coincidence detection.
For optimal coincidence, the external acoustic delay is precisely compensated for by an internal delay,
allowing near simultaneous arrival of binaural inputs at the soma.
Despite their critical role as the loci of binaural coincidence detection, largely overlooked is the idea of the
dendrites themselves contributing to internal delay. Postsynaptic potentials take time to propagate down each
dendrite to the soma, and travel time is affected by dendritic structure. Even small differences between
dendrites on each side could result in considerable differences between signals arriving from each ear in a
binaural comparison.
Methods
Historically, MSO dendritic morphology and physiology have been analyzed as averages, eliminating single
cell variations, largely because: (1) the auditory field has considered MSO neurons fairly homogenous and
treated observed differences as negligible and (2) the low visibility of MSO distal dendrites due to high
myelination of the surrounding trapezoid body has made dendritic recordings difficult. To correlate
morphological and physiological dendritic properties within the same neuron, we used two-photon
fluorescence-guided imaging to provide an unprecedented level of visibility for dual patch clamp
somatodendritic recordings from distal portions of MSO neurons in acute brain slices of Mongolian gerbils.
Results
Our electrophysiological recordings (n=13, 38-137μm from the soma) reveal striking differences in the peak
delay between dendritic and somatic excitatory postsynaptic potentials (EPSPs) even when simulated EPSPs
are generated at similar dendritic distances from the soma. For example, simulated EPSPs generated for 3040μm from the soma produced peak delays ranging from 120-200μs; for 70-80μm: 120-160μs; and for 90100μm: 140-500μs.
Conclusions
While these ranges largely overlap, the spread (max-min: 80µs, 40µs, and 260µs, respectively) observed
within each 10μm distance is noteworthy for all cases considering the gerbil physiological ITD range
(±130µs). To explore how internal delays may be impacted by a complex array of dendritic features beyond
just distance from the soma, we present morphological data on length, diameter, branching, and tapering with
the associated physiology, including the shape (rise time, attenuation) and timing of dendritic EPSPs at the
soma.

pg. 52

The Association for Research in Otolaryngology (ARO)
The 44th Annual MidWinter Meeting
Monday, February 22, 2021, U.S. Eastern Time Zone

M31. Hemisphere-Specific Degradations in Neural ITD Processing Following Unilateral Hearing Loss
are Independent of Alterations in Temporal Rate Coding
Binaural Hearing & Sound Localization
Andrew Curran1, Maike Vollmer*1
1
University Hospital Magdeburg
Background
Unilateral cochlear implants (CIs) allow the functional restoration of binaural hearing in subjects with singlesided deafness (SSD). However, speech perception in noise and directional hearing in these subjects (‘SSDCI users’) is typically poorer than in normal-hearing listeners. Moreover, improvements in directional hearing
in SSD-CI users are primarily based on interaural level differences rather than interaural time differences
(ITDs). One possible explanation for these deficits is that asymmetric hearing may disrupt the hemispheric
balance of binaural auditory circuits that support spatial hearing. Also, a reduction in neural temporal rate
coding to stimulation of the deaf ear may adversely affect the acuity of electric ITD discrimination.
Methods
Here, we characterized the responses of single neurons in the inferior colliculus to electric ITDs in unilaterally
deafened, adult gerbils (SSD duration 15 days) that had been bilaterally implanted with round window
electrodes. This approach largely excluded the possibility of between-ear mismatches in bimodal stimulation
as a confounding factor in binaural processing and allowed us to directly compare ITD coding to low-rate (20
pps) biphasic electric pulses between hemispheres. To test for correlations between ITD processing and neural
temporal coding, interaural differences in spike synchrony (Raleigh strength) to monaural pulse trains of
increasing rates were quantified. Normal hearing (NH), adult gerbils served as controls.
Results
The incidence of ITD-sensitive neurons was similar for NH and SSD animals. Among ITD-sensitive neurons,
SSD led to degradations in the degree of neural ITD sensitivity and ITD discrimination thresholds in both
hemispheres. However, changes were particularly pronounced in the hemisphere contralateral to the deafened
ear. In parallel, population ITD coding in SSD animals was highly asymmetric between hemispheres. As a
result, the intercept of average rate ITD functions from both hemispheres shifted outside the physiological
ITD range. According to ‘two-channel’ models of sound localization, such imbalances in averaged neural
activity between both hemispheres are predictive of poor acuity in ITD discrimination performance.
In NH animals, pulse-locking to electric pulse trains is typically stronger in the hemisphere contralateral to
the stimulated ear. In SSD animals, however, pulse-locking and response strength were reduced in the
hemispheres ipsilateral and contralateral to the deaf ear, resulting in a loss of contralateral pulse-locking
dominance in the hemisphere ipsilateral to the hearing ear. However, pulse-locking limits and ITD sensitivity
were not correlated in either NH or SSD animals.
Conclusions
In summary, adult-onset SSD triggers bilateral and highly asymmetric degradations in ITD processing that
may be a neurophysiological basis for clinical deficits in unilateral hearing loss, such as impaired hearing in
noise and poor directional hearing. The dissociation between ITD sensitivity and temporal rate coding suggests
that pulse-locking limitations in the IC originate at sites beyond the primary binaural nuclei (MSO and LSO).
Supported by DFG VO 640/2-2.
M32. Identification of the Cochlear Duct Progenitor Using Published Single Cell RNA-Sequencing
Data
Cellular/Systems Development
Ryosuke Yamamoto*1, Hiroe Ohnishi1, Takayuki Nakagawa1, Koichi Omori1, Norio Yamamoto1
1
Graduate School of Medicine, Kyoto University
Background
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The inner ear comprises four epithelial domains: cochlea, vestibule, semicircular canals, and endolymphatic
duct. Although these four structures and their boundaries remain unclear in the otic vesicle at E10.5, the region
from which each structure has originated can be determined around this stage (Li et al., J Morphol, 1978). The
cochlear duct is known to be derived from the ventral half of the otic vesicle, while the origin of the vestibule
is the ventral-to-middle part of the otic vesicle. However, the transcriptomic difference between the progenitor
of the cochlear duct and that of the vestibule remains unclear. In this study, we attempted to clarify the
transcriptomic feature of the cochlear duct and the vestibule at the otocyst stage using published data obtained
by single-cell RNA sequencing (RNA-seq).
Methods
Cao et al. published the transcriptome data of 2 million whole-body cells collected from E9.5-13.5 mice (Cao
et al., Nature, 2019). They identified 56 developmental trajectories, including otic epithelial trajectory. We
downloaded single-cell transcriptomes of the 5000 otic epithelial cells. We used Seurat to analyse the data by
Louvain clustering and Uniform Manifold Approximation and Projection (UMAP) visualisation.
Results
We projected 5,000 cells onto a two-dimensional space encoding transcriptional state using UMAP. E9.5 cells
were distributed in the centre, and the other cells at later stages constitute four major cell populations. We
annotated four each cell population using known genes that characterise the four different tissues in the inner
ear. We identified them as the cochlea, vestibule, semicircular canals, and endolymphatic duct. The clusters
for the cochlear duct and the vestibule were segregated already at E10.5. We compared the transcriptome of
the cochlear cluster and the vestibular one and found Rorb was one of the clearest markers that discriminate
the cochlea and the vestibule at E10.5. Our in situ hybridisation showed that Rorb was expressed in the ventral
end of the otocyst at E10.5 and exclusively in the cochlear duct at E11.5, E12.5, and E13.5. Fate-mapping
analysis of Li et al. showed that Rorb had not been expressed in the vestibule by E12.5 (Li et al., Dev Dyn,
2020). Taken together, the cells that are destined to be the cochlear duct are segregated at E10.5, and Rorb
may be one of the earliest markers for the cochlear duct.
Conclusions We visualised the 5,000 single-cell transcriptomes on 2D space and identified the clusters for
the cochlear duct and the vestibule at E10.5. Comparing the transcriptome of the cochlear progenitor and that
of the vestibular progenitor, we found candidates of the earliest markers that discern the cochlear duct ant the
vestibule, that will help elucidate the mechanism of fate determination of the cochlear duct.
M33. The Wnt/G-Protein/PI3K Pathway Regulates Planar Cell Polarity in the Cochlear Sensory
Epithelium Through Rac1 and Gsk3β
Cellular/Systems Development
Andre Landin Malt*1, Shaylyn Clancy1, Connor Smith2, Diane Hwang2, Alice Liu2, Margaret Smith2, Maya
Hatley2, Christopher Clemens2, Xiaowei Lu1
1
University of Virginia School of Medicine, 2University of Virginia
Background
Essential for their function as sound receptors, cochlear hair cells develop a V-shaped stereociliary hair bundle
with a kinocilium tethered at its vertex and align their orientation along the medial-lateral axis of cochlear
sensory epithelium. These events are regulated by the concerted action of the Planar Cell Polarity (PCP)
pathway and several cell-intrinsic planar polarity (iPCP) signaling modules. We have recently discovered a
novel Wnt/G-protein/PI3K pathway that regulates cochlear elongation, kinocilium positioning, and
asymmetric localizations of a subset of core PCP proteins [1]. However, key effectors of this pathway that
mediate specific morphogenetic processes remain to be determined.
Methods
Here, we tested Rac1 and Gsk3β as candidate components of the Wnt/G-protein/PI3K pathway. In other
systems, PI3K and PIP3 play crucial roles in regulating Rac1 signaling, while Akt activation by PI3K leads to
inhibitory phosphorylation of Gsk3β at serine 9. Moreover, Rac1 conditional knockout (cKO) mutants had
similar PCP and iPCP defects compared with blocking Wnt secretion in the cochlear epithelium (WlscKO
driven by Emx2Cre) [1, 2]. Therefore, we asked whether constitutive activation of Rac1 or conditional
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inactivation of Gsk3β can rescue the cochlear defects of WlscKO mutants, including a shortened cochlear
duct, misoriented and misshapen hair bundles, and delocalization of the core PCP proteins Fzd6 and Dvl2.
Results
To this end, we used a Cre-inducible R26-Rac1G12V(R26-Rac1DA) for Rac1 activation in WlscKO mutants.
We found that, while shortened cochlear duct and hair bundle misorientation persisted in WlscKO;R26Rac1DA/+ mutants, kinocilium positioning and hair bundle shape was significantly rescued. Interestingly,
Fzd6 cortical localization was restored, albeit not planar polarized. To assess the involvement of Gsk3β, we
analyzed Gsk3βcKO single and WlscKO;Gsk3βcKO double mutants. Gsk3βcKO single mutants had largely
normal cochlear morphogenesis, indicating that Gsk3β is dispensable for PCP and iPCP. In
WlscKO;Gsk3βcKO double mutants, the cochlear length was partially rescued. Similar to constitutive
activation of Rac1, kinocilium positioning, and hair bundle shape, but not hair bundle orientation, was
significantly rescued. Strikingly, cortical localization of Fzd6 and Dvl2 was also restored, albeit not planar
polarized along the hair cell-supporting cell junctions.
Conclusions
Taken together, these results suggest that the Wnt/G-protein/PI3K pathway activates Rac1 and inhibits Gsk3β
activity to coordinate PCP and iPCP. Of note, either Rac1 activation or Gsk3β inhibition alone was insufficient
to restore hair bundle orientation or asymmetric localizations of Fzd6 and Dvl2, suggesting that they have
non-overlapping functions in PCP regulation. As Gsk3β may be involved in both the canonical Wnt and
Wnt/G-protein/PI3K pathways, we are also evaluating whether forced activation of the canonical Wnt
pathway can rescue WlscKO cochlear defects. These genetic manipulations will allow us to further delineate
the Wnt signaling branches during cochlear morphogenesis.
References

1.LandinMalt,A,WntsregulateplanarcellpolarityviaheterotrimericGprotein/PI3Ksignaling. JCB, 2020.
2.Grimsley-Myers,C.ThesmallGTPaseRacregulatesauditoryhaircellmorphogenesis. JNeurosci, 2009.
M34. Tracking Protein Trafficking to Understand How Outside Signals Polarize the Morphogenesis
of the Hair Bundle
Cellular/Systems Development
Anil Akturk*1, Basile Tarchini1
1
The Jackson Laboratory
Background
Sensory hair cells in the inner ear capture sound-born mechanical stimuli with their hair bundle, an array of
actin-based membrane protrusions (or stereocilia) forming rows of graded height. Although adopting a
staircase-like architecture is essential for hair bundle function, our understanding of the underlying molecular
machinery is incomplete. Our lab previously showed that inhibitory G proteins (GNAI) and their regulator
GPSM2 polarize the hair bundle along both the planar and the apico-basal axes of the epithelium. GPSM2GNAI is first planar polarized at the flat surface of the hair cell (the bare zone), and then enriched at the tip of
stereocilia in the adjacent row 1, a distribution required for proper stereocilia placement and elongation,
respectively. We showed that Myosin-15A transports GPSM2-GNAI to stereocilia tips, where in turn GPSM2GNAI increases Myosin-15A amounts compared to other rows to define the tallest identity of row 1. We
hypothesize that differential trafficking of GPSM2-GNAI to distinct hair cell compartments outside and inside
stereocilia is integral to polarizing the morphogenesis of the hair bundle.
Methods
In order to track GPSM2-GNAI in hair cells with spatial and temporal resolution, we generated knock-in
mouse strains where Gnai3 is tagged with Egfp and Gpsm2 with HaloTag. HaloTag is a versatile hydrolase
that can self-conjugate to various set of ligands, for example cell permeable fluorescent dyes. Egfp signals
reflect the continuous production of GNAI3 in hair cells. In contrast, HaloTag can be pulse-labeled to follow
discrete pools of GPSM2 in time.
Results
pg. 55

The Association for Research in Otolaryngology (ARO)
The 44th Annual MidWinter Meeting
Monday, February 22, 2021, U.S. Eastern Time Zone

To validate the models, we first examined whether the Egfp or HaloTag moieties disrupt GPSM2-GNAI
localization or hair bundle morphogenesis. We did not detect defects in neonates or adults, and auditory
brainstem response recordings showed normal hearing at all frequencies tested in homozygotes. Next, we
labeled HaloTag-GPMS2 neonate cochleae with a fluorescent ligand, explanted the auditory epithelium,
cultured for various time intervals, and fixed the tissue for signal quantification. We also experimented with
a non-fluorescent ligand that can be used as a blocker. We established a pulse-chase protocol where the blocker
is added to the culture medium to outcompete potential lingering fluorescent ligand. The blocker prevents
labeling of newly synthesized HaloTag-GPMS2, which would artifactually slow down signal decay. We
established another protocol to track signal emergence where HaloTag-GPSM2 is first labeled with the blocker
and the fluorescent ligand is added to the culture medium. Using these approaches, we started quantifying
dynamic protein trafficking by hair cell compartment, estimating a HaloTag-GPSM2 half-life of 14.8 hours at
the bare zone, for example. Currently, we are working on expanding this work with live imaging and signal
fluorescence recovery after photobleaching (FRAP).
Conclusions
Based on our initial findings, we anticipate that these tools and approaches will help clarify how GPSM2GNAI promote selective stereocilia growth.
M35. Developmental Redistribution of Synaptic Inputs in the Rat Lateral Superior Olive Occurs in
the Absence of Acoustically Driven Activity
Cellular/Systems Development
Ziqi Wang*1, Deda Gillespie1
1
McMaster University
Background
Principal cells of the lateral superior olive (LSO) integrate excitatory and inhibitory inputs that are precisely
matched for stimulus frequency. How this precise frequency matching is achieved during early life is not well
understood. Indeed, although synapses under both excitatory and inhibitory pathways undergo significant,
physiologically measurable refinement before hearing onset (Kim & Kandler, 2004; Case et al., 2011), we do
not know whether modifications in synapse strength result primarily from alterations in synapse position, size,
or protein expression. In the neighboring medial superior olive (MSO) of gerbil, maturation of inhibitory
synapses involves an experience-dependent re-distribution toward the cell soma (Kapfer et al., 2002). Here,
we examined how excitatory and inhibitory synapses are distributed on rat LSO principal cells soon after birth
and immediately before hearing onset.
Methods
Using tissue from rats aged postnatal day 4 and 11 (P4 and P11), we labeled LSO principal cells, resectioned,
immunostained for VGLUT1 and gephyrin, and imaged at the confocal microscope. We reconstructed the
labeled cells in 3D, segmented synapses associated with the labeled cells in 3D, and analyzed synapse size
and distribution as a function of age.
Results
Between P4 and P11, somatic inhibitory synapses increased by 100% and 70% in mean number and density,
while median postsynaptic volume of these synapses increased by 150%. The population of dendritic synapses
also changed between P4 and P11. Whereas at P4, half of all dendritic inhibitory synapses at P4 were found
throughout the proximal 50 µm of dendrite, and median synapse volume was 0.17 µm3, by P11, half of all
dendritic inhibitory synapses were constrained to the proximal 10 µm of dendrite, and median synapse volume
had increased to 0.25 µm3. During this period, excitatory synapses at the soma decreased by 50% and 60% in
mean number and density, and median presynaptic volume of these synapses increased by 20%. Whereas half
of all dendritic excitatory synapses at P4 were found on the proximal 40 µm of dendrite, and median synapse
volume was 0.20 µm3, by P11, half of all dendritic excitatory synapses were found within 60 µm of the soma,
and median synapse volume had increased to 0.24 µm3. Whereas excitatory synapses outnumbered inhibitory
synapses at the soma at P4 by a factor of 2, at P11 inhibitory synapses outnumbered excitatory synapses at the
soma by a factor of 3.
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Conclusions
Before hearing onset, excitatory and inhibitory synapse show volume changes in the same direction, and
position changes in opposite directions: excitatory synapse density decreases at the soma while inhibitory
synapse density increases at the soma.
M36. Regulation of ERM Proteins and Yap by Integrin Alpha 8 in Hair Cells
Cellular/Systems Development
Marisa Zallocchi*1
1
Creighton University School of Medicine
Background
Integrins are heterodimeric transmembrane receptors involved in mechanosensation and control of focal
adhesion interactions with the extracellular matrix (ECM). They can transmit signals across the plasma
membrane that result in activation of signaling cascades that ultimately regulate cell migration, survival, and
growth. Conversely, intracellular signals can increase the binding of integrins to their extracellular ligand,
resulting in integrin activation. The expression of several integrin sub-units (a2, a3, a6, a8, aV, and b1) has
been characterized in the inner ear, and their function has been associated with neuronal determination, hair
cell (HC) maturation, and immune response after inflammation. We previously shown that integrin alpha 8
(Itga8) interacts with Pcdh15 and by doing so regulates HC maturation and function.
Methods
To identify the effectors involved in Itga8 signaling cascade, we generated an Itga8 knockout (KO) cell line
and performed a kinome analysis.
Results
The kinome analysis showed that in the absence of Itga8, there was a dysregulation of the phosphorylation
state of many proteins associated with actin dynamics. Among those proteins, ezrin-radixin-moesin (ERM)
and Yap proteins were affected. The ERM proteins belong to the FERM (4.1-band ERM) superfamily of
proteins and are essential for linking the actin cytoskeleton to the cell membrane. They are involved in the
organization of specialized membrane domains (i.e., microvilli) and can regulate a variety of signaling
cascades through their interaction with transmembrane receptors. Similar to Itga8, radixin and ezrin localize
at the apical aspect of HCs. Moreover, mutations in radixin are associated with non-syndromic hearing loss in
humans (DFNB24). In the case of Yap, it acts as a transcriptional co-activator involved in proliferation,
regeneration and differentiation. Due to actin cytoskeletal rearrangement or changes in cell surface tensions,
Yap can be activated and translocated into the nucleus where it can associate with the TEAD family of
transcription factor to induce the expression of specific genes. Importantly, ERM proteins can activate the
Hippo signaling cascade, which in turn can phosphorylate Yap, targeting it for degradation. We confirmed
that ERM’s and Yap’s phosphorylation is regulated by Itga8 in the Itga8 knockout cells and in rescued cells
transfected with an Itga8-GFP fusion protein.
Conclusions
These results are prompting us to test the activation state of ERM/Yap in vivo in the Itga8 conditional knockout
mouse line and the involvement of Pcdh15 in their activation. Those experiments are currently underway.
Funding: Bellucci Foundation Award, NIH-R01DC015444, NIH-R01DC015010, USAMRMC-RH170030,
ONR-N00014-18-1-2507, LB692/Creighton.
M37. Efferent Feedback Controls Bilateral Auditory Spontaneous Activity
Cellular/Systems Development
Yixiang Wang*1, Maya Sanghvi2, Alexandra Gribizis2, Yueyi Zhang2, Lei Song3, Barbara Morley4, Daniel
Barson2, Joseph Santos-Sacchi2, Dhasakumar Navaratnam2, Michael Crair2
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Boys Town National Research Hospital
Background
During the prehearing period, patterns of spontaneous firing of IHCs change across development and vary by
tonotopic position in the immature cochlea, feeding variable ascending inputs to central circuits. Furthermore,
during this time period IHCs’ activity is modulated by transient efferent feedback from the medialolivocochlear neurons, which depends on α9/α10 nAChRs and coupled short-conductance potassium (SK2)
channels. Recent studies have shown coordinated spontaneous activity in the inferior colliculi (IC) at P6-P8,
utilizing SNAP25-GCaMP6s mice with wide-field epifluorescent microscopy. The calcium transients,
detected with the GCaMP sensor, manifest as band-shaped bursts that align across the expected future
tonotopic axis in the IC. However, exactly how ascending and descending pathways interact and shape activity
patterns to instruct circuit formation remain largely unexplored.
Methods
We used wide-field calcium imaging to assess mesoscopic spontaneous activity in the two hemispheres of
inferior colliculi and/or auditory cortices simultaneously. We analyze bilateral spontaneous activity in the
control (SNAP25-GCaMP6s) animals at different pre-hearing stages (P0-P13), and in the α9/α10 nAChRs
knockout animals. We used acute in vivo pharmacology (round window delivery) and cell-type specific
chemogenetics (post-semicircular canal injections of retrograde viruses expressing DREADD receptors in
ChAT-Cre animal) to investigate the role of medial olivocochlear neurons in mediating bilateral auditory
spontaneous activity. We developed novel software and platform to probe auditory thresholds based on
calcium responses in the inferior colliculus at hearing onset, which is elusive to traditional method such as the
ABR.
Results
Our results revealed a changing profile of in vivo spontaneous activity and evolving bilateral connectivity in
the auditory system that peaks early in the pre-hearing period and slowly declines prior to hearing onset.
Intriguingly, the strength of bilateral coupling matched the time course of a transient cholinergic modulation
imposed on inner hair cells by the medial-olivocochlear (MOC) efferent system. Mice lacking the α9/α10
nicotinic acetylcholine receptor (nAChR), a necessary constituent of efferent modulation, displayed severely
disrupted bilateral correlations. Chemogenetic and pharmacological experiments in vivo, used to acutely
manipulate pre- and post-synaptic components of the efferent circuits, indicate that the MOC system was
necessary and sufficient to enforce bilateral coupling. Finally, we observed a significant elevation of auditory
thresholds at hearing onset in α9/α10 nAChR knockout mice assessed by wide-field calcium imaging in the
central auditory circuits.
Conclusions
We demonstrate that the medial olivocochlear efferent system provides strong bilateral coordination of
spontaneous activity in the developing auditory system before hearing onset that is critical to the development
of normal auditory function. External auditory inputs are bilaterally correlated by nature. We propose a new
role of efferent modulation during the highly plastic prehearing period: It preserves fundamental features of
bilaterally correlated sound, instead of confusing developing circuits with two independent streams of
information from each cochlea.
M38. Open Board
M39. Liquid-Infused Tympanostomy Tubes Allow for Biofouling Resistance and Improved Fluid
Transport Properties: An Update on the Animal Studies
Clinical Otolaryngology & Pathology
Ida Pavlichenko*1, Cathy Zhang2, Haritosh Patel2, Jack Alvarenga2, Cyrille Sage3, Joanna Aizenberg4, Elliott
Kozin5, Aaron Remenschneider5
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Background
Otitis media (OM) is the leading cause of healthcare visits in the world, affecting more than 700 million people
worldwide and accruing a significant economic burden of over $5 billion annually in direct and indirect costs
in the US alone. By 3 years of age, 25-40% of children have had ≥3 episodes of AOM; following an episode
of AOM, approximately 50% of children have an effusion behind the tympanic membrane at one month, 20%
at two months and 10% at three months.
Current treatment of recurrent acute OM and chronic OM with effusion is myringotomy surgery with
tympanostomy tube (TT) insertion, in which a small tube is inserted into the tympanic membrane to ventilate
and drain fluids out of the middle ear. To help resolve infection and otorrhea, tube insertion is commonly
supplemented with a regimen of topical antibiotics.
However, due to their lumen geometry and material composition, existing TTs are not optimized for reliable
delivery of drugs into the middle ear and frequently become occluded by cellular debris, pathogenic bacteria,
blood, and pus. Such challenges hinder OM treatment and prompt invasive TT replacement surgeries.
Methods
To combat these challenges simultaneously, we have developed TTs with a novel bio-inspired biocompatible,
and non-ototoxic material design that synergistically reduces the pressure barrier for drugs to penetrate into
the middle ear and suppresses bioadhesion, thus maximizing the therapeutic benefit of topical drugs and
facilitating earlier eradication of infection. We have assessed the in vivo performance of the TTs for promoting
more efficient drug delivery in a gold-standard OM chinchilla model.
Results
We show that novel TTs allow typical doses of common antibiotic suspensions (e.g. Ciprodex®) to be
transported spontaneously across a tympanic membrane, while rejecting the penetration of water and enabling
mucin drainage in the opposite direction. Moreover, the tubes’ liquid-infused materials suppress the adhesion
of blood, keratinocytes, fibroblasts, and biofilms (including clinical isolates of non-typeable H. influenzae),
and reduce inflammation in the tympanic membrane, showing promise for reducing TT-associated
complications in vivo.
Conclusions
In conclusion, we demonstrate that the rational design of the TT geometry and surface properties can
significantly improve the efficacy of the TTs in terms of the biofouling resistance, drainage of the effusion
from, and delivery of the therapeutic drops of interest into the middle ear.
M40. Surgical Approach to the Facial Recess Influences the Acceptable Trajectory of Cochlear
Implantation Electrodes
Clinical Otolaryngology & Pathology
Bridget Copson*1, Sudanthi Wijewickrema1, Xingjun Ma1, Yun Zhou1, Jean-Marc Gerard1, Stephen O'Leary1
1
) University of Melbourne
Background
With the aim of minimising electrode insertion trauma, it has been suggested that an optimal vector should
align coaxial to the centreline of the scala tympani. While it has been suggested that adequate dissection of
the facial nerve is required to maximise opportunities for optimal insertion, there is paucity of data
investigating the impact of thoroughness of facial recess preparation on the availability of appropriate
electrode trajectories.
Methods
Imaging data was assessed from eight cadaveric temporal bones within the University of Melbourne Virtual
Reality (VR) Temporal Bone Surgery Simulator. The facial recess was prepared in stages of exposure and
straight-line trajectories were calculated using various diameters of a ‘virtual electrode’. Both cochleostomy
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and round window membrane (RWM) insertion approaches were assessed. Visual representations of the
acceptable trajectories were mapped using heatmaps.
Results
Acceptable virtual electrode trajectories were found for seven of the eight temporal bones with both RWM
and cochleostomy approaches. When the RWM approach was assessed, appropriate trajectories were more
likely to lie in the superior aspect of the facial recess, adjacent to the facial nerve. When the cochleostomy
approach was assessed, appropriate trajectories were more likely to lie at the junction of the chorda tympani
and facial nerve, inferiorly within the facial recess. The variation in diameter of the virtual electrodes had
marginal impact on the available trajectories.
Conclusions
These findings emphasis the differences in location within the facial recess that the acceptable straight-line
trajectories originate for electrodes when implanted via the round window or cochleostomy. However, there
were notable exceptions to both surgical approaches and this is likely due to variation in anatomy of the hook
region.
M41. Exploring the Pathological Mechanisms of miR-96 Mutations in the Inner Ear
Genetics A: Genomics and Gene Regulation
María Lachgar*1,2, Morag A Lewis1, Francesca di Domenico1, Matías Morín2, Sergio Fernández Peñalver2,
Miguel Ángel Moreno-Pelayo2, Karen P Steel1
1
Wolfson Centre for Age-Related Diseases, King's College London, 2Hospital Universitario Ramón y Cajal
and IRYCIS and CIBERER
Background
Hearing loss is the most common sensory deficit in humans and it has a strong genetic component. The
microRNA miR-96 is important for hearing, as it acts as a transcriptional regulator in the inner ear and
coordinates hair cell maturation. Point mutations in the seed region of miR-96 cause dominant progressive
hearing loss in humans and mice. Our group has previously characterized two different miR-96 mutant alleles:
an ENU-induced point mutation (Mir96<Dmdo>) and a null allele (Mir183/96<dko>). Here, we present two
new mouse mutants carrying two point mutations which were first identified as underlying progressive hearing
loss in humans (Mir96<s403> and Mir96<s1334>). This study aims to determine the specific physiological,
structural and molecular features of the hearing loss caused by MIR96 mutations.
Methods
Auditory brainstem response (ABR) measurements were performed at different ages to determine the onset of
the hearing impairment. Scanning electron microscopy was used to define the morphology of the hair bundles
and immunolabelling of pre- and post-synaptic markers (CtBP2 and GluA2, respectively) followed by
confocal imaging was used to look for synaptic defects. To determine how the different mutations affect the
gene expression profile, we performed RNAseq of the organ of Corti and the suggested misregulation of key
genes was confirmed by quantitative real-time PCR (qRTPCR). We are currently using several approaches
such as gene set enrichment analysis (GSEA) to construct the miR-96 regulatory network and to identify
potential therapeutic targets to treat hearing loss.
Results
Our results indicate that the two mutations lead to different physiological, structural and transcriptional
phenotypes. Homozygotes of both mouse lines exhibit profound hearing loss and Mir96<s1334> heterozygous
mice have a mild progressive hearing loss. However, Mir96<s403> heterozygotes show normal auditory
sensitivity up to 6 months old, in contrast to people carrying one copy of the equivalent mutation who exhibit
progressive hearing loss. Structural analyses showed hair cell degeneration and misshapen hair bundles in
both mutants, with Mir96<s1334> mice being more severely affected. Preliminary results indicate a reduction
in the number of inner hair cell synapses in Mir96<s403> homozygotes.
Conclusions
We have determined that the structural phenotype of Mir96<s1334> mice is more severe than that of
Mir96<s403> mice, consistent with the audiological features displayed by humans carrying those mutations.
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However, the lack of hearing impairment in Mir96<s403> heterozygotes in contrast to the human findings
might indicate that mutant miR-96 is acquiring different targets in mice and humans. The identification of the
critical pathways underlying hearing impairment will ultimately allow the pharmacological modulation of the
miR-96 regulatory network for the prevention or delay of hearing loss.
M42. Identification of Putative GATA3 Regulatory Elements and Comparison of GATA3
Immunostaining Across Rodent, Monkey, and Human Cochleae
Genetics A: Genomics and Gene Regulation
Sumana Ghosh*1, Robert Wineski1, Ivan Lopez2, Akira Ishiyama3, Punam Thapa1, Brad Walters1
1
University of Mississippi Medical Center, 2David Geffen School of Medicine at UCLA, 3UCLA
Background
The transcription factor GATA3 plays a critical role in the development of neurons and sensory epithelia of
the inner ear. In mouse cochleae, GATA3 is lost from certain supporting cells (SCs) and from type I spiral
ganglion neurons (SGNs) after development. The loss of GATA3 from SCs restricts Atoh1-induced hair cell
(HC) regeneration and suggests that a similar downregulation in human cochleae may be limiting for
regenerative therapies. However, it is unknown whether GATA3 is similarly or differentially regulated in
primates versus rodents.
Methods
Traditional sequence-based approaches to identify potential regulatory elements look specifically for
conservation across species. However, this approach fails to identify potential regulatory regions that are not
conserved. Here, using human CAGE-seq data as the starting point, we identified over 40 putative GATA3
regulatory elements. To determine GATA3 expression across species, we immunolabelled the cryosections of
adult mouse, rat, macaque and human temporal bone samples with GATA3 antibodies from three different
vendors. All the samples were imaged using Nikon C2+ confocal microscope or Zeiss LSM880 confocal
microscope.
Results
Alignment of the human GATA3 regulatory regions from CAGE-seq data to mouse, rat, and macaque
genomes showed several regions to be highly conserved, many of which already validated in the literature as
GATA3 regulatory elements. However, several of the identified sequences were not conserved, particularly
between rodents and primates. Therefore, to assess whether cochlear GATA3 distribution is similar or
different between rodents and primates, we immunostained cochlear tissues from mice, rats, macaques, and
humans using antibodies raised against highly conserved GATA3 peptide sequences. GATA3 immunostaining
in the organs of Corti from all four species revealed a large degree of overlap, where SCs medial and lateral
to cochlear HCs exhibited robust nuclear GATA3 immunolabeling, but pillar and Deiters’ cells had
significantly reduced GATA3 immunoreactivity. In all four species, GATA3 was expressed in a subset of
SGNs that largely co-expressed peripherin suggesting they were type II SGNs. However, there was one
noticeable difference, wherein human cochlear inner HCs were not GATA3 immunoreactive despite inner
HCs in all three of the other species being GATA3 positive
Conclusions
Thus, we identify here several potential GATA3 regulatory elements that are not conserved between humans
and mice, a unique pattern of GATA3 downregulation in human cochlear inner HCs, and the general
conservation of GATA3 distribution across rodent and primate species with regard to cochlear SCs and SGNs.
These findings reinforce the notion that ATOH1-mediated regenerative therapies may be limited by low
GATA3 expression in adult SCs, but also highlight how forced expression of GATA3 in transdifferentiating
SCs, especially if permanent, could cause a failure to recapitulate the native expression profile of endogenous
human HCs.
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M43. Functional Characterization of Deafness-Associated SLC26A5 Variants
Genetics B: General
Satoe Takahashi*1, Kazuaki Homma1
1
Northwestern University Feinberg School of Medicine
Background
SLC26A5, also known as prestin, mediates voltage-dependent somatic motility (electromotility) of cochlear
outer hair cells (OHCs). Although prestin is known to be essential for high sensitivity and frequency selectivity
of mammalian hearing, only a limited number of deafness associated SLC26A5 variants have been reported
thus far. In this study, pathogenic effects of three deafness-associated prestin missense variants p.A100T
(c.298G>A), p.P119S (c.355C>T), and S441L (c.1322C>T) were investigated in vitro to determine their roles
in hearing loss in patients.
Methods
A100T, P119S, and S441L variants were generated in gerbil prestin using standard site-directed mutagenesis
and placed with a C-terminal mTurquoise2 tag in a pSBtet-Pur vector (Addgene), which allows doxycyclinedependent expression. Chicken and zebrafish prestin orthologs were also mutagenized to generate variants
that were equivalent to those of gerbils. Stable cell lines that express these prestin variants were established
using HEK293T cells as described before (Wasano et al., 2019). Nonlinear capacitance (NLC), a proxy of
electromotility, was measured using cell lines expressing gerbil prestin and its variants, and their transporter
activities were assessed using cell lines expressing chicken and zebrafish prestin and their variants. Expression
and plasma membrane (PM) targeting was confirmed by fluorescence microscopy.
Results
NLC was clearly detected in both A100T and P119S variants, though partially reduced as compared to wild
type (WT) prestin. NLC was absent in S441L variant. Similarly, transporter activity was present in both
A100T and P119S variants, whereas the activity was barely detected in S441L variant. Fluorescence
microscopic observation suggests that the lack of function seen in the S441L variant is due to impaired plasma
membrane (PM) targeting.
Conclusions
Of the three deafness-associated prestin variants, S441L seems to have PM-targeting issue. It is thus probable
that the S441L variant is pathogenic. On the other hand, A100T and P119S variants were functional, albeit
partially impaired, in both NLC and transporter measurements. Given that reduced prestin activities does not
immediately result in deafness (Yamashita et al., 2012), their roles in pathogenesis is unclear. These
observations warrant further investigation in vivo to definitively assess the pathogenicity of these prestin
variants.
This work is supported by NIDCD (DC017482 to KH) and the Knowles Hearing Center.
M44. AAV Gene Therapy Rescues Hearing in a Mouse Model of SYNE4 Deafness
Genetics B: General
Shahar Taiber*1, Roie Cohen1, Ofer Yizhar-Barnea1, David Sprinzak1, Jeffrey Holt2, Karen B. Avraham1
1
Tel Aviv University, 2Harvard Medical School/Boston Children's Hospital
Background
Pathogenic variants in SYNE4 are known to cause deafness in humans (DFNB76) and mice. The SYNE4 gene
encodes nesprin 4, a component of the linker of nucleoskeleton and cytoskeleton (LINC) that couples nuclear
components to the cytoskeleton and mediates nuclear polarization.
Methods
We used AAV9-PHP.B, a recently developed synthetic adeno-associated virus, to deliver the coding sequence
of Syne4 into the inner ears of neonatal Syne4-/- mice.
Results
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We show that AAV9-PHP.B transduces all IHC and OHC following an injection into the posteriorsemicircular canal at P0-P1.5. In addition, we observe rescue of hair cell morphology and survival, and
preservation of auditory function auditory-associated behaviors, without observed adverse effects, in Syne4/- mice injected with AAV9-PHP.B.Syne4. Some mice show unexplained deterioration of hearing function
over time raising questions regarding the long-term durability of the treatment. We show that auditory
brainstem-response (ABR) thresholds are correlated to OHC and not IHC survival, suggesting that deafness
in Syne4-/- mice, and rescue of hearing, are dependent on OHC function.
Conclusions
While the exact time window for intervention in humans is not clear, the gradual progressive hearing loss
observed in humans seems encouraging. Our results suggest that this approach of gene therapy could
potentially prevent hearing loss in humans with SYNE4 deafness.
M45. The Role of Hypoxia-Adaptive MicroRNAs in Acquired Sensorineural Hearing Loss
Genetics B: General
Sina Safabakhsh*1, Morgan Nunez2, Printha Wijesinghe1, Desmond Nunez1
1
University of British Columbia, 2University of Aberdeen,
Background
Sensorineural hearing loss (SNHL) is an increasingly prevalent sensory deficit presenting most commonly as
age-related hearing loss which affects up to 94% of Canadians aged 70 years and older. Other forms of SNHL
include sudden sensorineural hearing loss and noise trauma induced SNHL. Recent evidence has pointed to
oxidative stress as a common pathogenic pathway in most subtypes of acquired SNHL. Reliable and specific
indicators of inner ear oxidative stress will facilitate clinical and research progress in this area. MicroRNAs
(miRNAs) are small non-coding RNA sequences that suppress target mRNA translation and affect
downstream processes. Many studies have shown that miRNAs are integral biomolecules in hypoxia-adaptive
responses. This study reviews the evidence for hypoxia-adaptive microRNAs (hypoxamirs) that play a role in
different types of acquired SNHL.
Methods
The electronic bibliographic databases PubMed, Ovid MEDLINE, Ovid EMBASE, and Web of Science Core
Collection were searched independently by two investigators for articles published in English from the
inception of the database to the end of July 2020. Text word or medical subject heading searches of all fields,
titles, abstracts, or subject headings depending on the database were undertaken with combinations of the
words “microRNAs”, “hypoxia”, “hypoxamiRs”, “oxidative stress”, “ischemia” and “hearing loss”. The
reference lists of studies meeting the inclusion criteria were searched to identify additional relevant studies.
The inclusion criteria included relevant clinical studies with human subjects and animal and in-vitro
experiments. The risk of bias was assessed independently by two investigators using the Cochrane risk of bias
assessment tool for human studies and the Systematic Review Center for Laboratory animal Experimentation
(SYRCLE) risk of bias assessment tool for animal model and in-vitro studies.
Results
A total of 15 primary articles were selected for full text screening after excluding duplicates, reviews, retracted
articles, and articles published in non-English languages. Of these, 10 articles fulfilled the study inclusion
criteria. All 10 articles were from pre-clinical and in-vitro models and were assessed to be at low risk of bias.
MiRNAs miR-34a and miR-29b were reported to be involved in SNHL in inner ear cell models exposed to
oxidative stress. Signaling pathways Sirtuin 1/peroxisome proliferator-activated receptor gamma coactivator1-alpha (SIRT1/PGC-1α), SIRT1/p53, and SIRT1/hypoxia-inducible factor 1-alpha (HIF-1α) were recognized
as underlying molecular mechanisms in SNHL.
Conclusions
There is evidence that miR-34a and -29b may be involved in oxidative stress models of acquired SNHL.
Further studies are required to determine if these findings translate to the clinical environment.
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M46. A Novel Homozygous Variant of SERPINB6 Causes Non-Syndromic Hearing Loss in a Chinese
Family Carried Benign CNV of TCOF1
Genetics B: General
Yu Lu*1, Mingjun Zhong1, Jing Cheng1, Huijun Yuan2
1
West China Hospital, Sichuan University, 2Southwest Hospital, Chongqing
Background
In 13,706 Chinese subjects with hearing loss, massively parallel sequencing (MPS) was performed, and
followed by in-house bioinformatics pipeline to identify SNVs, indels, CNVs and SVs. Although several
CNVs of hearing loss gene have been detected by using this in-house MPS dataset, there were still some
challenges in pathogenicity analysis of CNV.
Methods
SNVs and CNVs were identified in the proband of a Chinese hearing loss family. Sanger sequencing were
performed in three affected siblings and the unaffected parents to confirm the breakpoints of CNV and
segregation of variants identified in the proband.
Results
All the affected siblings, which exhibited post-lingual progressive severe neurosensory hearing loss, were
homozygous of p.Glu246Ter (NP_001258752) in SERPINB6, while the unaffected parents carried this
heterozygous variant in SERPINB6. Besides, in the proband and his father, we identified a heterozygous exon
9 deletion of TCOF1, which was a causative gene of autosomal dominant Treacher-Collins syndrome. Both
subjects carried this CNV did not show clinical characters of Treacher-Collins syndrome. Since the exon 9 to
exon 10 deletion was reported as the causative CNV of a Chinese family with Treacher-Collins syndrome, we
investigated the difference between the CNVs both containing exon 9 of TCOF1. Breakpoint analysis revealed
that the exon 9 deletion led to a 195bp in-frame deletion, which encoded a segment of Treacle repeats,
however, the consequence of exon 9 to exon 10 deletion was frameshift. Most of the pathogenic variants in
TCOF1 were truncating variants.
Conclusions
We explored a family with non-syndromic hearing loss caused by a novel nonsense variant in SERPINB6.
Phenotype-genotype analysis suggested the exon 9 deletion of TCOF1 was benign for Treacher-Collins
syndrome. Our report highlights the significance of genotype-phenotype analysis and the benefit of Sanger
sequencing in breakpoint identification.
M47. TMC Proteins are Essential for Zebrafish Hearing Where TMC1 is Not Obligatory
Hair Cells: Anatomy & Physiology
Brian McDermott*1, Zongwei Chen1, Shaoyuan Zhu1, Kayla Kindig1, Shengxuan Wang1, Shih-Wei Chou1,
Robin Davis1, Michael Dercoli1, Hannah Weaver1, Ruben Stepanyan1
1
Case Western Reserve University
Background
Perception of sound is initiated by mechanically gated ion channels at the tips of stereocilia. Mature
mammalian auditory hair cells require transmembrane channel-like 1 (TMC1) for mechanotransduction, and
mutations of the cognate genetic sequences result in dominant or recessive heritable deafness forms in humans
and mice. In contrast, zebrafish lateral line hair cells, which detect water motion, require Tmc2a and Tmc2b.
Methods
Here, we use standard and multiplex genome editing in conjunction with functional and behavioral assays to
determine the reliance of zebrafish hearing and vestibular organs on Tmc proteins.
Results
Surprisingly, our approach using multiple mutant alleles demonstrates that hearing in zebrafish is not
dependent on Tmc1, nor is it fully dependent on Tmc2a and Tmc2b. Hearing however is absent in triplemutant zebrafish that lack Tmc1, Tmc2a and Tmc2b.
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Conclusions
These outcomes reveal a striking resemblance of Tmc protein reliance in the vestibular sensory epithelia of
mammals to the maculae of zebrafish. Moreover, our findings disclose a logic of Tmc use where hearing
depends on a complement of Tmc proteins beyond those employed to sense water motion.
M48. Automated Utricular Hair Cell Counting by Digital Image Analysis Based on Nuclear Staining
Hair Cells: Anatomy & Physiology
Cathy Yea Won Sung*1, Melanie Barzik2, LIZHEN WANG3, Tucker Costain2, Lisa Cunningham2
1
National Institute of Health, 2National Institute on Deafness and Other Communication Disorders, 3National
Institutes of Health/Global Solutions Network
Background
Aminoglycoside antibiotics are used to treat bacterial infections, and cisplatin is used to treat a variety of
cancers. Both aminoglycosides and cisplatin are toxic to sensory hair cells (HCs), resulting in hearing loss
and/or balance disturbances. Our lab utilizes ex vivo preparations of adult mouse utricles to study the
mechanisms underlying ototoxic HC death. The utricle model system is the best-characterized in vitro
preparation of mature mammalian HCs. However, quantification of cultured HCs is time-consuming, laborintensive, and somewhat subjective. In addition, the commonly used HC marker Myosin7a results in a diffuse
cytoplasmic stain that is not conducive to automated quantification. More importantly, Myosin7a
immunolabeling is retained in dead HCs, making it impossible to accurately quantify the percentage of
surviving vs. dead/dying HCs after ototoxic drug treatment (Monzack et al., 2015). Here we have developed
a method of semi-automated quantification of surviving HCs in utricle preparations.
Methods
We treated utricles from Gfi-Cre x Rosa26-tdTomato mice with CellEvent™(ThermoFisher), a reporter of
activated caspase3/7 in apoptotic cells. Utricles were stained for Myosin7a and Pou4f3, which yields a specific
and discrete nuclear signal. We then utilized the binary function within ImageJ to define the nuclear Pou4f3
signal and automate the quantification of HCs in the entire utricle. In addition, we developed a macro that
automates the process from image loading to a final quantified image. The user is then able to manually correct
any mis-quantification via an image overlay.
Results
HC counts performed by three individuals showed that the average time required to manually count 25003000 HCs per utricle was 63.06±24.44minutes, while the semi-automated method required only
32.22±11.01minutes (unpaired t-test, p<0.0001). Additionally, in 180,000μm2, neomycin-treated utricles
contained 90.06±12.33 HCs that were double-labeled with Myosin7a and activated caspase 3/7, indicating
that these HCs were dead/dying. Pou4f3 immunoreactivity was a better indicator of living HCs, with
13.25±8.52/180,000μm2 HCs in neomycin-treated utricles being Pou4f3+/caspase3/7+ (one-way ANOVA
and Tukey’s test, p<0.0001). In contrast to neomycin, cisplatin led to accumulation of dead HCs that retained
both Myosin7a and Pou4f3 expression. 7.20±4.27% of Myosin7a+ HCs and 6.57±3.64% of Pou4f3+ HCs
were dead/dying in cisplatin-treated utricles. We confirmed these finding by quantifying tdTomato expression
in HCs, which we previously demonstrated is a reliable live HC marker. Overall, these data indicate that
objective, automated cell counting saves time, and they emphasize the importance of using an apoptotic
marker to identify dead/dying cells.
Conclusions
The semi-automated method significantly reduces the time required to quantify HCs in utricle cultures while
simultaneously increasing the accuracy of quantification and the identification of surviving vs. dead HCs.
M49. TMC Reliance is Biased by the Hair Cell Subtype and Position Within the Ear
Hair Cells: Anatomy & Physiology
Shaoyuan Zhu*1, Zongwei Chen1, Haoming Wang1, Brian McDermott1
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Case Western Reserve University
Background
Hair cells are heterogenous, enabling varied roles in sensory systems. An emerging hypothesis is that the
transmembrane channel-like (Tmc) proteins of the hair cell’s mechanotransduction apparatus vary within and
between organs to permit encoding of different mechanical stimuli. Five anatomical variables that may
coincide with different Tmc use by a hair cell within the ear are the containing organ, cell morphology, cell
position within an organ, axis of best sensitivity for the cell, and the hair bundle’s orientation within this axis.
Methods
Here, we test this hypothesis in the organs of the zebrafish ear using a suite of genetic mutations.
Results
Transgenesis and quantitative measurements demonstrate two morphologically distinct hair cell types in the
central thickness of the lateral crista: short and tall. In contrast to what has been observed, we find that tall
hair cells that lack Tmc1 generally have substantial reductions in mechanosensitivity. In short hair cells that
lack Tmc2 isoforms, mechanotransduction is largely abated. However, hair cell Tmc dependencies are not
absolute, and an exceptional class of short hair cells that depends on Tmc1 is present, termed a short hair cell
erratic. To further test anatomical variables that may influence Tmc use, we mapped Tmc1 function in the
saccule of mutant larvae that depend just on this Tmc protein to hear. We demonstrate that hair cells that use
Tmc1 are found in the posterior region of the saccule, within a single axis of best sensitivity, and hair bundles
with opposite orientations retain function.
Conclusions
Overall, we have determined that Tmc reliance in the ear is dependent on the organ, subtype of hair cell,
position within the ear, and axis of best sensitivity.
M50. Functions of NEDD4-2 in the Auditory Portion of Mouse Inner Ear
Hair Cells: Anatomy & Physiology
Ronald Pouyo*1, Nicolas Thelen1, Amandine Czajkowski1, Yamina Gourari1, Mary Pressé1, Marc Thiry1,
Laurent Nguyen1, Hiroshi Kawabe2, Laurence Delacroix3, Brigitte Malgrange3
1
University of Liege, 2Max Planck Institute of Experimental Medicine 3GIGA-Neurosciences, University of
Liege, C.H.U. Sart Tilman, Liege
Background
Given the importance of protein ubiquitination in controlling various critical biological processes during
development, together with a recent report identifying deafness-associated mutations in the human gene
encoding the E3 Ubiquitin-ligase NEDD4L (Neurally Expressed and Developmentally Downregulated 4like), we plan to uncover its implication in cochlear development and function.
Methods
Immunohistochemistry, in situ hybridization, Scanning Electron Microscopy, Confocal Microscopy, Yeasttwo-hybrid, Auditory Brainstem Response
Results
We first characterized the spatio-temporal expression profile of Nedd4-2, the mouse ortholog of Nedd4L,
together with the closely related Nedd4-1 gene. In situ hybridization and immunohistochemistry experiments
allowed us to confirm the presence of Nedd4-1 and Nedd4-2 transcripts during the embryonic stages of
cochlear development. Both mRNAs are present in the sensory epithelium and the spiral ganglion. After birth,
Nedd4-1 expression persists in these tissues, while Nedd4-2 transcripts were undetectable. To elucidate the
role of Nedd4-2 in the inner ear, we generated conditional knockout (cKO) of Nedd4-2 in the inner ear by
mating Foxg1-cre transgenic mice with Nedd4-2 Flox/flox mice. Histological analyses, Scanning Electron
Microscopy, and specific immunostainings indicate that Nedd4-2 cKO cochleae develop normally during
embryonic and early postnatal stages. However, similar studies performed at postnatal day 30 (P30) and later
suggest an early degeneration of the hair cells and their innervating spiral ganglion neurons. Interestingly,
cochlear cell loss in Nedd4-2 cKO animals follows a basal-to-apical gradient, similar to age-related or soundinduced hearing loss. Starting as early as P18, Nedd4-2 cKO are deaf, as shown by the total absence of signal
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in their auditory brainstem response at 90 dB. These results suggest that the severe hearing impairment
impacting Nedd4-2 cKO precedes the cochlear cell loss observed around P45.
Conclusions
Altogether, our results suggest a significant contribution of the E3 ubiquitin ligase Nedd4-2 in the developing
cochlea. We are currently combining different approaches using a combination of yeast-two-hybrid, gain- and
loss-of function experiments and biochemical assays to uncover the specific substrates of Nedd4-2 in the
cochlea.
M51. Updates on SLC26A6 (A6) Structural Studies by Cryo-Em
Hair Cells: Anatomy & Physiology
Alexei Surguchev*1, Kirill Grushin1, Alberto Rivetta1, Jun-Ping Bai1, Frederick Sigworth1, Dhasakumar
Navaratnam1, Joseph Santos-Sacchi1
1
Yale School of Medicine
Background
SLC26A6 (A6) a member of the SLC26 family of anion transporters, is responsible for transporting oxalate,
sulfate, and bicarbonate. SLC26A6 is the closest family member to prestin (SLC26A5), responsible for outer
hair cell electromotility. A6 is an anion-exchanger/transporter expressed in the apical membrane of the kidney
proximal tubule. The molecular mechanism which allows it to transport anion is currently unclear. The current
7+7 inverted repeat model is based on homology modeling of three distant family members SLC26Dg, UraA,
and AE1. A recently published structure of SLC26A9 offers a significant advancement, however the low
sequence homology and potential differences in some structural features, urges us to gain an A6-specific
structural information. This is a prerequisite to a clear understanding of its functions as a transporter on a
molecular level. Here, we discuss our continuous efforts in optimizing expression, purification, and eventually
probing the usability of SLC26A6 for structural studies by Cryo-EM.
Methods
SF9 insect cells infected with A6-GFP baculovirus were used for expression. Membranes were extracted and
A6-GFP was subjected to a two-step purification procedure of affinity and SEC chromatography in the
presence of the non-ionic detergent. SEC peak fractions were analyzed by negative staining (NS) EM. A6GFP from the peak fractions were loaded on carbon grids, vitrified, imaged on a FEI Glacios Cryo-EM
microscope, and analyzed using Relion single particle software package.
Results
A6-GFP eluted as a single monodisperse peak by absorbance and fluorescence readouts. Its monodispersity
was confirmed by negative staining. Cryo-EM particles were averaged in 20 2-D classes. The data suggest a
multimeric structure. 3D models were generated and aligned to the published structure of SLC26A9,
suggesting good size and fitment match.
Conclusions
Cryo-EM data set needs improvement in number of particles and their homogeneity in order to attempt high
resolution reconstruction.
M52. Elucidating the Elastic Properties of the Protocadherin 15 Dimer, a Critical Mediator of Human
Hearing
Hair Cells: Anatomy & Physiology
Camila Villasante*1, Ahmed Touré1, Tobias Bartsch1Albert Hudspeth2
1
Rockefeller University, 2Howard Hughes Medical Institute
Background
The transformation of sound waves into neural signals, a process known as mechanotransduction, occurs at
hair bundles located within the inner ear. When a stimulus deflects a hair bundle towards its tall edge, the
gating springs atop each stereocilium on the hair cell are tensed. These gating springs control the precise and
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sensitive opening of transduction channels by modulating the tension that reaches their molecular gates.
Although the precise molecular identity of the gating spring remains uncertain, a candidate is the filamentous
tip link that connects each stereocilium to its tallest neighbor. This link comprises two parallel molecules of
protocadherin 15 (PCDH15) and two of cadherin 23 (CDH23) that interact through a ‘handshake’. Both the
handshake and the cadherin domains in PCDH15 and CDH23 are stabilized against unfolding by Ca2+. Our
measurements with a high-precision optical trap have shown that an individual monomer of PCDH15 acts as
an entropic spring that is much softer than would be expected from its enthalpic elasticity. Building upon this
previous work, we hypothesized that dimeric PCDH15 has the appropriate physical properties to be a
component of the gating spring. Using the same optical trap, we performed experiments on the PCDH15 dimer
to assess its response to smooth ramps of force.
Methods
In the optical-trap apparatus, a single PCDH15 dimer is tethered between a pedestal bead covalently attached
to a coverslip and a probe bead diffusing in the solution. A weak laser measures the position of the probe bead
while a strong laser exerts controlled forces on the bead, and thus on the tethered molecule. Because the force
can be increased at a constant rate, we can evaluate the extension of the dimer as a function of forces within
the physiological range.
Results
Our data acquired at a relatively high Ca2+ concentration, 3 mM, suggest that the PCDH15 dimer exhibits a
greater component of enthalpic stiffness than does the monomer. The dimer nonetheless retains key properties
of an entropic spring.
Conclusions
Although these results support the tip link as a component of the gating spring, continued characterization of
the PCDH15 dimer under various Ca2+ concentrations will be needed to confirm our hypothesis. For the
monomer of PCDH15, unfolding of individual cadherin domains occurred at a physiological Ca2+
concentration (20 μM) and lessened the stiffness of the molecule. We will determine whether a similar effect
occurs for the dimer under those conditions. Further biophysical investigations of the rest of the tip link will
be critical to our understanding of normal and pathological human hearing.
M53. Semi-Quantitative Method to Determine Mechanotransduction Capacity of Zebrafish Inner Ear
Hair Cells
Inner Ear: Anatomy & Physiology
Haoming Wang*1, Shaoyuan Zhu1, Brian McDermott1
1
Case Western Reserve University
Background
Hair cells in the zebrafish ear rely on different transmembrane channel-like (Tmc) proteins. To identify hair
cells that depend on different Tmc proteins, we have developed a semiquantitative method that involves the
use of tmc mutants, transgenically expressed GCaMP6s-caax to fluorescently counterlabel all hair cells, and
direct injection of styryl dye FM4-64 into the ears to identify hair cells that have functional
mechanotransduction channels.
Methods
We studied the crista of zebrafish that contain two hair cell subtypes: tall and short. Mutant tmc larvae that
expressed GCaMP6s-caax in hair cells were anesthetized and mounted. The otic vesicles of 7-dpf zebrafish
were then microinjected with FM4-64, and Z-stack images of the entire lateral crista were collected by
confocal microscopy. Flawed mechanotransduction was identified by a reduction in the normalized
fluorescence intensity ratio of hair cells.
Results
This semi-quantitative method detecting FM4-64 demonstrated that a tmc1-/- mutant contained tall hair cells
with reduced mechanotransduction capacity. We also noted that in a tmc2a-/- tmc2b-/- mutant most short hair
cells do not permit passage of the fluorescent molecule.
Conclusions
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Overall, we have developed a semi-quantitative method to identify hair cells that are functional or have
diminished mechanotransduction capacity.
M54. The Role of GATA3 in the Late Proneurosensory Region
Inner Ear: Anatomy & Physiology
Makayla Long*1, Jeremy Duncan1, Paige Blinkiewicz1
1
Western Michigan University
Background
Several transcription factors are important for neurosensory development, one of these, the zinc-finger
transcription factor Gata3, is necessary for cochlear sensory development. Previous studies have shown that
the loss of Gata3 in the early proneurosensory region leads to loss of all cochlear neurosensory cells, and loss
of Gata3 a day later leads to patchy loss of hair cells (HCs) and supporting cells (SCs), and disorganization
and loss of spiral ganglion neurons.
Methods
In order to further investigate the role of Gata3 in the later proneurosensory region, we utilized the Sox2CreERT2 line to selectively eliminate Gata3 to understand its role within this specific stage of development.
We performed whole mount immunohistochemistry on sections of the cochlea in order to examine cell
morphology. We also performed qPCR and in situ hybridization to assess the changes of gene expression as
result of loss of Gata3.
Results
When Gata3 was eliminated, SCs and HCs were highly disorganized with patchy loss of neurosensory cells
along the length of the cochlea; similar to elimination of Gata3 at earlier time points. Additionally, when the
sensory cells were present, they were highly disorganized. As previous studies suggested, the spiral ganglion
neurons also displayed disorganized radial bundles and decreased total number of radial bundles. Previous
data in our lab has examined the loss of Gata3 only from HCs using an Atoh1-cre and observed both HC
duplets and ectopic HCs in the greater epithelial region (GER). While this preliminary data analyzes the loss
of Gata3 in the proneurosensory region, it still remains unclear the role of Gata3 in supporting cells later in
development.
Conclusions
Gata3 is important for the proper development of sensory cells of the inner ear.
M55. Mitochondrial Response to Infrared Stimulation in Spiral Ganglion and PC12 Cells
Inner Ear: Anatomy & Physiology
John Barrett1, Ellen Barrett1, Suhrud Rajguru*1
1
University of Miami
Background
Transient heating introduced by pulsed infrared (IR) light in several different cell types has been shown to
produce intracellular Ca2+ release, an increase in membrane capacitance and depolarization, and generation
of action potentials. The present work measured IR-induced changes in mitochondrial [Ca2+], mitochondrial
potential (ΔΨm) and mitochondrial electron transport chain (ETC) activity in spiral ganglion and PC12 cells.
Methods
Rat spiral ganglion cells and PC12 cells grown in cell culture were stimulated by 1863 nm infrared light using
pulse trains of 3 s duration (200 usec pulses at 250 Hz). F12K medium with 5% fetal calf serum was used to
establish the initial cultures, followed by a switch to neurobasal medium with 100 nM NGF and a growth
additive (B27). Cells were imaged with a spinning disk confocal microscope using 561 nm and 488 nm lasers.
Results
Infrared pulse trains transiently increased both cytoplasmic [Ca2+] and mitochondrial [Ca2+]. These
responses continued in Ca2+ free medium but were blocked by a 20 min incubation with 1 mM BAPTA in
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the Ca2+ free medium. These Ca2+ responses were also blocked by low initial temperatures (15o C),
consistent with activation of a temperature sensitive TRP channel (Barrett et al. 2018). IR stimulation also
resulted in ETC activation, as indicated by an increase in oxygen consumption measured using an O2-sensitive
porphyrin, and an alkaline shift in mitochondrial pH measured using snarf1 fluorescence. Measurements using
potentiometric dyes (TMRM [tetramethyl rhodamine methyl ester] and rhodamine 123) showed that IR
stimulation shifted ΔΨm to more depolarized levels, rather than the hyperpolarization expected with ETC
activation. With repeated stimulation of PC12 cells at higher laser power, reversible opening of the
mitochondrial transition pore contributed to this depolarization, as indicated by rapid transient depolarization
of some individual mitochondria and inhibition by an inhibitor of the transition pore, cyclosporin A.
Conclusions
In addition to effects on the cell membrane potential, IR stimulation causes release of Ca2+ from endoplasmic
reticulum, resulting in an increase in cytosolic Ca2+, mitochondrial Ca2+ and ETC activity. High ETC activity
could increase ROS formation by causing excessive ΔΨm hyperpolarization, but instead there was a net
depolarizing shift in ΔΨm. These changes are likely important in determining the cellular response to IR since
they would affect cellular excitability, transmitter release and metabolism.
M56. Round Window Potentials and the Hunt for Tools to Diagnose Auditory Pathophysiology
Inner Ear: Anatomy & Physiology
Neil Ingham*1, Clarisse Panganiban2, Karen Steel2
1
Wolfson Centre for Age-Related Diseases, King's College London, 2King's College London
Background
As the search for pharmacological treatments for hearing impairment ramps up, it is becoming increasingly
important to develop tools to accurately diagnose the underlying pathophysiology so that the appropriate
treatment may be prescribed. There are many forms of inner ear sensorineural hearing loss, with many causes,
but these fall into three major categories (Schuknecht & Gacek 1993. Ann. Otol. Rhinol. Laryngol. 102:1-16.
): Sensory (hair cell dysfunction), Metabolic (stria vascularis dysfunction), and Neural (auditory neuron
defects). It is particularly difficult to distinguish a pure strial hearing loss from those where IHCs or OHCs
are involved. We are using mouse mutants with known underlying sites of lesion to search for potential
diagnostic tools based on objective electrophysiological measures. In our previous analysis (Ingham et al
2020. Abstracts of the ARO 43rd Annual Midwinter Meeting, 43:92) a combination of measurements of
auditory brainstem response (ABR) and distortion product otoacoustic emissions (DPOAE) distinguished
mice with IHC from those with OHC dysfunction but were not able to distinguish between these mice and
others with strial dysfunction.
Methods
Electrophysiological responses were recorded from the round window of urethane-anaesthetised mice carrying
mutations affecting either IHC function (Klhl18), OHC function (Prestin, Slc26a5) or strial function (S1pr2;
Ingham et al 2016. Sci Rep. 6:28964.) and littermate controls. Offline processing of these responses allowed
3 different potentials to be examined; the Compound Action Potential (CAP, a measure of auditory nerve
firing), Summating Potential (SP, a measure of IHC and OHC dc receptor potentials) and Cochlear
Microphonic (CM, a measure of ac electrical potentials of OHCs).
Results
Measurements of the CAP recapitulated previous findings from ABR recordings. Measurements of SP were
found to be variable, even amongst normal-hearing control mice, but SPs recorded from all mutant mice tended
to be reduced in amplitude compared to controls. CMs were found to be normal in Klhl18 mutant mice,
recapitulating previous findings using DPOAEs. CM magnitudes recorded from Slc26a5 and S1pr2 mutant
mice were both reduced compared littermate controls.
Conclusions
Taken together, the additional physiological information obtained via round window recordings in the mouse
does not improve our ability to differentially diagnose a metabolic (strial) hearing impairment from other types
of sensorineural hearing loss.
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M57. Suppression of Connexin 43 Leads to Hyper-Permeability in the Stria Vascularis, Drop in
Endocochlear Potential, and Hearing Loss
Inner Ear: Anatomy & Physiology
Jinhui Zhang1, Xiaohan Wang1, Zhiqiang Hou1, Lingling Neng1, Jing Cai1, Yunpei Zhang*1, Xiaorui Shi1
1
Oregon Health & Science University
Background
Connexin 43 (Cx43) is a protein constituent of gap junctions in various barrier cells, especially in astrocytes
and microglia of the blood-brain-barrier (BBB), where it plays an important role in intercellular
communication and regulation of the barrier. Despite the importance of Cx43 in other blood barriers, not much
attention has been paid to expression and function of Cx43 in the blood-labyrinth-barrier (BLB) of the stria
vascularis of the cochlea.
Methods
C57BL/6 mice (6-8 weeks old) were used in all these in vivo experiments, excepting the B6.129P2(Cg)Cx3cr1tm1Litt/J transgenic mice (6-8 weeks old) used in the in vivo immunofluorescence experiments for
visualizing the Cx43 expression in PVMs. Multiple research approaches were used in this study including
immunocytochemical staining, patch-clamp dye loading techniques, real-time quantitative RT-PCR, Western
blot, measurement of endocochlear potential (EP) with an electrode through the scala media, and auditory
brainstem response to test hearing function.
Results
We found Cx43 expressed in vascular endothelial cells (ECs) and perivascular resident macrophages (PVMs)
in the stria vascularis of adult C57BL/6 mouse cochleae. In particular, we found Cx43 expressed in the foot
processes of PVMs at points of contact with the endothelium. Consistent with Cx43 expression in vivo, we
also found Cx43 expressed in EC-EC and EC-PVM interfaces in a co-cultured cell line model. Using a patchclamp dye loading technique, we demonstrated that Alexa Fluor® 568 dye injected into PVMs diffuses to
connected neighboring ECs. The functional coupling between the ECs and PVMs is blocked by 18α‐
glycyrrhetinic acid (18α-GA), a selective Cx43 blocker. Suppression of Cx43 with small interfering RNA
(siRNA) in vivo significantly elevated hearing threshold and caused the endocochlear potential (EP) to drop
and the blood barrier to become more permeable. In a further study using in vitro primary EC cell line models,
we demonstrated that suppression of Cx43 disrupts intercellular tight junctions in the EC monolayer and
increases endothelial monolayer permeability.
Conclusions
Taken together, these findings underscore the importance of Cx43 expression in the normal ear for maintaining
BLB integrity, normal EP, and hearing function.
M58. Algorithmic Assessment of Stereocilia Damage in Aging Human Ears
Inner Ear: Anatomy & Physiology
Peizhe Wu*1, Leslie Liberman1, Jennifer O'Malley1, Charles Liberman1
1
Massachusetts Eye and Ear,
Background
Prior human studies suggested that sensory-cell loss is rarely the major cause of age-related hearing loss
(ARHL), and, correspondlingly, animal work has implicated atrophy of the stria vascularis, the “battery” of
the inner ear. In a recent study, using enhanced microscopic technique to more accurately assess fractional
hair cell survival, auditory nerve survival and strial degeneration in archival temporal bones, we found that
threshold shifts in a normal-aging series of 120 humans were well predicted from hair cell counts alone,
without a strong contribution from strial atrophy. However, the model prediction was improved by including
age, suggesting there is age-related degeneration in the inner ear that was not captured in our analysis.
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Methods
Here, we consider if stereocilia damage on surviving hair cells might be a key contributor to AHRL. We
imaged stereocilia bundles on cochlear wholemounts from four autopsy specimens (age 21 to 71 yrs). The
temporal bone was drilled, decalcified, microdissected and immunostained for myosin VI/VIIa (hair cells) and
espin (actin cross-linkers in stereocilia). The confocal z-stacks were taken at half-octave intervals along the
cochlear spiral, with high resolution (26.6 pixels/µm in x and y, and 0.2 µm in z), and then deconvolved with
the Lightning package™ on a Leica SP8.
Results
2D fast fourier transform (FFT) was used to quantify the regularity of stereocilia on each bundle in these
confocal z-stacks; the number of remaining hairs was estimated by summing pixel area from the bottom to the
top of each bundle. We observed a striking loss of hair bundle regularity and stereocilia numbers with age,
more so in the basal half of the cochlea, and more so in OHCs than IHCs.
Conclusions
These data suggest that age-related stereocilia damage on OHCs may be an important factor in age-related
hearing loss. Thus, therapeutic strategies designed to re-grow hair bundes on surviving hair cells could
represent an attractive alternative to hair cell regeneration, especially in the aging ear.
M59. Micromechanical Responses in a Computational Model of the Mouse Cochlea
Inner Ear: Cochlear Mechanics
Georgios Samaras*1, Haiqi Wen1, Michael Rouleau1, Julien Meaud1
1
Georgia Institute of Technology
Background
The mouse cochlea is unique among typically studied rodents due to the species’ high frequency hearing range
(~1 to ~80 kHz). Experimental exploration of altered cochlear mechanical properties through targeted gene
mutation has increased popularity of the species in cochlear research of recent years and the micromechanics
of the organ of Corti (OoC) in the mouse cochlea have been extensively characterized. While most cochlear
models have only coupled the BM to the intracochlear fluid, these recent experiments suggest distinct TM and
BM traveling waves, pointing to distinct interaction of both the TM and BM with the intracochlear fluid. As
such, there is increased need for computational models of the mouse cochlea with improved description of the
micromechanics of the OoC and of the fluid-structure coupling between the OoC and the fluid.
Methods
The present study utilizes a frequency-domain 3D physiologically based computational model of the mouse
ear. Specifically, the model captures the complexity of cochlear mechanisms in the following way: a 3D fluid
domain of the two cochlear ducts is coupled to the basilar membrane (BM) and tectorial membrane (TM) in
the OoC, which consists of geometry that reflects the physiology of the BM and TM as well as the reticular
lamina (RL) and outer hair cells (OHCs). An electromechanical model converts OHC hair bundle deflection
to the OHC electromotility that drives cochlear amplification. The effects of separating the fluid-structure
coupling into BM and TM will provide insight about the effect of Scala Vestibuli (SV) fluid pressure on the
BM and TM vibrations. By extension, the TM vibration’s direct coupling to the OHC hair bundles will
improve understanding of cochlear amplification. The model also includes inertia and viscosity of the fluid at
the helicotrema which reduces observed low frequency standing waves in a manner consistent with previous
studies.
Results
Basal and apical micromechanical data serve as a benchmark for assessing the quality of modeling efforts.
The gradients of mechanical parameters of OoC structures (BM, TM, RL) from base to apex are tuned to
match these data. From there, pure tone excitation responses of the micromechanical vibration of the TM and
RL are explored via sensitivity studies of the mechanical parameters and compared to experimental data. Fluid
pressure in the ducts is also observed to gain further insight on OoC vibrations and traveling wave
characteristics.
Conclusions
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Overall, this study furthers understanding of cochlear micromechanics and the role of the TM in active
cochlear mechanics. Future studies will analyze further the impact of BM, TM, and RL vibrations on OHCbased cochlear amplification and will extend into exploration of otoacoustic emissions (OAEs).
M60. The Effects of Salicylate on Sound-Evoked Vibrations on the Basilar Membrane and Outer Hair
Cell Region in Vivo
Inner Ear: Cochlear Mechanics
Clark Strimbu*1, Elizabeth Olson2
1
College of Physicians & Surgeons of Columbia University, 2Columbia University
Background
(OoC) vibrations have larger amplitudes and different tuning than the vibrations measured at the basilar
membrane (BM). An area we term the “outer hair cell (OHC) region”, between the OHC-Deiters’ cell
connections and the reticular lamina, exhibits a broad-band nonlinearity that is metabolically sensitive and
especially pronounced when stimulated with wide-band signals.
Salicylates are known to have a number of ototoxic effects some of which act directly on the hair cells
including: reduction in the sound-evoked potentials in the cochlea; reduced distortion product otoacousitic
emissions (DPOAEs); reduced electrically-evoked vibrations near the reticular lamina; and, in isolated OHCs
inhibition of somatic electromotility a key component of the cochlear amplifier. However, little remains
known about the effects of salicylate on sound evoked motion within the ear.
Methods
We use OCT and spectral domain phase microscopy (SDPM) to measure BM and OoC vibrations in a narrow
radial region close to the outer hair cells in vivo in the base of the gerbil cochlea, close to the 25--27 kHz
location. We measured the vibrations before and after a 10 to 30-minute application of sodium salicylate, 50
or 100 M in artificial perilymph, on the round window membrane followed by a washout with fresh
perilymph. The stimuli are multi-tone zwuis complexes containing 40 frequencies presented simultaneously
from 40 to 80 dB SPL. DPOAEs measured in response to swept two-tone stimuli at 50- and 70-dB SPL at the
same time points were used to assess the efficacy of the salicylate administration and subsequent recovery of
cochlear condition.
Results
Following 50 uM salicylate, DPOEAs were reduced in 10 – 30 minutes and showed partial recovery postwashout with those evoked by the 70 dB primaries recovering much more quickly. Similar to one previous
study, BM vibrations showed a modest decline in amplitude and loss of their best frequency peak at the lower
sound pressure levels (SPLs) but little change at higher SPLs. OHC-region vibrations likewise showed a
modest decrease in amplitude and some loss of tuning near the BF peak but retained their broadband
nonlinearity throughout the experiment suggesting that the OHCs are still able to generate force in spite of a
partial block of electromotility. Vibrations in both regions showed partial recovery over the subsequent few
hours. Following 100 uM salicylate, the DPOAEs failed to recover, especially at higher frequencies. The
vibrations in this case could resemble those from a passive cochlea and failed to recover on the timescale of
the experiment.
Conclusions
The effects of salicylate on the ear are complex. The decrease in sound evoked vibrations and the modest loss
of tuning suggest that mechanical effects alone cannot explain salicylate ototoxicity.
M61. Perimodiolar Cochlear Implant Placement and Hearing Outcomes
Inner Ear: Cochlear Mechanics
Aaron Collins*1, Soren Foghsgaard2, Stephen O'Leary1
1
University of Melbourne, 2Copenhagen University Hospital
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Background
Positioning of Cochlear Implants is thought to have dramatic effects on cochlear implant speech outcomes for
patients. There has been some discussion surrounding the importance of placement of an implant closer to the
medial wall of the cochlea, in order to bring the stimulating electrodes near to the spiral ganglion. This is
sometimes compared to having a large angular insertion depth. Here, we present retrospective analysis of
Cochlear Ltd’s peri-modiolar CI532 implanted positions and hearing outcomes. As these pre-curved
electrodes are designed to be placed as close to the medial wall as possible, they present a unique opportunity
to gather a wealth of information.
Methods
Post-operative CT scans were used to identify individual electrodes on an array in addition to anatomical
features, medial and lateral walls, and cochlea entry point. Using this data, individual electrode positions were
correlated with hearing outcomes (CVC scores) and other patient specific metrics (Age, length of deafness).
The distance of each individual electrode to the medial wall was investigated to determine if these electrodes
were being placed correctly and therefore if medial proximity did in fact lead to better hearing outcomes.
Results
Several statistical models including linear and multivariate regression in addition to principle component
analysis revealed unexpected results in that it was not medial wall proximity which had the largest variability
on outcomes. Rather, the proximity to the modiolus (which is not linearly dependent on medial wall proximity)
and angular insertion depth provided significant, positive correlation with CVC-P scores. Correlating this with
patient information revealed even further insights as to the absolute effect of positioning of electrodes.
Confirming previous studies, age, length of deafness and pre-operative speech scores contributed more than
most positional parameters depending on which model is used.
Conclusions
Medial proximity may not be as important as a deep cochlear insertion for peri-modiolar arrays. The two
positioning parameters which consistently proved to be significant regardless of modelling technique were the
angular insertion depth of the most apical and basal electrode. As these were both positively correlated it leads
to the conclusion that deeper cochlear implantations provide better speech outcomes for peri-modiolar arrays.
This work does not yet seek to inform surgical technique, however, does pose the question to the current
design parameters being used. This work will be pushed further with the inclusion of more implant designs to
determine the most important factors for hearing.
M62. Diffusion and Advection in the Corti Fluid—the Extracellular Fluid in the Organ of Corti
Inner Ear: Cochlear Mechanics
Mohammad Shokrian*1, Douglas Kelley1, Jong-Hoon Nam1
1
University of Rochester
Background
Diffusion is an efficient mechanism for transporting small substances such as ions and neurotransmitters,
provided that the distance between the source and target is on the order of nanometers. When the distance is
micrometers or greater, however, diffusive transport is not as effective as in nanometer fluid space.
Mammalian auditory epithelium, unlike any other sensory epithelia, includes extraordinarily large space
between cells—a few to tens of micrometers. The organ of Corti includes substantial extracellular fluid space,
such as the tunnel of Corti, Nuel’s space, outer tunnel, and the gaps between the outer hair cells. Let us call
the extracellular fluid within the organ of Corti the Corti fluid. The Corti fluid is continuous along the cochlear
length like a fluid-filled elastic tube. Substantial potassium ions are constantly released into the Corti fluid by
hair cells. Excess potassium ions in the Corti fluid are constantly resorbed by supporting cells to maintain
fluid homeostasis.
Methods
Through computational simulations, we investigated mixing of small diffusates within the Corti fluid. As a
diffusate, potassium ions released from the hair cells were considered. Outer hair cell motility was considered
to cause organ of Corti deformations that alter the cross-sectional area of the Corti fluid space. We
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hypothesized that mechanical agitations can accelerate longitudinal mixing of Corti fluid. Corti fluid motion
was determined by solving the Navier-Stokes equations incorporating nonlinear advection term. Advectiondiffusion equation determined the mixing dynamics.
Results
For the gerbil cochlea, estimated speed of potassium ion clearance was 32 times greater toward the basal end,
to prevent a longitudinal gradient of potassium concentration. Longitudinal fluid mixing alleviated this
requirement of greater clearance capacity toward the base. Simulating traveling boundary waves, we found
that advection and diffusion caused comparable mixing when the wave amplitude and speed (phase velocity)
were 25 nm and 7 m/s, respectively. Higher-amplitude and faster waves caused stronger advection. When
physiological traveling waves corresponding to 70 dB sound pressure level at 9 kHz were simulated, advection
speed was as large as 1 mm/s in the region basal to the peak responding location. Such physiological agitation
accelerated longitudinal mixing by more than an order of magnitude, compared to pure diffusion.
Conclusions
Our results suggest that fluid motion due to outer hair cell motility facilitates longitudinal mixing of the Corti
fluid, and that this longitudinal mixing relieves the burden of potassium clearance in the basal cochlea.
This study was supported by NIH NIDCD R01 DC014685, and NSF CMMI 1661413.
M63. Development of a 3-Axis Optical Coherence Tomography System for Measuring Mouse Cochlea
Vibrations
Inner Ear: Cochlear Mechanics
Derek Liu*1, Wihan Kim1, Sangmin Kim2, Kumara Ratnayake1, Frank Macias-Escriva1, James Dewey1, Amir
Nankali1, John Oghalai1, Brian Applegate1
1
Keck School of Medicine USC, 2Texas A&M University
Background
Recent measurements suggest that the organ of Corti (OoC) does not move as a rigid unit, but rather has
complex vibrational modes that involve a mix of transverse, radial, and longitudinal components.
Understanding the 3D motion patterns is critical to determining how outer hair cells produce frequencyselective cochlear amplification. Because techniques such as optical coherence tomography (OCT) only
measure motion along the optical axis, previous examinations of OoC mechanics have typically only measured
vibrations in one dimension. To address this, we developed an OCT system that is capable of simultaneously
measuring three-dimensional vibrations within the mouse OoC.
Methods
We developed an OCT system with three optical axes positioned symmetrically around a dissecting
microscope at phi=120˚ and theta=27˚ relative to the microscope’s optical axis. The three axes are multiplexed
in depth, encoded by instigating different optical delays for each. Therefore, a single A-line contains all three
images.
A USAF resolution test chart was imaged in order to calibrate and co-register the images from the three optical
axes. From this we were able to extract the tilt angle of each axis, as well as the image registration coefficients
for the affine transformation. Thus, we were able reconstruct resultant 3-D vectors of motion for a vibrating
sample and represent them in Cartesian or spherical polar coordinate systems.
Volume images of the cochlea were obtained in CBA/CaJ mice. The bone below the tympanic annulus, as
well as the overlying tympanic membrane and ossicles were removed to widely expose the otic capsule. A
wider exposure was necessary given the angled positioning of the three OCT axes.
Results
To validate the 3D OCT system, a piezoelectric actuator was placed on a dual-axis goniometer and positioned
at three different relative angles, theta=0˚, 2.5˚, or 5˚. A 4kHz signal was used to generate a periodic vibration.
The measured vibrational amplitude was 18.72, 17.93, and 18.02nm at 0˚, 2.5˚, and 5˚, respectively. The
measured change in theta was 2.78˚ and 5.22˚, representing a 0.28˚ and 0.22˚ absolute error, respectively.
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The 3D OCT system was then used to capture volume images of the apical turn of the mouse cochlea. Despite
a lower lateral resolution of 30 um, structures such as Reissner’s membrane, the OoC, and the basilar
membrane could be distinguished in volume images from all three optical axes. The axial resolution was 11.4
um, unchanged from our previous system.
Conclusions
Our OCT system has demonstrated the ability to measure 3-D vectors of motion using a piezoelectric actuator,
and to simultaneously visualize major cochlear structures from three optical axes. Because the ossicles and
tympanic membrane are removed, validation of a technique for delivering acoustic stimuli via bone conduction
will be required. Future vibrometry experiments will capture the 3D vibrations within the mouse cochlea.
M64. FDA-Approved JAK Inhibitors Provide Protection of Mechanosensory Hair Cells in Zebrafish
From Aminoglycoside Toxicity
Inner Ear: Damage & Protection
Jonathan Fleegel*1, Marisa Zallocchi1, Jian Zuo1
1
Creighton University
Background
Aminoglycosides make up a valuable group of antibiotics used by physicians to treat severe gram-negative
infections. They are known for their potency and broad spectrum of activity. Unfortunately, they also carry a
narrow therapeutic index and can cause irreversible hearing loss. To date, there are no FDA approved
treatments for the prevention of aminoglycoside related hearing loss.
Methods
We have screened many compounds utilizing the strong ototoxicity protocols developed using Danio rerio
(zebrafish). We have identified two compounds, Momelotinib and Fedratinib, that are able to provide
protection to mechanosensory hair cells in the lateral line neuromasts of zebrafish. Momelotinib and Fedratinib
are JAK inhibitors. Momelotinib is a JAK1/2 inhibitor where Fedratinib is a selective JAK2 inhibitor. Both
of these drugs are used clinically in the treatment of myelofibrosis.
Results
Here, we provide data suggesting the potential off label use of these drugs in the prevention of aminoglycoside
related hearing loss. We found zebrafish that were treated with gentamicin plus Momelotinib showed
significant protection of their lateral line neuromast hair cells when compared to vehicle + aminoglycoside
treated controls. Similarly, Fedratinib protected zebrafish lateral line neuromast hair cells from the toxic
insults of both kanamycin and gentamicin. Protection in the animals was quantified as average number of hair
cells per neuromast. Next, in order to characterize the mechanism by which the neuromast hair cells were
protected by Momelotinib or Fedratinib, we are utilizing morpholino oligonucleotide mediated gene
knockdown of the potent targets of each drug. For Momelotinib we are knocking down JAK2a, JAK1, and
ACVR1 independently and treating with aminoglycosides to see if we can simulate the protection, we see with
Momelotinib and Fedratinib.
Conclusions
To date, our findings demonstrate the protection of aminoglycoside related hair cell toxicity in zebrafish by
the JAK inhibitors Momelotinib and Fedratinib and potential repurposing of FDA-approved drugs for
aminoglycoside induced hearing loss.
Supported in part by MD/PhD program at Creighton, NIHR01DC015010, NIHR01DC015444, ONR-N0001418-1-2507, USAMRMC-RH170030, Bellucci Fund and LB692/Creighton.
M65. Mild Therapeutic Hypothermia Improves Cochlear Implant Outcomes in a Preclinical Model
Inner Ear: Damage & Protection
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Rachele Sangaletti*1, Ilmar Tamames1, James Seungyeon Choi2, Jessie Truettner2, Nadine Kerr2, Pantelis
Tsoulfas2, Jae Lee2, W. Dalton Dietrich2, Curtis King3, Suhrud Rajguru1
1
University of Miami, 2Miami Project to cure paralysis, 3Lucent Medical Systems,
Background
Electric-acoustic stimulation cochlear implant (EAS-CI) devices have been designed to benefit patients with
pre-operatively high-frequency hearing loss but significant residual low-frequency hearing. With the recently
revised eligibility criteria an increasing number of patients are receiving EAS-CI. However, a significant risk
of loss of residual acoustic hearing (including a delayed loss) post-cochlear implantation remains. The
molecular mechanisms behind hearing impairments as results of cochlear implantation trauma include release
of proinflammatory cytokines, mitochondrial dysfunction and oxidative stress that can lead to initiation of
programmed cell death. Mild therapeutic hypothermia (MTH) has been known to reduce these factors and has
been proposed as a potential strategy to mitigate acoustic, vibration and mechanical trauma caused by CI. In
the present study we investigate the efficacy and safety of MTH and probe the molecular mechanisms
underlying hearing residual preservation afforded by MTH.
Methods
The University of Miami Institutional Animal Care and Use Committee approved all procedures. Brown
Norway rats were acquired to performed functional and mechanistic studies. Auditory brainstem responses
(ABR) were used to measure functional changes post-CI and with MTH treatment. Light sheet fluorescent
microscopy (LSFM) was adopted to study the extensions of CI damage and MTH protection to the threedimensional organization of the cochlea structure. RNA-seq, and Immunoblotting analysis were performed 24
hrs post CI trauma to quantify gene and protein level expression of selected factors in MTH treated cochlea
compared to CI normothermic and control cochlea. Flow cytometry technique was implemented to identify
the subsets of immune system cells and their state of activation in MTH-treated, CI injured, and untreated
cochleae.
Results
ABR thresholds and 3D imaging analysis characterizing the function and structure of sensorineural cochlear
cells suggested an efficacy and safety of mild therapeutic hypothermia against cochlear implantation trauma.
Transcriptome and Western Blot analysis showed that MTH attenuates secondary injury pathways in response
to intracochlear trauma by electrode insertion. Moreover, flow cytometry data shown that MTH decreases
infiltration of activated microglia, macrophages and lymphocytes following CI injury.
Conclusions
Our findings may provide a potential basis for the clinical application of MTH as an effective strategy to
protect and preserve residual hearing following CI electrode insertion. Future studies are aimed at optimizing
the parameters of MTH therapy, building a clinic-ready, FDA-approved device, and translation in patients
undergoing cochlear implantation.
M66. Noise-Induced Outer Hair Cell Death is Mediated by CaMKKβ-AMPKα Signaling Pathways
Inner Ear: Damage & Protection
Fan Wu1, Kayla Hill1, Qiaojun Fang1, Zuhong He1, Hongwei Zheng1, Xianren Wang1, Hao Xiong1, Suhua
Sha*1
1
Medical University of South Carolina
Background
The Ca2+/calmodulin-dependent protein kinase kinases (CaMKKs) are serine/threonine-directed protein
kinases that are activated following increases in intracellular calcium. Inner-ear-trauma-induced calcium
(Ca2+) overload in outer hair cells (OHCs) has been well-documented in the pathogenesis of noise-induced
hearing loss (NIHL). CaMKKβ is the main isoform in brain tissues and an upstream activator of AMPdependent protein kinase α subunit (AMPKα). We have reported that noise exposure results in activation of
AMPKα in OHCs, leading to losses of synapses and OHCs. In this study, we investigated the activation of
CaMKKβ-AMPK signaling in NIHL.
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Methods
We used a comprehensive experimental approach employing in-vivo studies with adult mice using wholemount fluorescent in-situ hybridization (FISH) with RNAscope, immunohistochemistry, CaMKKβ knockout
mice (KO), small interfering RNA (siRNA) silencing, and short hairpin RNA (shRNA) silencing via
AAV2.7m8 virus transfection under noise exposure conditions that induce permanent threshold shifts (PTS)
with loss of OHCs. Auditory function was assessed by auditory brainstem response (ABR) and distortion
product oto-acoustic emissions (DPOAE).
Results
Noise exposure resulted in an increase in the number of phosphorylated-CaMKI- (p-CaMKI)-positive
structurally damaged OHCs in the lower basal turn when examined 3, 5, and 8 h after completion of exposure
and the labeling decreased with time until no p-CaMKI- positive OHCs were seen 24 h after the exposure.
There was no p-CaMKI immunolabeling in intact OHCs or in scars of lost OHCs. Both mRNA and
immunolabeling for CaMKKβ increased in OHCs after exposure when assessed by FISH and
immunohistochemistry. Silencing CaMKKβ decreased noise-induced activation of AMPKα; this was
confirmed with CaMKKβ KO mice. Pretreatment with CaMKKβ siRNA significantly attenuated noiseinduced losses of synapses and OHCs and NIHL. Surprisingly, CaMKKβ-KO mice did not show attenuated
NIHL, although they maintained normal baseline auditory thresholds. To confirm the protective effect of
siCaMKKβ, we utilized shCaMKKβ via AAV2.7m8 virus transfection. In agreement with other reports,
transfection of eGFP into sensory hair cells did not induce hearing loss, but shCaMKKβ significantly
attenuated noise-induced loss of OHCs and NIHL.
Conclusions
These findings demonstrate that activation of CaMKKβ-AMPKα pathways contributes to noise-induced loss
of IHC synapses, loss of OHCs, and auditory function.
Acknowledgements: The research project was supported by grant R01 DC009222 from the National Institute
on Deafness and Other Communication Disorders, National Institutes of Health.
M67. Ablation of Mitochondrial Metalloprotease OMA1 Protects from Age-Related and NoiseInduced Hearing Loss in Mice
Inner Ear: Damage & Protection
Jose Maria Bermudez-Muñoz*1, Silvia Murillo2, José Antonio Enriquez3, Isabel Varela-Nieto4
1
Instituto de Investigaciones Biomedicas "Alberto Sols", 2Instituto de Investigaciones Biomédicas “Alberto
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Nacional de Investigaciones Cardiovasculares Carlos III; Centro de Investigación Biomédica en Red de
Fragilidad y Envejecimiento Saludable (CIBERFES), Madrid, 4Instituto de Investigaciones Biomédicas
“Alberto Sols” ; Centro de Investigación Biomédica en Red de Enfermedades Raras (CIBERER); Instituto de
Investigación Hospital Universitario La Paz (IdiPAZ), Madrid
Background
Mitochondrial dynamics is an important cellular phenomenon that enables tissues to meet metabolic and
physiological demands in response to stress by adjusting rapidly its many functions, which include ATP
production, Ca2+ intracellular homeostasis, ROS production or apoptosis regulation. Fusion events are
commonly conceived as a protective mechanism that counteracts mitochondrial damage and preserves
energetic supply and integrity, while organelle fragmentation is generally linked to tissue failure and disease.
Thereby, fusion inhibition is associated with impaired OXPHOS, ROS production and mitochondrial
dysfunction, a well-known mechanism underlying NIHL and ARHL pathologies1. To ensure mitochondrial
functionality and stability, these organelles rely on an intricated quality control system composed of several
proteases that regulate the activity of several mitochondrial proteins through their ability to perform highly
specific proteolytic processing which contribute to the maturation or inactivation of their substrates.
OMA1, a zinc metalloprotease located in the inner mitochondrial membrane, was first identified in yeast as a
protease with overlapping activities with m-AAAproteases but in an ATP-independent manner. OMA1 plays
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an essential role in OPA1 (Optic atrophy 1), a dynamin related GTPase involved in mitochondrial inner
membrane fusion and protection from apoptosis, proteolytic inactivation in response to stress. Oma1 silencing
emerge to protect against heart failure preserving mitochondrial cristae, integrity and function, and preventing
from cardiomyocyte apoptosis following increase in ROS production2.
Methods
Auditory function was evaluated by ABR. Mice were exposed to violet swept-sine noise with (2-20 kHz, 105
dB SPL) for 30 minutes. Histological analysis and hair cell / ribbon synapses counts were performed in H/E
stained cochlear sections and immunostained organ of Corti whole mounts respectively. Gene expression was
studied by RT-qPCR.
Results
We show here that 1-year-old Oma1-/- mice maintains lower auditory thresholds than wild type, exhibit higher
number of inner and outer hair cells (OHC), neuronal density and higher number of synapses per IHC than
wild type mice. Transcripts for fission machinery, OXPHOS components, mitochondrial biogenesis and
metabolic regulator programs genes were reduced in 1-year-old Oma1-/- mice. Furthermore, hearing
thresholds of Oma1-/- mice challenge to noise exposure show a better progression and correlate with higher
OHC number and synapses number per IHC than wild type mice 28 days after the exposure.
Conclusions
In conclusion, we propose that ablation of Oma1 protects from cochlear degeneration and hearing loss caused
by acute external insults such as noise exposure, or more gradual processes as aging averting mitochondrial
dysfunction driven by increased ROS production. Our work demonstrate that the promotion of mitochondrial
fusion is beneficial for the survival of irreplaceable cochlear cell populations and contribute to the
understanding of mitochondrial quality control and dynamics in the inner ear.
References
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Celaya AM, et al. eLife 2019;8:e39159.
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Acin-Perez R, et al. Sci Transl Med. 2018;10(434).
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M68. Screening Quinoxaline Analogs for Otoprotection Employing a Zebrafish Model of
Excitotoxicity
Inner Ear: Damage & Protection
Marisa Zallocchi*1, Santanu Hati1, Jian Zuo1
1
Creighton University School of Medicine
Background
More than 300 million people worldwide suffer from noise-induced hearing loss (NIHL). Blast exposure and
acoustic trauma from artillery gunfire or explosives make members of the military service a particularly
susceptible group to suffer from NIHL. The effects of noise are rapid, with phenotypic abnormalities (i.e., hair
cell degeneration, neuronal excitotoxicity, etc.) being observed immediately after the exposure. Unfortunately,
despite the enormous impact of NIHL, its molecular mechanism is poorly understood, not to mention any
therapeutic interventions that may help to prevent or alleviate this condition. Published work and preliminary
studies support the therapeutic potential of quinoxaline (Qx) derivatives to treat ototoxin- and noise-induced
hearing loss. Qx derivatives have an excellent malleable structure for chemical modifications, are water
soluble and stable at pH 7.0, and can cross the blood labyrinth barrier, which make them attractive as putative
therapeutic compounds. Moreover, quinoxalines have been approved by the FDA for their use in the
pharmaceutical and food industries, which would expedite their developmental phase for use in the auditory
system as repurposed compounds.
Methods
We employed a zebrafish model for excitotoxicity to screen a library of 68 Qx derivatives. The number of
hair cells and ribbon synapses, as well as the neuronal innervation of neuromast hair cells were assessed in
the treated animals.
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Results
The results presented here show that Qx derivatives can confer protection against excitotoxicity- induced
neuromast damage
Conclusions
Overall, this work provides initial evidence of the potential therapeutic effect of Qx derivatives to protect
against NIHL.
Funding: RH190050 (DoD), NIH-R01DC015444, NIH-R01DC015010, USAMRMC-RH170030, ONRN00014-18-1-2507, LB692/Creighton, Bellucci Foundation Award.
M69. Hydroxypropyl-Β-Cyclodextrin Ototoxicity in Adult rats: Rapid Onset and Massive Destruction
of Both Inner and Outer Hair Cells Above a Critical Dose
Inner Ear: Damage & Protection
Xiaopeng Liu*1, Dalian Ding1, Guang-Di Chen1, Li Li1, Haiyan Jiang1, Richard Salvi1
1
Center for Hearing and Deafness, State University of New York at Buffalo
Background
There is a growing interest in using 2-hydroxypropyl-β-cyclodextrin (HPβCD), a cholesterol chelator, as
potential treatments for diseases associated with abnormal cholesterol metabolism and lipid storage such
Niemann-Pick C1 (NPC1); however, the high doses of HPβCD needed to slow the progression of such disease
have been shown to cause hearing loss. Detailed HPβCD dose-response ototoxicity studies have shown that
high doses of the drug only damage outer hair cells (OHC). However, it currently unclear if the HPβCD is
equally toxic and causes the same type of damage in other species, such as rats, which are widely used in
toxicity research.
Methods
To address these issues, we treated adult rats with a single, subcutaneous dose of HPβCD at doses between
500 and 4000 mg/kg and used distortion product otoacoustic emissions (DPOAE), the cochlear summating
potential (SP) and compound action potential (CAP) to assess the functional status of the cochlea followed by
quantitative analysis of OHC and inner hair cell (IHC) losses.
Results
The 3000 and 4000 mg/kg doses abolished the DPOAE and greatly reduced SP and CAP amplitudes; these
functional deficits were associated with total loss of OHC and ~80% IHC loss over the basal two-thirds of the
cochlea and less severe lesions in more apical regions. The 2000 mg/kg dose abolished DPOAE and
significantly reduced the SP at the high frequencies and destroyed both OHC and IHC in the basal highfrequency region of the cochlea; the functional and structural deficits became progressively less several at
lower frequencies and more apical regions of the cochlea. Little or no impairments occurred with lower doses
of HPβCD.
Conclusions
HPβCD-induced functional and structural deficits were more severe and occurred at substantially lower doses
in rats than those previously reported in mice and included massive damage to IHC.
M70. MnTBAP, a Peroxynitrite Scavenger, Attenuates Cisplatin-Induced Apoptosis and Cytotoxicity
Inner Ear: Damage & Protection
Monazza Shahab1, Rita Rosati1, Samson Jamesdaniel*1
1
Wayne State University
Background
Cisplatin, a widely used anti-cancer drug, induces apoptosis in cochlear hair cells. Cisplatin-induced increase
in the generation of reactive oxygen species (ROS) and increase in the production of nitric oxide by
upregulation of iNOS are critical factors in mediating cisplatin-induced apoptosis. We re-ported that the
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consequent production of peroxynitrite leads to the nitration and degradation of proteins such as LMO4, a
transcriptional regulator, and disrupts their anti-apoptotic signaling. Co-treatment with SRI110, a peroxynitrite
decomposition catalyst, attenuated cisplatin-induced cytotoxicity in UB/OC1 cell lines (derived from
embryonic mouse ear) as well as cisplatin-induced ototoxicity in rodents. However, it is not known if other
compounds that target nitrative stress would also confer similar otoprotection. Manganese (III) tetrakis (4benzoic acid) porphyrin (MnTBAP), a cell-permeable superoxide dismutase mimetic, is a peroxynitrite
decomposition catalyst that selectively scavenges peroxynitrite. The central hypothesis of this study is that cotreatment with MnTBAP attenuates cisplatin-induced apoptosis and degradation of LMO4 and thereby
protects UB/OC1 cells from cisplatin-induced cytotoxicity.
Methods
The efficacy of MnTBAP in attenuating cisplatin-induced cytotoxicity in UB/OC1 cells was determined by
using MTT cell viability assay. Pathway-focused qPCR arrays were used to determine the apoptotic responses
while immunoblots with anti-LMO4 were used to determine the changes in the expression levels of LMO4
protein.
Results
Treatment of UB/OC1 cells with 100 µM MnTBAP, one hour before cisplatin treatment (20 µM for 24 h)
prevented cisplatin-induced cytotoxicity (p=0.0136, n = 6). Furthermore, the mRNA levels of pro-apoptotic
genes such as Caspase-3, Caspase-9, Fas, Fadd, and Bcl2 (p=0.012, 0.034, 0.0231, 0.001325 and 0.0298
respectively, n=3) that were upregulated by cisplatin treatment were attenuated by MnTBAP co-treatment.
The cisplatin-induced downregulation of Prdx2, an antioxidant gene, was significantly attenuated (p=0.034)
by MnTBAP co-treatment. Immunoblot analysis demonstrated that cisplatin-induced reduction in the
expression of LMO4 protein was attenuated when the cells were co-treated with MnTBAP.
Conclusions
Together, these results indicate that MnTBAP co-treatment attenuates cisplatin-induced apoptosis and
mitigates associated cytotoxicity in UB/OC1 cell lines suggesting that peroxynitrite decomposition catalysts
could emerge as promising interventional compounds for preventing cisplatin-induced ototoxicity.
M71. Characterization of a TrkB mAb Agonist for the Treatment of Speech-In-Noise Hearing
Difficulties (Cochlear Synaptopathy)
Inner Ear: Damage & Protection
Natalia Tsivkovskaia*1, Claudia Fernandez1, Tiffany Altmann1, Rayne Fernandez1, Xiaobo Wang1, Pranav
Mathur1, Sairey Siegel1, stephanie Szobota1, Phillip Uribe1, Anna Stepanenko1, Bonnie Jacques1, Alan Foster1,
Fabrice Piu1
1
Otonomy, Inc
Background
Neurotrophins and their mimetics represent potential treatments for hearing disorders because of their trophic
effects on spiral ganglion neurons (SGNs) and their synapses whose connections to hair cells may be
compromised in many forms of hearing loss. Studies in noise or ototoxin-exposed animals have shown that
local delivery of the neurotrophins neurotrophin-3 (NT-3) or brain-derived neurotrophic factor (BDNF) has
beneficial effects on SGNs, their afferent fibers and hearing. We previously evaluated several TrkB or TrkC
monoclonal antibody agonists and small molecules, along with BDNF and NT-3, in rat cochlear ex-vivo
models relevant to synaptopathic hearing loss. The TrkB monoclonal antibody agonist M3 exhibited the
greatest effects on SGN survival, neurite outgrowth and branching, comparable to that of BDNF. In
organotypic cochlear explants, BDNF and M3 enhanced synapse formation between SGNs and inner hair cells
and restored these connections after excitotoxin-induced synaptopathy (Szobota et al, 2019, PLoS One
14(10):e0224022). Since the M3 antibody has a distinct profile to neurotrophin proteins, being a highly
selective TrkB agonist that does not activate p75, as well as the presumed improved biostability of antibodies,
we developed an intratympanic formulation and further characterized its otoprotective effects in a model of
noise-induced cochlear synaptopathy in the rat.
Methods
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Adult rats (Sprague-Dawley) served as subjects in these studies. Pharmacokinetic experiments were conducted
following a single intratympanic administration of M3 to monitor drug levels in the inner ear compartment.
Animals were also evaluated in a noise-induced cochlear synaptopathy model. Specifically, animals were
acutely exposed to noise (105 dB, 8-16 kHz, 1h) then received a single intratympanic injection of M3 and
were followed up to 28 days. Hearing function was monitored (ABR, Wave 1 amplitude) throughout the course
of the studies. At termination, evidence of cochlear synaptopathy was determined histologically by quantifying
the number of synaptic puncta associated with the inner hair cells.
Results
Local delivery to the rat ear provided significant and dose-dependent sustained exposure of M3 to the inner
ear for several weeks, as determined by ELISA. Audiological measures (ABR, wave 1 amplitude) and
histological evidence of cochlear function (ribbon synapse counts, hair cell viability) demonstrated a dosedependent improvement in parameters of hearing function similar to that achieved with intratympanic
administration of BDNF.
Conclusions
The TrkB mAb agonist M3 was effective in alleviating noise-induced hearing loss in an in-vivo model of
cochlear synaptopathy and demonstrated a suitable pharmacokinetic profile, thereby constituting an attractive
and novel therapeutic approach for the treatment of hearing loss and the preservation of cochlear neurons.
M72. Computational Modeling of Intracochlear AAV Vector-Based Gene Delivery for Treatment of
Sensorineural Hearing Loss
Inner Ear: Drug Delivery
James Truslow1, Vishal Tandon1, William Sewell2, Gregory Lin3, Nicholas Dewyer2, Ruwan Kiringoda2,
Emmanuel Simons4, Michael McKenna4, Jeffrey Borenstein*1
1
Draper, 2Mass Eye and Ear, 3Harvard University, 4Akouos
Background
Precise, safe, and efficacious delivery of therapeutic compounds to the cochlea remains one of the most
significant challenges for treatment of sensorineural hearing loss. Conventional routes of delivery suffer from
numerous barriers to drug transport, and intratympanic administration often fails due to the properties of the
therapeutic molecule and variable permeability of the round window membrane. Here we describe a
computational model for adeno-associated viral (AAV) vector gene delivery capable of predicting
spatiotemporal transport as a function of key parameters including molecular weight, infusion time, bolus size,
and delivery rate. Geometric properties of the cochlea were obtained by mapping high resolution
computerized tomography (CT) images into a three-dimensional architecture within which the model is
established.
Methods
Computational models for drug transport were developed using the commercially available finite element
analysis tool COMSOL, including both a pseudo-2D convection-diffusion model and a full 3D model
configuration. Key information on cochlear geometry for sheep and human was derived from the literature
and from cochlear fluids simulation work of Salt and colleagues. Input parameters for the model included
relevant transport properties of compounds, drug bolus volume and infusion rate, and characteristics of the
surgical approach, including the location and size of the entrance hole in the round window membrane, and
the presence and properties of an exit hole, or vent, in the oval window to facilitate downstream transport.
Micro-CT images of human cochleae were obtained and mapped into a three-dimensional array suitable for
incorporation into the COMSOL computational architecture. Simulations were run across a range of
conditions.
Results
Both 2D and 3D simulations run for intracochlear delivery of AAV vector-based compounds in sheep and
human cochlear geometries indicated that at an hour after injection, (1) for a constant bolus size, infusion rate
has a negligible effect on virus distribution; (2) the bolus size is the most important parameter governing
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vector concentration; and (3) in the human, a bolus size over 60µl achieves high (>80% initial) concentration
and low (SD < 15%) variability in distribution. The presence of an exit hole or vent in the oval window
strongly enhanced distribution in an acute delivery (1 to 5 minutes).
Conclusions
Computational simulations were performed for transport of AAV vector-based gene delivery in 2D and 3D
models of the cochlea, utilizing parameters suitable for sheep and humans. These results highlight the
potential of safe and efficacious administration of complex therapeutic agents via an intracochlear route with
injection through the round window membrane and a vent in the oval window.
M73. Posterior Semicircular Canal Gene Delivery in the Adult Mammalian Inner Ear
Inner Ear: Drug Delivery
Jianliang Zhu*1, Jin Woong Choi1, Kevin Isgrig1, Yasuko Ishibashi1, Jean Bennett2, Wade W. Chien1
1
NIDCD, 2University of Pennsylvania
Background
The posterior semicircular canal (PSCC) approach is a well-established surgical approach for accessing the
mouse inner ear for gene delivery. Several studies have successfully used the PSCC approach to deliver inner
ear gene therapy to neonatal mouse models of hearing loss and dizziness. The otic capsule in neonatal mice is
cartilaginous, and the injection micropipette can readily penetrate through the wall of the PSCC for gene
delivery. In adult mice, the otic capsule is ossified, making gene delivery more challenging. In this study, we
examine various technical aspects of PSCC gene delivery in the adult mouse inner ear.
Methods
Adult (>P30) CBA/J mice were used in this study. AAV2.7m8-GFP was injected into mouse inner ear using
the PSCC approach. The injection volume and injection rate were varied. Immunohistochemistry was used to
assess the infection efficiency. ABR was used to assess auditory function 1 week after gene delivery.
Results
AAV2.7m8 is capable of transducing inner and outer hair cells in the adult mouse cochlea at high levels. Up
to 2 µl can be safely delivered to the adult mouse inner ear without causing ABR threshold shift. Technical
aspects of the surgical access, such as the opening time of PSCC and injection rate, can affect ABR thresholds.
In addition, the rate of injection has a significant effect on transgene expression, with slower rate of injection
resulting in higher hair cell transduction.
Conclusions
Our study showed the methodology for viral gene delivery in adult mouse inner ear is more challenging than
that in neonatal mouse inner ear. Surgical technique and injection rate can have a significant impact on
auditory function and transgene expression in the adult mouse inner ear.
M74. Biocompatibility and Bioefficacy of Different Dexamethasone-Formulations in Vitro
Inner Ear: Drug Delivery
Ziwen Gao*1, Jana Schwieger1, Peter Behrens2, Thomas Lenarz1, Verena Scheper1
1
Hannover Medical School, 2Institut für Anorganische Chemie, Leibniz Universität Hannover
Background
Dexamethasone is widely used in preclinical studies and clinical trials to establish a pharmacotherapy to
reduce fibrosis and preserve residual hearing to optimize the cochlear implantation outcome. The results of
those studies vary widely. Most publications do not specify which dexamethasone form exactly is applied.
The variability of study outcomes may be due to the different dexamethasone molecules and formulations
used. Those formulations have different pharmacokinetic properties and may differ in biocompatibility and
bioefficacy.
Methods
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Four in publications frequently named dexamethasone forms were tested in increasing concentrations (3, 150,
300, 600 and 900 µM): pure dexamethasone (C22H29FO5) as laboratory reference standard (LRS) or
micronized dexamethasone (MD), and dexamethasone sodium phosphate (C22H28FNa2O8P) as
dexamethasone dihydrogen phosphate-Disodium (DDP; Fortecortin®) or dexamethasone sodium phosphate
(DSP). The biocompatibility was tested with a mouse fibroblast cell line using MTT assay which is reduced
to purple formazan in living cells, indicating cell viability. Subsequently bioefficacy was tested with a TNFαreduction test using dendritic cells being stressed with lipopolisaccharide. The TNFα production should be
reduced by dexamethasone and was measured by ELISA. The two safest concentrations of each form
identified in the MTT-test were evaluated in the TNFα-test.

Results
The best cell survival rate was detected for LRS and DDP at 300 µM, for MD at 60 µM, and DSP at 150 µM.
Beginning with DDP at 300µM the dexamethasone forms start to be toxic for mouse fibroblasts. The two
tested biocompatible dexamethasone concentrations of each dexamethasone form resulted in significantly
inhibited expression of TNFα, with DSP having the highest effect.
Conclusions
Different dexamethasone forms need to be applied in different concentration ranges to be biocompatible. All
forms tested in the respective biocompatible concentrations reduced the TNFα-production, indicating that they
may have anti-inflammatory capacity in vivo. Therefore, we recommend choosing the concentration to be
applied in future studies carefully based on the respective dexamethasone form to ensure biocompatibility and
bioefficacy.
M75. The Expression of the ACE-2 the Receptor for SARS-CoV-2 in the Eustachian Tube: An
Immunohistochemical Study
Middle & External Ear
Akira Ishiyama1, Gail Ishiyama1, Ivan Lopez*1
1
David Geffen School of Medicine at UCLA
Background
One of the functions of the Eustachian tube (ET) is to ventilate the middle ear and protect the middle ear from
pathogens introduced into the nasal passageways, and to help drain secretions. Anatomically, the ET runs
inferiorly, anteriorly, and medially from the hypotympanum to the nasopharynx and compromised of a bony
and a cartilaginous portion. Viral infections in the ET have been well documented. Coronaviruses have been
detected in the ET in acute otitis media. SARS-CoV-2 virus has been isolated from the mastoid and middle
ear, raising precautions during ear surgery in patients diagnosed with COVID-19 infection (Frazier et al.,
2020). Using immunohistochemistry (IHC), we identify angiotensin I converting enzyme 2 (ACE-2) in
epithelial air cells of the normal human ET.
Methods
Celloidin-embedded sections containing the ET from human temporal bones acquired at autopsy from
individuals with no auditory or balance disorders (N=5, 3 male, 2 female, ages 65 to 75) were used.
Immunofluorescence (IF) and IHC staining were performed using ACE-2 mouse affinity purified monoclonal
antibodies. Secondary antibodies against mouse (Alexa 488) or HRP labeled were used for visualization of
the ACE-2-IF or IHC. Detailed IHC analysis was performed in sections containing the middle ear and the
oropharyngeal portion. Digital images were obtained using a Leica (SP8) laser confocal microscope.
Results
ACE-2-immunoreactivity -IR was present in the epithelial aerial cells of the ET in celloidin embedded sections
from normal temporal bones. The mucosal epithelium near the pharyngeal opening is lined with
pseudostratified ciliated columnar epithelium composed of ciliated and globet cells. There was a gradual
change to a mixture of ciliated, globet, and squamous cells near the tympanic opening. ACE-IR was localized
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in the apical portion of the mucosal epithelium, with a differential distribution of ACE-IR, with higher
expression in proximity towards the pharyngeal opening. ACE-2-IR was less prominent in mucosal epithelium
of the ET within the osseous ET portion near the tympanic opening.
Conclusions
ACE-2-IR in the apical portion of epithelial aerial cells of the ET suggest that SARS-CoV2 virus may be able
to enter to the middle ear and inner ear structures by invading epithelial cells of the ear.
M76. Otopathologic Evaluation of the Incudostapedial Joint in Rheumatoid Arthritis
Middle & External Ear
Melissa Castillo Bustamante*1, Prithwijit Roychowdhury1, Mio Uchiyama2, Sebahattin Cureoglu2, Dhrumi
Gandhi1, Elliott Kozin1, Aaron Remenschneider1
1
Massachusetts Eye and Ear Infirmary, 2University of Minnesota
Background
Rheumatoid arthritis (RA) commonly affects the diathrodial joints of the hands, leading to physical disability
and impaired quality of life. The degree to which RA affects the diarthrodial joints of the middle ear remains
unknown. Preliminary studies have demonstrated pathologic changes to occur within the larger incudomallear
joint; however, the effects of RA on the smaller incudostapedial joint (ISJ) have not been described. Herein,
we performed an otopathologic analysis of the ISJ in adult human specimens with a history of RA.
Methods
The National Temporal Bone Database was reviewed for cases with RA during life. Specimens were compared
to age matched controls without history of RA. All specimens were analyzed using hematoxylin and eosin
stains by light microscopy and immunohistochemistry including antibodies to inflammatory cells, CD3 and
CD20. Incudostapedial joint characteristics were qualitatively and quantitatively described using previously
defined techniques
Results
Twenty ears (specimens) with RA and 18 controls were identified. Mean age was not significantly different
between RA and control groups [(63.6 vs 69.3, (p= 0.17)]. Females comprised 75% of RA specimens and
80% of controls. Incudostapedial findings in specimens with RA included diminished joint space, basophilic
and inflammatory cell infiltrate. These findings were not present in control specimens. In individuals with RA,
narrowing spaces between ossicles (p= 0.0130), diminished meniscus spaces (p=0.029) and diminished
cartilage areas on incus (p= 0.0094) and stapes (p= 0.0074) were found compared to controls. CD3 and CD20
staining was positive in calcified and total cartilage areas for RA specimens while controls showed weak
staining with CD3 and no staining with CD20.
Conclusions
Pathologic differences are found in individuals with RA at the ISJ compared to controls. Cartilage and
meniscus areas were smaller compared to controls. CD3 positivity in RA suggests inflammatory involvement
within the ISJ. Findings may have implications for middle ear sound transduction in RA patients.
M77. Stiffening of the Human Middle Ear by Stapedial Muscle Tension in Ossiculoplasty
Middle & External Ear
Merlin Schaer*1, Birthe Warnholtz1, Ivo Dobrev1, Christof Roeoesli1, Alexander Huber1, Jae Hoon Sim1
1
University Hospital Zurich, University of Zurich
Background
Tensile forces by the stapedial muscle increase middle-ear stiffness, providing a protection mechanism against
high-intensity stimuli. This protective function of the stapedial muscle can be maintained in some surgical
reconstructions of the middle ear, such as ossiculoplasty with partial ossicular replacement prostheses (PORP).
Preloads on the PORP, e.g., due to excessive prosthesis length, may affect the outcome of postoperative
acoustic reflex tests. However, it is not clear how the preloads affect the outcome of the test. With a clear
understanding of the effect of tensile forces by the stapedial muscle under different preloads on the PORP, the
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acoustic reflex tests could be used to assess surgical outcome and reveal excessive preload of middle-ear
structures. Furthermore, the related data may be used for validation of a recently developed numerical model
of preload conditions on the stapedial annular ligament (AL), which is known to exhibit pronounced stiffening
under preload. In this study, we investigate the effect of stapedial muscle tension under different PORP
preloads on middle-ear transfer function and wideband absorbance.
Methods
Experiments were conducted in fresh-frozen human cadaveric temporal bones. Fixed and ball-joint TTPTübingen type PORP (Heinz KURZ GmbH, Germany) were used for the experiments. The upper part
(tympanic membrane, malleus, and incus) was separated from the lower part of the temporal bone (stapes and
cochlea) in order to provide controlled preload by mounting the upper part on motorized micro-stages and
aligning the PORP perpendicular to the footplate plane of the stapes. Starting from a baseline position
corresponding to the weakest detectable coupling of the prosthesis to the stapes, the upper part was
incrementally moved to increase preload. For each preload condition of the PORP, first no muscle pulling
force and then constant static pulling forces of 10 – 40 mN were applied on the stapedial muscle via a 3-axis
force sensor (PalpEar, Sensoptic, Switzerland). The middle-ear transfer function was measured with a 3D laser
Doppler vibrometer (Polytec GmbH, Germany), and the wideband absorbance was obtained from a
tympanometer (Titan, Interacoustics, Denmark) for each of the conditions.
Results
Experimental results indicate a stiffening of the AL with increasing PORP preload and tensile forces by the
stapedial muscle. For high preloads of the PORP, the relative stiffening effect of the tensile muscle forces was
lower. The same behavior could be observed in simulations with the numerical model of the stapes and AL.
The effect was less pronounced for the PORP with a ball joint.
Conclusions
Wideband tympanometry with acoustic reflex tests may reveal excessive pretension on middle-ear structures
as a cause of residual hearing loss after ossiculoplasty with the fixed and ball-joint PORP. The excessive
pretension can be detected based on reduction of the middle-ear impedance changes with stapedial muscle
tension.
M78. Potential Clinical Indicators of Subclinical Hearing Problems: Extended High Frequency
Audiometry, Acoustic Reflexes and Basic Electrophysiology in the Normal Hearing Population
Other, Audiology and subclinical hearing loss
Ward Drennan*1
1
University of Washington
Background
Individuals often complain of hearing problems when audiological measures are categorized as “normal”
indicating possible subclinical hearing loss in which they have hearing deficiencies that are not identified in
standard practice. Such problems might be induced by noise exposure. Comparative studies in the last decade
have suggested that synaptopathy or neural injury might occur in the absence hair cell loss which could
manifest as reduced acoustic reflex or electrophysiological responses in the presence of normal detection
thresholds.
Methods
This study investigated possible indicators of subclinical hearing loss. Independent variables included age and
self-reported, life-time noise exposure, evaluated using the Lifetime Exposure to Noise and Solvent
Questionnaire (LENSQ). Behavioral measures included conventional audiometry, extended high-frequency
(EHF) audiometry to 16 KHz, and word recognition in noise using a closed set, 12-alternative, diotic spondeesin-noise task to minimize extraneous variance (N=51). Middle ear, cochlear, and nerve function were
evaluated with ipsi- and contra-lateral acoustic reflex (AR) responses (N = 46), and electrocochleography
(ECoG) (N=37), measuring summation potentials (cochlear response) and action potentials (nerve response).
Standard clinical equipment was used for all tests. Pure tones of 1 KHz and high-pass noise were used as
elicitors. Ipsilateral and contralateral AR thresholds were measured AR magnitudes from 80 to 105 dB SPL.
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ECoG was done using 21.1 pps click trains at 70, 80, and 90 dB SPL in each ear. Normal-hearing people
participated. They were screened for normal otoacoustic emissions and ranged in age from 18-51.
Results
AR thresholds (R = - 0.36) and magnitudes (R = - 0.31) correlated with life-time noise exposure and had no
significant relationships with age. ECoG SP/AP ratios showed no significant relationships with noise exposure
or age, but the AP showed a significant relationship with age (R = -0.51) and noise exposure (R = -0.35) The
SP was related with LENSQ (R = -0.31) and age (R = -0.26), although the age effect was not statistically
significant. EHF thresholds were highly correlated with age and showed age-independent relationships with
word recognition in noise (pR = 0.43) as well as the AR responses (pR = 0.39 and -0.39 for thresholds and
magnitudes, respectively). Controlling for age, relationships between conventional detection thresholds and
word recognition, AR responses, and ECoG data were not statistically significant.
Conclusions
EHF thresholds provide better indications of subclinical hearing problems than conventional audiometry. EHF
thresholds indicated worsening word recognition in noise and reduced acoustic reflexes independent of age.
Covarying with age, EHF thresholds also indicated decreased action potentials. There are possible effects of
age-related synaptopathy in the AP responses and noise-related synaptopathy in the AR responses, but these
effects were not necessarily independent of reduced cochlear function, because higher EHF thresholds,
expected to increase with reduced outer-hair cell function, showed similar effects.
M79. Traditional and Novel Metrics From Standard Physiological Measures: Normative Data From
Macaque Monkeys
Other, Auditory Electrophysiology
Amy Stahl*1, Jane Burton1, Namrata Temghare1, Troy Hackett1, Ramnarayan Ramachandran1
1
Vanderbilt University
Background
Auditory brainstem responses (ABRs) and distortion product otoacoustic emissions (DPOAEs) are measures
of auditory system function that are used as diagnostic tools in the audiology clinic. However, recent work
has revealed that cochlear pathology can occur while remaining undetected by clinical diagnostics (hidden
hearing loss, HHL), requiring creation of new diagnostics. Though diagnostics are being developed in smaller
animal models, research in nonhuman primates may be helpful for translation to human populations due to
their comparable auditory anatomy, physiology, genetic heterogeneity, and susceptibility to hearing damage.
We report normative non-invasive electrophysiological metrics that we obtained in our search for diagnostic
tools for cochlear synaptopathy.
Methods
Subjects were young, otologically normal macaque monkeys (Macaca mulatta, 6-10 years old, n=35).
DPOAEs (f2 = 0.5-10 kHz; f2/f1 = 1.15, 1.20, 1.22, 1.25; L1-L2 = 10 or 0 dB) were measured over L2 = 2070 dB SPL. ABRs (vertex-to-mastoid, VM, and vertex-to-tympanic membrane, VT, montages) were measured
in response to clicks and tonebursts (0.5 – 32 kHz) from 10-90 dB SPL, and to click pairs of varying interclick
interval (ICI, 1 – 10 ms) at 27.7/s presentation rate. ABRs were also measured to clicks at 70-90 dB SPL at
varying presentation rates (27.7/s to 200/s). Collection parameters were optimized in a subset of subjects prior
to establishing normative datasets.
Results
DPOAE amplitudes were highest for f2/f1 = 1.22 and L1-L2 = 10, similar to human clinical standards. Under
these optimized parameters, mean DPOAE amplitudes increased with primary tone frequency and level.
DPOAE thresholds were lowest in the mid-to-high frequencies, but highly variable across subjects (STDEV
range: 1.9-15 dB SPL).
ABRs to clicks and tonebursts in the VM electrode montage revealed four characteristic waveform
components (Waves I-IV). The VT montage revealed larger Wave-I amplitudes but did not reliably show
other waveform components and resulted in higher thresholds. ABR toneburst thresholds using the VM
montage followed a frequency-specific U-shape and were lowest between 4-24 kHz. Group data and withinpg. 87
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subject test re-test data revealed that ABR wave-I amplitudes exhibited significant inter- and intrasubject
variability. Stimulus presentation rate (up to 200 Hz) did not significantly affect Wave-I amplitudes to clicks.
Responses to click pairs showed that the relative amplitude of the second Wave-I decreased as ICI decreased.
Notably, paired click Wave-I amplitude ratios had low inter-subject variability (STDEV range: 0.08-0.30).
Conclusions
In contrast to data from smaller animal models, macaque DPOAE amplitudes and thresholds and ABR wave
amplitudes were variable, similar to human data. Though click and toneburst ABRs may be limited
diagnostically, other stimuli, such as paired clicks or chirps, may provide greater diagnostic specificity in
larger animal models and humans. [Funding: NIH R01 DC 15988 (PI: Ramachandran and ShinnCunningham)]

M80. The New Anesthetic Regimen Tiletamine-Zolazepam/Xylazine Improves Audiometry
Recordings in Rats Without Affecting Susceptibility to Noise-Induced Hearing Loss
Other, Audiometry Method Improvement
Viviana Delgado Betancourt1, Pauline Liaudet1, Emilie Bousquet1, Christophe Tranv Van Ba1, Mathieu
Petremann*1, Laurent Désiré1
1
SENSORION
Background
The auditory brainstem responses (ABRs) and the distortion product otoacoustic emissions (DPOAEs) are
two audiometry measures commonly used to determine hearing sensitivity and cochlear health in laboratory
animals. Ketamine/xylazine anesthesia is commonly used to immobilize animals during audiometry
recordings, in association to a tranquilizer premedication such as acepromazine. However, several extra doses
are required to maintain anesthesia up to 2 hours recordings duration, increasing the risk of overdosing and
mortality. An alternative to ketamine combinations to obtain deeper and longer anesthesia is tiletaminezolazepam, a 1:1 combination of a dissociative anesthetic with a benzodiazepine tranquilizer. Tiletaminezolazepam has a wide safety margin in rats and could be associated to xylazine in order to improve
antinociception (Wilson et al., 1993). Here, we report the benefits of the new anesthetic regimen tiletaminezolazepam/xylazine for audiometry recordings in a rat model of noise-induced hearing loss.
Methods
Audiometry recordings (ABRs at 8/16/24/32 kHz and DPOAEs at 4/8/16/24/32 kHz) were performed at
baseline, then 24 hours and 8 days after noise-induced hearing loss. Following baseline audiometry, 7 weeks
old awake male Wistar rats were exposed to 120 dB SPL octave band noise (8-16 kHz) for 2 hours in order to
induce hearing loss. For audiometry recordings, rats were anesthetized either with a single dose tiletaminezolazepam/xylazine 30/5 mg/kg i.m, or premedicated with acepromazine 2 mg/kg s.c and then anesthetized
with ketamine/xylazine 50/4 mg/kg i.m (control group). Efficacy and safety of tiletamine-zolazepam/xylazine
regimen, and eventual impact on audiometry measures and on susceptibility to noise-induced hearing loss,
were evaluated in comparison to control group.
Results
With a single injection, anesthesia onset, duration and associated mortality were all notably improved in the
tiletamine-zolazepam/xylazine group in comparison to control group (< 5 min vs 25 min, 2.5 h vs 0.5 h, and
0% vs 10%, respectively). Before acoustic trauma, there were no statistically significant differences on
baseline ABR thresholds and DPOAE amplitudes across all tested frequencies, between both anesthesia
regimens (p > 0.05). 24 hours and 8 days after acoustic trauma, ABR threshold shifts and DPOAE amplitude
losses across all tested frequencies were neither not statistically significantly different between groups (p >
0.05). Interestingly, ABR recordings signal quality and background noise level showed visual improvement
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in the tiletamine-zolazepam/xylazine group compared to control group, facilitating ABR thresholds
determination.
Conclusions
These results demonstrate for the first time, in a noise-induced hearing loss rat model, that the new anesthetic
regimen tiletamine-zolazepam/xylazine provides better efficacy and safety than the commonly used
acepromazine + ketamine/xylazine regimen, with no negative impact on ABR thresholds or DPOAE
amplitudes, as well as on noise-induced hearing loss susceptibility. Tiletamine-zolazepam/xylazine regimen
benefits could also be considered with respect to the quality and the ease of any experimental protocol
requiring deep and lasting anesthesia with antinociceptive properties.
M81. A Prairie Vole Model of Acoustic Communication: Developmental Changes in Ultrasonic
Vocalizations
Other, Development
Drayson Campbell*1, Charles Ford IV1, Amélie Borie1, Larry Young1, Robert Liu1
1
Emory University
Background
Impairments in social communication are common among neurodevelopmental disorders, including autism
spectrum disorders and schizophrenia. In studying these disorders, traditional animal models like the mouse
and rat are commonly employed. However, their translational utility is restricted to expressed traits, which
often fail to capture the rich repertoire of human social behaviors, including the ability to form long-lasting
social bonds. Prairie voles (Microtus ochragaster) hold strong promise in curtailing these limitations as they
are exceptionally social, form long-term monogamous relationships with mates, and exhibit biparental and
alloparental rearing of pups. Furthermore, outbreeding ensures notable variation in both neurobiology and
behavior that better models human behavioral diversity. These behaviors are enabled by auditory
communication including the use of ultrasonic vocalizations (USVs), whose ontogeny is poorly understood.
Describing this physiological development will prepare studies examining early life experience's impact on
social function. Here, we characterize the changes in USV features as pups age, laying the groundwork for
future studies of early life social communication.
Methods
Pups at postnatal days 8, 10, 12, 14, and 16 (n=3, 11, 13, 13, and 12, respectively) were removed from their
home cage and recorded in isolation over 10 minutes. Audio files were passed through a DeepSqueak faster
regional convolutional neural network custom-trained to detect prairie vole pup USVs and a custom denoising
neural network to remove lingering false positives (Coffey et al., 2019). MATLAB scripts extracted relevant
information for analysis.
Results
Vocalizations are organized into segments, calls, and bouts. Inter-segment intervals (time from one segment’s
conclusion to the next segment's onset) were modeled to determine thresholds for consolidating segments into
a single call and calls into a single bout for each age. Contour plots (median frequency vs. duration) indicate
vocalizations vary less in duration and median frequency between successive ages. Developmental trends are
also evident from cumulative probability distributions of vocalizations' properties. For segments, durations
steadily shorten, high median frequencies (>40 kHz) become less common, and bandwidths (highest - lowest
frequency) decrease. Calls follow similar, more robust trends in duration and bandwidth. Bouts repeat this
pattern only for bandwidths.
Conclusions
Results pertaining to segment-call-bout intervals suggests the structural organization of USVs does not change
with development. However, these vocalizations become far more stereotyped with age, suggesting P8 to P16
is a critical period during which pups tune their vocalizations for communicative purposes. Experience may
play a role in developing social behavior; other data from our research group indicates that adults can
distinguish USVs from different sources despite similar spectral characteristics. Existing neurochemical or
behavioral interventions may be useful for probing this development. The utility of the prairie vole as a model
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organism should maximize any resulting findings' translational potential to human neurodevelopmental
disorders characterized by communication deficits.
M82. AAV9-PHP.B Gene Therapy Rescues Hearing in Mice With Recessive and Dominant TMC1
Mutations
Other, Inner Ear Gene Therapy
Carl Nist-Lund*1, Jason Wu1, Paola Solanes2, Sofia Spataro2, Olga Shubina-Oleinik1, Irina Marcovich1,
Hannah Goldberg1, Bernard Schneider3, Jeffrey Holt1
1
Harvard Medical School/Boston Children's Hospital, 2Brain Mind Institute/EPFL, 3Brain Mind Institute &
Bertarelli Platform for Gene Therapy/EPFL
Background
Gene replacement and gene editing strategies using adeno-associated viral vectors (AAVs) have shown strong
therapeutic promise for a variety of genes involved in hearing loss and deafness. Supplementation of the gene
encoding Transmembrane Channel Protein 1 (TMC1), the mechanosensitive ion channel responsible for
hearing in mammals, with the Anc80.L65 capsid, has been shown effective for partial recovery of hearing in
Tmc1 KO mice. Recently, the synthetic capsid AAV9-PHP.B in conjunction with a new delivery approach
(via the utricle) has been shown to increase transduction efficiency of both inner and outer hair cells of the
mouse cochlea. We sought to improve upon the prior hearing recovery shown in the Tmc1 KO mouse model
alongside two other TMC1 models that include the recessively inherited Baringo mutation (DFNB7/11) and
autosomal dominant Beethoven (DFNA36).
Methods
We first generated AAV9-PHP.B vectors carrying either the wild-type coding sequence of Tmc1, used for
gene replacement studies, and vectors carrying either spCas9 or gRNA sequences for our dual-vector gene
editing strategy. We attempted recovery with injections at postnatal day P1 or later at P7 to explore hearing
recovery at a delayed age of intervention. We assessed hearing recovery via auditory brainstem response
(ABR) and distortion product otoacoustic emission (DPOAE) measurements at 4, 8, 12, and 24 weeks, and
performed immunohistochemical analysis to characterize the number of hair cells surviving at either 12 or 24
weeks.
Results
While Tmc1 KO mice are born deaf, when we delivered AAV9-PHP.B driving Tmc1 expression into neonatal
mice at P1, hearing thresholds were restored to near wild‐type levels. The same treatment in the recessive
Baringo model carrying a single point mutation in Tmc1 recovered low-frequency hearing thresholds down
to wild-type levels and showed moderate threshold recovery even at later injection timepoints. Finally, in the
Beethoven model of progressive hearing loss, dual delivery of SpCas9 and gRNA in separate AAV9-PHP.B
vectors selectively disrupted the dominant mutant Beethoven Tmc1 allele while leaving the wild-type allele
unchanged to maintain hearing. Dual transduction of spCas9 and gRNAs in Beethoven mice preserved
DPOAEs until 24 weeks of age, indicating prolonged outer hair cell function.
Conclusions
This body of work represents the strongest inner ear gene therapy data for treatment of Tmc1-related deafness
to date. The recovery seen across all three Tmc1 mouse models show that gene therapies using either single
or dual AAV9-PHP.B vectors offer potent and versatile approaches for treating both recessive and dominant
forms of deafness. The approaches described can be readily adopted for other hearing loss genes of interest.
For example, the highly efficient transduction efficiency of AAV9-PHP.B allows for dual delivery of
CRISPR/Cas9 reagents with gRNAs targeting other genes or the delivery of gene sequences that exceed the
carrying capacity of a single AAV.
M83. Auditory Function Modulation in Mice Associated With the Gender of the Experimenter
Otoacoustic Emissions
Nantian Lin*1, Benjamin Yang1, Rebecca Cook1, Shinji Urata1, Grant Connor1, Tomoko Makishima1
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University of Texas Medical Branch

Background
In humans, females have better hearing than males. Similar gender-based difference in auditory function of
mice has been suggested. The origin of gender-based difference is likely multifactorial, such as anatomical
and psychosocial factors affecting the auditory behavior. In studies in pain response, mice displayed a greater
stress response when a male experimenter was present. Similarly, in auditory behavior, we hypothesize that
gender difference in performance can be induced by different genders of the human experimenter. We also
hypothesize that this difference is associated with the interaction between the olfactory system and the auditory
system, and that the olfactory inputs associated with the experimenter affect the auditory performance results.
Methods
The auditory function in male and female mice (n=5 each) were assessed by male or female experimenters.
The mice were administered intraperitoneal methimazole to eliminate general olfactory input or
cyclophosphamide to eliminate pheromonal olfactory input. Auditory function was assessed with auditory
brainstem response (ABR) and distortion product otoacoustic emission (DPOAE) performed at baseline, seven
days post-methimazole injection, 30 days post-methimazole injection, seven days post-cyclophosphamide
injection, and 30 days post-cyclophosphamide injection. The results were compared between male and female
mice as well as between the male and female experimenters.
Results
There was no significant difference in ABR results when compared between male and female experimenter
or between male and female mice. However, with DPOAE, when tested by the female experimenter at 7 days
post-methimazole, the distortion product (DP) amplitude in female mice showed a significant decline
compared to that at baseline. This difference was recovered at 30 days post-methimazole injection. The
reduction in DP amplitude did not occur after cyclophosphamide injection. The sum of DP amplitude of male
and female mice did not change significantly in the male experimenter group.
Conclusions
Our data imply that female mice have better hearing performance when tested by a female tester, and male
mice have better hearing performance when tested by a male tester. Although this difference may not affect
the overall evaluation in an auditory function study, gender differences should be considered and interpreted
with caution with any neurobehavioral experiment.
M84. Effect of Temporal Regularity of Preceding Sounds on Medial Olivocochlear Reflex
Otoacoustic Emissions
Yuki Ishizka*1, Sho Otsuka2, Seiji Nakagawa2
1
Chiba university, 2Center for Frontier Medical Engineering, Chiba Univ.,
Background
The medial olivocochlear reflex (MOCR), which is efferent feedback activated by acoustic stimulation, exerts
an inhibitory effect on the outer hair cells (OHCs). Our previous studies showed that a preceding sound
expedites MOCR, which suggests that temporal expectation about the timing of stimulus occurrence can
modulate MOCR. These investigations were limited to the effect of a single preceding stimulus on MOCR.
However, the temporal characteristics of preceding sequences, such as regularity and rhythm, also contain
cues for temporal expectation about the timing of upcoming sounds. Here, we examined the effect of jitters
that violate the temporal regularity of preceding sounds on MOCR (Experiment 1) and determined the number
of preceding sounds required to modulate MOCR (Experiment 2).
Methods
We measured the suppression of otoacoustic emissions (OAEs) induced by contralateral noise. This
suppression is thought to reflect the MOCR-induced gain reduction of OHCs, which is activated by
contralateral acoustic stimulation. OAEs were evoked by clicks, which were presented at the rate of 40 clicks
per second and a peak equivalent sound pressure level (SPL) of 60 dB. In Experiment 1, a stimulus block for
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the contralateral ear was composed of noise, which induced MOCR, and three tones that preceded the noise.
Predictability of the timing of noise occurrence was modulated by adding jitter to the inter-stimulus interval
(ISI) between the tone bursts and noise. For normal condition, the ISIs were set to 500 ms. For the jittered
conditions, each tone burst and noise was randomly delayed or front-loaded by ΔT (fixed within a stimulus
block). ΔT was randomly selected from 50, 100, 150, 200, and 250 ms for each stimulus block. In Experiment
2, one stimulus block for the contralateral ear was composed of noise and one to three tones that preceded it.
The ISIs of the tone bursts and noise were fixed at 500 ms. The SPL of the tone bursts and noise was 60 dB.
Results
In Experiment 1, OAE suppression was greater during the normal condition than during the jittered conditions;
the OAE suppression decreased with increasing jitter addition to the sound sequences. In Experiment 2, a
greater OAE suppression was induced by noise preceded by three tones than by that preceded by one or two
tones.
Conclusions
We showed that MOCR can be enhanced by the temporal regularity of preceding sound sequences, and at
least three preceding regularly presented sounds are required to enhance MOCR.

M85. Is There a Relationship Between ABO Blood Group and Human Auditory Function? A
Literature Review
Otoacoustic Emissions
Changgeng Mo*1, Bradley McPherson1
1
The University of Hong Kong
An increasing number of research findings indicate ABO blood group status has a significant impact on human
health. However, the relationship between ABO blood group and the human auditory system remains an area
that has not been closely studied. In-depth studies of ABO blood group and human cochlear function, in
particular, are rare. This presentation reviews known studies on the relationship between ABO blood group
and the human auditory system and suggests future research directions.
The ABO blood group system was discovered by Karl Landsteiner in 1900. According to agglutination pattern,
blood types are classified as A, B, O or AB. The initial exploration of ABO blood group and auditory function
began with the study of ABO blood group and noise-induced hearing loss (NIHL), a primarily cochlear
pathology. Regarding ABO blood group and NIHL, Turkish researchers in 2003 found that workers with blood
group O were more likely to develop NIHL than non-O workers. A later study of Indian Air Force personnel
observed a higher incidence of NIHL in employees with blood group O. In recent years, a University of Hong
Kong team has investigated the relationship between OAE and blood type. Their initial study reported that
normal hearing participants (all female) with blood group O had a lower prevalence of spontaneous
otoacoustic emissions (SOAEs) and lower distortion product otoacoustic emissions (DPOAEs) amplitude
compared to participants with other ABO blood groups. Soon after, this team investigated SOAEs, DPOAEs
and transient evoked acoustic emissions (TEOAEs) in normal hearing males of different ABO blood groups.
This second study reported lower DPOAE amplitudes in participants with blood group O compared to
participants with other ABO blood groups, and most participants with blood group O lacked SOAEs responses.
In 2018 a research team based in India confirmed that blood group O young adults have significantly lower
high-frequency DPOAE amplitudes. Chinese neonates with blood group O have been also found to have
reduced SOAE occurrence and DPOAE amplitudes at some tested frequencies. Acoustic reflex thresholds
(ARTs) have recently been evaluated, with ART thresholds slightly elevated in young adults with blood group
O.
A critical review suggests limitations in the research to date. First, the completed studies often have small
sample sizes, restricting the sensitivity of inferential statistics. Second, a wider range of methods to assess
audition would give greater insight into the nature of any hearing disorder linked to blood group. Finally, most
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of the existing studies investigated young people, and the possible relationship of hearing disorder and blood
group across age should be explored. By clarifying the relationship between ABO blood group and auditory
function, we may expand our understanding of auditory function and the mechanisms of hearing loss.
M86. Neural Correlates of Visual Stimulus Encoding and Verbal Working Memory That Explain
Speech-In-Noise Perception in Cochlear Implant Users
Plasticity, Learning, & Adaptation to Hearing Impairment
Priyanka Prince*1, Brandon T. Paul1, Joseph Chen1, Trung Le1, Vincent Lin1, Andrew Dimitrijevic1
1
Sunnybrook Health Sciences Center
Background
A common concern for individuals with profound hearing loss fitted with cochlear implants (CIs) is difficulty
following conversations in noisy environments. Recent work has suggested that these difficulties are related
to individual differences in brain function, including verbal working memory and the degree of cross-modal
reorganization of auditory areas for visual processing. However, the neural basis for these relationships are
incompletely understood.
Methods
Here, we investigated neural correlates of visual, verbal working memory and sensory plasticity in 14 CI users
and 14 age-matched normal-hearing (NH) controls, and correlated CI-related neural changes in visual
processing and cognition to speech-in-noise ability. While recording high-density electroencephalography
(EEG), participants completed a modified Sternberg visual working memory task where sets of letters and
numbers were presented visually and then recalled at a later time.
Results
Results suggested that CI users had comparable behavioral working memory performance compared to NH.
However, CI users had more pronounced neural activity during visual stimulus encoding, including stronger
visual-evoked activity in auditory cortex, larger modulations of neural oscillations, and increased
frontotemporal connectivity. During memory retention of the characters, CI users in contrast had descriptively
weaker neural oscillations and significantly lower frontotemporal connectivity. Regression analysis revealed
that speech perception in noise in weaker performing CI users had higher levels of cross-modal reorganization
of auditory cortex.
Conclusions
These results reveal differences in neural correlates of visual encoding and working memory in individuals
with auditory system reafferentation after profound hearing loss and suggest that higher degrees of crossmodal reorganization of auditory cortex is associated with poorer speech-in-noise performance.
M87. Acoustic Trauma Alters Startle Response Sensitivity: Evidence of Low Intensity Hyperacusis
Plasticity, Learning, & Adaptation to Hearing Impairment
Collin Park1, Luisa Scott2, Dimitri Brunelle1, Mary Reith1, Joseph Walton*1
1
University of South Florida, 2Cognosetta, Inc.
Background
Hyperacusis is a hearing disorder in which sounds which are comfortably loud for normal hearing listeners
are perceived to be excessively loud to hearing impaired listeners. Following acoustic trauma and temporary
threshold shift several changes in the central auditory system (CAS) occur. The central gain hypothesis
proposes that CAS neurons become hyper-responsive to normal levels of input from ascending auditory
pathways, resulting in greater perceived sound level. Radziwon and colleagues recently reported that druginduced tinnitus in rats induced changes in CAS evoked response-intensity. In this study we used an acoustic
trauma (AT) model of tinnitus and observed a change in acoustic startle input/output function, suggestive of
hyperacusis.
Methods
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Awake unrestrained male CBA/CaJ mice (4 months) were placed in an acoustically transparent cage and
exposed to 1 hour of free field, 113 dB SPL, 1 kHz wide band noise centered at 16 kHz. Control animals
underwent the same procedure but without the AT. Post-trauma behavior was assessed at 5, 6, 7, and 8 weeks
using an acoustic startle response (ASR) procedure. Startle stimuli (wideband noise, 20 msec duration) were
delivered at 65, 75, 85, 95, 105, 110- and 115-dB SPL in a pseudo-random order. The resulting startle
movements were classified using an automated machine learning algorithm (Fawcett et al., 2020) to identify
startles and non-startles. True startles were used to calculate an Accepted Startle Rate. Individual responses
for each time point and intensity level were normalized to pre-trauma baselines and two-way ANOVAs
(Factors: Time Point, Trauma) were performed for each intensity. Auditory brainstem responses were recorded
to determine visual detection thresholds (VDTs) at 8, 12, 16, 24 and 32 kHz before trauma and after the last
behavior session. Animals included in analysis had high-frequency pure tone average (VDTs at 16, 24 & 32
kHz) threshold shifts of <= 20 dB.
Results
Exposure to the AT resulted in 2 distinct effects on startle response functions, 1) sensitivity to low intensity
startle elicitors (65 & 75 dB) was enhanced, resulting in both increased response amplitude and Accepted
Startle Rate, and 2) response to higher intensity elicitors (>=95 dB) was diminished, resulting in lower startle
amplitudes and Accepted Startle Rates.
Conclusions
These results are in agreement with central gain enhancement observed in evoked potentials in CAS which
show lowered thresholds and increased amplitudes in acoustically traumatized animals. Alterations in ASR
magnitude following AT has been reported in rats, mice and hamster, but only with respect to increases in
ASR amplitudes at higher startle elicitor intensities. An increase in startle response at low stimulus intensities,
as reported here, would be consistent an increased neural response in the acoustic startle circuit, while the
decreased ASR at higher intensities may indicate recruitment of CAS inhibition.
M88. Neural Correlates of Successful Auditory Category Learning
Plasticity, Learning, & Adaptation to Hearing Impairment
Kelsey Mankel*1, Gavin Bidelman1
1
School of Communication Sciences and Disorders, The University of Memphis
Background
Categorizing sounds into meaningful groups, as opposed to processing them individually, helps listeners more
efficiently process the auditory scene. Learning to map acoustic stimuli to meaning is thought to be a
foundational skill for speech perception and language development. Yet, how auditory categories develop in
the brain through learning is not well understood.
Methods
In the current study, 20 musically naïve listeners completed a brief (~20 min) training session where they
learned to identify sounds from a minor and major 3rd musical interval continuum. Identification performance
was assessed before and after training while multichannel EEG tracked neuroplastic changes in the auditory
event-related potentials (ERPs) from pre- to post-test. The amplitudes and latencies of the auditory ERPs were
quantified from a frontocentral electrode cluster as well as electrodes T7 and T8 to compare neural
categorization across the left and right temporal lobes, respectively. To rule out mere exposure-induced
changes in responses, neural effects were evaluated against a control group of 14 nonmusicians who did not
undergo identification training.
Results
Behavioral performance revealed steeper (i.e., more categorical) identification function slopes in the posttest
that correlated with better training accuracy. At the neural level, successful learning (i.e., accuracy) was
associated with a decrease in P2 amplitudes after training at frontocentral electrode sites, and better behavioral
identification was characterized by smaller P2 and late slow wave response amplitudes in the posttest. These
learning-related changes in the ERPs were not observed in control listeners who did not partake in training.
While higher training accuracy correlated with enhanced neural categorization over both T7 and T8 electrodes,
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steeper identification slopes were associated with more categorical neural responses over the right hemisphere
only (i.e., T8).
Conclusions
Collectively, our data suggest successful auditory categorical learning of nonspeech sounds is associated with
changes in neural activity beginning ~150-200 ms. These results highlight P2 as a biomarker of rapid auditory
category learning, specifically characterized by more efficient neural processing after training. Additionally,
the right hemisphere dominance for identification of musical sounds complements the left hemisphere bias
reported for speech categorization.
M89. Visual Influence on Local Field Potential in Primary Auditory Cortex of the Cat
Primary Auditory Cortex
Maja Milinkovic*1, Catherine Boucher1, Stephen Lomber1
1
McGill University
Background
The cerebal cortex processes visual signals from the eyes, and auditory signals from the ears, yet the specific
mechanisms by which the brain combines these two senses, resulting in multisensory integration, are
unknown. Core auditory cortex of the cat includes primary auditory cortex (A1) and the anterior auditory field
(AAF), and both areas respond strongly to acoustic stimuli. In hearing cats, a small number of cells in AAF
respond to tactile stimulation. Also, visual and somatosensory stimuli have been identified to influence
auditory processing in A1 of macaques. Recent work recording multiunit activity in auditory cortex of hearing
cats presents evidence for modulation by visual inputs in the earliest stages of auditory cortical processing
(A1) (Boucher et al., In Prep). However, only one study has documented visual crossmodal plasticity
following perinatal hearing loss in A1 of the cat (Rebillard et al., 1977), while others have not (Stewart &
Starr, 1970; Kral et al., 2003), indicating that cortical sensory processing remains poorly understood.
Methods
We investigated whether the local field potential in A1 of the cat exhibits multisensory integration and
examined the visual characteristics to which A1 maximally responds. These results will serve as a control for
a future study to determine the nature of crossmodal plasticity in A1 following deafness. To unveil the
functional nature of multisensory integration, enhancement/suppression and additivity of the responses will
be quantified using appropriate index measurements.
Results
Given the compelling evidence for multisensory integration obtained from multiunit activity across species,
we expect that the LFP recordings will support these findings, forming the basis for a robust model of
multisensory integration in cortex.
Conclusions
With the knowledge that primary sensory areas of cortex are multisensory integrative at the neuronal level,
this insight into the extent of visual influence in A1 may inform the mechanism(s) underlying functional
crossmodal reorganization of the core auditory cortex in deafness.
M90. Effects of the Sound Transducer Placements in Cartilage-Conduction on Hearing Threshold and
Propagation Process
Psychoacoustics
Sugawara Yusei*1, Sho Otsuka2, Seiji Nakagawa2
1
Graduate School of Science and Engineering, Chiba University, 2Center for Frontier Medical Engineering,
Chiba University
Background
In bone-conduction (BC), a sound transducer is attached to the mastoid process of the temporal bone generally
and the sound is said to be transmitted as 4 components: (1) the osseotympanic component, which involves
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sound radiated into the ear-canal; (2) the inertial BC component, which generates relative motion between the
middle-ear ossicles and the temporal bone; (3) the compressional BC component, which results from
compression and expansion of the cochlear shell; and (4) the air-conducted component, which is radiated into
the air and enters the ear-canal. BC has been applied to hearing aids, but BC-transducer has to be clamped by
steel headband and sometimes brings pain to its user. Therefore, “cartilage-conduction (CC)” has been
proposed to solve these problems, and it has been actually applied to hearing aids, and smartphones. However,
CC has limited number of studies, since the research about CC has only just begun. In addition, even in CC,
the vibrating surface often contacts not only with the aural cartilage but also with the osseous parts of the head
around the ears. In that case, effects of the transducer placements in/around the pinna on perception
characteristics and propagation mechanisms remain unclear. In this study, we measured hearing threshold and
BC-sound components in/around the head when the transducer was placed on various placements on/around
the pinna.
Methods
The new transducer was developed that consists of a piezoelectric device, which is used in existing
smartphones, and a flat acrylic plate. The transducer was placed on 3 placements (the pinna, the mastoid
process, and ear-front point: a part extends from the tragus to the mandibular condyle). Tone-busts were
presented in 6 frequencies (250, 500, 1000, 2000, 4000, and 8000 Hz).
First, hearing thresholds were measured by a 3AFC procedure under two conditions, with/without putty
earplugs. Next, ear-canal-sound pressure (ECSP) were recorded by a probe microphone fixed in the left
auditory canal, and it was conducted at five levels of stimuli intensity. And finally, vibrations of the head were
measured by an acceleration sensor fixed to the forehead.
Results
In the both conditions with/without putty earplugs, the pinna and ear-front point showed smaller thresholds
than the mastoid process in the low frequencies. ECSP in the pinna and ear-front point were significantly
larger than that in the mastoid process at low frequencies. There was no difference between vibrations of the
head in the pinna and ear-front point at low frequencies, whereas the ear-front point showed larger value that
the pinna did at high frequencies.
Conclusions
These results obtained that larger osseotympanic component, which is dominant in the low-frequency range,
were obtained for the pinna and ear-front point, and the inertial and compressional BC components became to
be larger when the transducer is attached to osseous parts.
M91. Making Sense of Periodicity Glimpse Statistics – a Computational Model of Attentive Voice
Tracking
Psychoacoustics
Joanna Luberadzka1, Hendrik Kayser1, Volker Hohmann*1
1
Carl von Ossietzky Universität Oldenburg
Background
Humans are able to focus their attention and follow a voice of interest even in challenging acoustic conditions.
The perceptual mechanisms underlying this ability remain unclear. The research field known as
‘Computational Auditory Scene Analysis’ (CASA) investigates this topic by developing computer models that
simulate the tasks of the human auditory system. In this study, we contribute to the CASA work by presenting
a model of attentive voice tracking.
Methods
For our model the auditory scene is arranged in two attention-dependent auditory streams: attended
foreground, corresponding to the target, and unattended background, comprised of the remaining clutter. The
signal containing a mixture of these two streams is processed using four main computational blocks, organized
on a scale between bottom-up and top-down processes: glimpsed feature extraction, foreground-background
segregation, state estimation, and top-down knowledge. Algorithmically, the model combines salient
periodicity-based auditory feature extraction (“periodicity glimpses”), sequential Monte Carlo sampling and
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statistical models of voice properties. As an intermediate step towards multi-dimensional voice tracking, we
have implemented a F0-tracking algorithm with the above-mentioned structure. Model data were compared
to a psychoacoustic experiment, which measured the ability to track of one of two competing voices with
time-varying parameters (fundamental frequency F0 and two formants F1 and F2) that cross in time. To
explore the possibilities of extending the model towards multi-dimensional voice tracking, which requires a
statistical model of glimpse period and energy likelihoods given F0, F1 and F2, a statistical analysis of the
empirical distribution of periodicity glimpses as a function of the 3-dimensional voice state (F0, F1 and F2)
was performed.
Results
Model simulations confirmed that tracking F0 alone does not suffice to perform the feature segregation at the
times where F0s or their harmonics cross and showed that an F1- and F2-dependent model of the energy
distribution across frequency would enhance the segregation and improve model results. The statistical
analysis showed that the glimpse period distributions depend on F0, but not on F1 and F2, whereas the
distribution of the glimpse energy depends on F1 and F2, but not on F0. Furthermore, data support the general
assumption that periodicity glimpses extracted from a voice mixture can be modeled with clean-voice
statistics.
Conclusions
From a statistical analysis of periodicity glimpses we conclude that the multi-dimensional likelihood function
can be marginalized into two simpler terms, where the first one describes the likelihood of the glimpse period
values at different frequencies given F0, and the second one the likelihood of the corresponding glimpse
energy values at different frequencies given F1 and F2. This marginalization reduces the combinatorial
complexity of the problem significantly. We elaborate on the potential of using this method to extend our
attentive tracking model towards multidimensional parameter tracking.
M92. Open Board
M93. Effects of Stochastically Varying Modulation Frequency on the Detection of AmplitudeModulated Noise
Psychoacoustics
Kevin O'Connor*1, Daniel Johnson1, Jeffrey Johnson1, Mitchell Sutter1
1
UC Davis
Background
Amplitude modulated (AM) noise has been a useful tool for investigating temporal processing in auditory
systems because no confounding spectral information is present. The vast bulk of research has been performed
using sine-AM (SAM), which allows determination of AM sensitivity as a function of modulation frequency.
Analysis of neural responses to SAM noise has produced two primary coding models, one based on spike rate
and the other on the temporal pattern of spikes (Joris et. al. 2004), which for SAM, is roughly phase-locked to
the oscillations in the signal.
One problem for this temporal coding scheme is the limitation in neurons’ ability to follow fast oscillations as
the auditory system is ascended. For this reason, it has been proposed that, for auditory cortex (AC), a rate
code is used for high AM frequencies, while temporal coding occurs at lower frequencies (< ~60 Hz) where
synchronous responding is prevalent (Wang 2008), though this is not a clear-cut distinction (Yin et. al. 2011;
Johnson et. al. 2012). In macaque AC firing rate is more closely linked to behavioral AM detection than
synchronicity, implying a greater role for firing rate in perception and decision making (Niwa et.al. 2012;
2013).
Methods
To test for the role of synchronous following in encoding AM, we introduced stimuli whose modulation
frequency varied stochastically about a center frequency (CMF) and across several modulation frequency
ranges or bandwidths (MBWs). A simple phase-locking code should degrade as the variation about the CMF
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increases. The ability of 3 listeners (3 adult males) to detect modulation in these stochastically modulated
AM (400-ms) noise stimuli, as a function of modulation level, was tested.
Results
Modulation detection was tested at two CMFs (20 and 250 Hz) and at three MBWs (1, 2 and 4 octaves), and
also for SAM noise at the CMFs. If periodic phase-locked responding is important for detecting AM noise,
detection should worsen with increasing MBW, and to a much greater degree for the 20 than 250 Hz CMF
stimuli. AM noise detection decreased with increasing MBW, and was worse at 20 Hz than 250 Hz CMF ( F
= 3.50, p < 0.05).
Conclusions
AM noise detection decreased with increasing modulation bandwidth, supporting the role of periodic phaselocked activity in auditory temporal processing. This impairment was worse at a low (20 Hz) than high (250
Hz) center frequency, implying that periodic temporal coding plays a greater role at low AM frequencies, that
is, for slower envelope changes.
M94. Relation Between Supra-Threshold Processing Limits and Comodulation Masking Release in
Older Listeners With Normal and Impaired Hearing
Psychoacoustics
Jonathan Regev*1, Paolo A. Mesiano1, Johannes Zaar2, Helia Relaño-Iborra1, Torsten Dau1
1
Technical University of Denmark, 2Eriksholm Research Centre
Background
Improvements in tone-in-noise detection have been observed when low-frequency temporal amplitude
modulations are applied to the masking noise coherently across frequencies, constituting ‘comodulated noise’.
The threshold difference obtained in conditions with unmodulated noise and comodulated noise has been
referred to as comodulation masking release (CMR). Several studies using the so-called ‘band-widening
paradigm’ have shown substantial variability of CMR across hearing-impaired (HI) listeners. Pure-tone
sensitivity and frequency selectivity were found to be correlated with CMR, exhibiting significant predictive
power. However, as the stimuli were designed to be fully audible to the listeners, audibility per se seems
unlikely to be the root cause of the observed variability in the data. The present study attempted to identify
supra-threshold processes that may underlie the variability in HI listeners’ CMR performance. It was
hypothesized that a listener’s sensitivity to changes in intensity and amplitude modulation (AM) depth may
affect their ability to detect a tone in unmodulated and comodulated noise, respectively.
Methods
This hypothesis was investigated by measuring CMR, intensity discrimination, AM detection, and AM depth
discrimination, as well as by collecting measures of cochlear deficits, such as pure-tone sensitivity, auditoryfilter bandwidth estimates, and estimates of the slope of loudness growth functions. Thirteen older HI listeners
were tested along with an age-matched population of 10 older normal-hearing (NH) listeners and a group of
5 young NH listeners. The data were analyzed at the group level, and the predictive power of the different
measures to account for CMR was investigated by means of a linear regression analysis.
Results
A substantial variability of CMR across the HI listeners was observed, consistent with previous investigations.
Significantly higher tone detection thresholds in both noise types were found in the older NH listeners as
compared to the young NH listeners, whereas the amount of CMR was similar in the two groups. While some
of the trends in the data were consistent with the hypothesis of the study, no statistically significant differences
could be found in the intensity discrimination and AM depth discrimination tasks between listeners with good
versus poor CMR performance. Overall, the estimated slope of the loudness growth function was found to be
the best predictor of CMR in the older listeners (both NH and HI), followed by pure-tone sensitivity.
Conclusions
The results suggest that outer hair cell loss may be the underlying factor correlated with CMR, rather than
reduced audibility. However, it remains unclear which aspects of auditory processing acuity underlie the
observed large variability in terms of CMR across HI listeners.
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M95. Exploration of the Theoretical Mechanisms for Statistical Inference Along Multiple Dimensions
Psychoacoustics
Ben Skerritt-Davis*1, Mounya Elhilali1
1
Johns Hopkins University
Background
Sound sources in real-world environments evolve along multiple dimensions simultaneously—for example,
the song of a bird in flight can contain variability in pitch, timbre, and spatial location—yet the mechanisms
by which the brain tracks and combines sensory information across dimensions to form a unified percept is
unknown. Previous investigations into multi-feature perceptual tracking often constrain the complexity of the
sounds in question, thus limiting the level of uncertainty in the experimental paradigm while also restricting
the findings to a subset of the phenomena encountered in everyday listening.
Methods
To help bridge the gap between sensory inputs and behavioral outputs in more complex scenarios, we propose
a computational model based in statistical predictive coding theory. The D-REX model provides a flexible
framework to explore the computational consequences of experimental results, where alternative
configurations of the model can be used to compare different underlying perceptual processes and parameters
of the model can be used to explain individual variability across listeners.
We demonstrate the capability of this model in a multi-feature statistical change detection task, where listeners
were asked to detect changes in the underlying statistics of complex sound sequences varying along multiple
dimensions (pitch, timbre, spatial location). In two separate experiments, we use the model to explore how
predictive processing operates along multiple dimensions. We formulated many variants of the model with
differences in: a) statistics collected along each feature, b) levels at which statistical information is combined
across features, and c) operators used for cross-feature combination. We compared model variants using
experimental data to determine which computational mechanism best replicates listener behavior.
Results
The model prefers independent tracking along multiple dimensions, with higher-order statistics collected
separately along each dimension. This is confirmed in separate experiments combining spectral-spectral and
spectral-spatial features, suggesting a domain-general mechanism for statistical inference in the brain.
Conclusions
By inferring the computational mechanisms behind statistical inference from listener behavior, the D-REX
model provides an avenue to explore perceptual processes in more complex listening environments.
M96. Generation and Characterization of Otic Epithelial Progenitor Cells Derived From Human
P2RX2 p.V60L Induced Pluripotent Stem Cells
Regeneration
Aida Nourbakhsh*1, Nicholas Gosstola1, Brett Colbert2, Zheng-Yi Chen3, Derek Dykxhoorn2, Xue Liu2
1
University of Miami, 2University of Miami Miller School of Medicine, 3Massachusetts Eye & Ear Infirmary
Background
Progressive, nonsyndromic, sensorineural hearing loss (PNSHL) is the most common cause of sensory
impairment globally. Our laboratory has identified the P2RX2 gene implicated in autosomal dominant
deafness-41(DFNA41). This gene encodes for purinergic activated ionotropic P2X2 receptors, and null mutant
mice demonstrate PNSHL that worsens with noise exposure. The phenotypes caused by the mutant variants
in P2RX2 may be difficult to recapitulate or model in mice. The homozygous knock-out mouse model was
affected by a substantial amount of hair cell loss; however this is not an accurate representation of the
molecular effect of the heterozygous variant which is seen in DNFA41 patients. Thus, the generation of inner
ear organoids from induced pluripotent stem cells (iPSCs) provides a model that allows the investigation of
the human gene and the role their missense variants play in HL. For this study, the WT, P2RX2+/p.V60L
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mutant iPSCs were differentiated into otic epithelial progenitors (OEP). We demonstrate that the p.V60L
mutation in P2RX2 gene results in decreased expression of the receptor and alters the cellular localization of
the protein.
Methods
Following the step-wise differentiation protocol of iPSCs to OEPs, characteristics of the cells were determined
by immunocytochemistry using antibodies against specific otic progenitor markers. The transcript levels and
protein expression for P2X2 receptors were determined by quantitative RT-PCR and western blot,
respectively. Immunocytochemistry was used to demonstrate the subcellular location of P2X2 receptors. ATP
stimulated permeability of the receptor channel was tested with FM1-43 staining in the presence and absence
of a nonselective P2 receptor antagonist, suramin.
Results
The identity of cells was confirmed by immunostaining using PAX2, PAX8, SOX2 and DLX3 antibodies for
OEPs on day 12 of differentiation. Immunostaining with P2RX2 antibody demonstrated an altered subcellular
location of the mutant channel and significant reduction in protein expression levels. The ATP induced
activation of P2X2 receptor channels was demonstrated by FM1-43 permeability.
Conclusions
Our results demonstrate that we successfully differentiated human iPSCs to OEPs and performed series of
characterization studies. We provide an in vitro model of human disease to perform functional analysis of the
mutated channel receptors. In future study, we will generate inner ear organoids to perform more in-depth
studies to understand the role of P2RX2 in hair cell survival, electrophysiological activity and synaptic
connectivity with spiral ganglion neurons.
M97. Investigating the Resurgent Sodium Current in a Motor Cortex-Like Nucleus of Songbirds and
its Role in Seasonally Driven Circuit Plasticity
Regeneration
Eric Lumsden*1, Kimberly Miller1, Eliot Brenowitz1, David Perkel1
1
University of Washington
Background
The telencephalic vocal motor production circuit in songbirds provides a robust model of adult circuit
plasticity that connects physiology with behavior. Seasonal breeding conditions bring about i) increased song
production and stereotypy, ii) an increase in the number of projection neurons from the HVC to RA in the
forebrain, iii) increased BDNF production in HVC and release on to RA neurons which results in iv) growth
and increased electrical excitability of RA neurons. The mechanisms responsible for this BDNF-mediated
increase in electrical excitability, including expression and conductance of the underlying ion channels, are
unknown. Expression of the voltage-gated sodium channel (VGSC) Type IV β-subunit is higher in RA of
zebra finches than in surrounding tissue. This subunit is responsible for the production of resurgent sodium
currents (RSCs) in mammalian Purkinje neurons, which increases excitability and firing rates. Therefore, we
hypothesize that RA neurons of songbirds produce a resurgent sodium current that is at least partially
responsible for the excitability changes in those neurons during seasonally driven circuit regeneration.
Methods
Electrophysiology - Male Gambel’s white-crowned sparrows (Zonotrichia leucophrys gambelli) were exposed
to either non-breeding (short day (SD)) or breeding-like (long day plus a subdermal testosterone pellet
(LD+T)) conditions for at least two weeks prior to preparation of brain slices for whole-cell recording from
RA neurons. Internal solutions were cesium-methanesulfonate based; bath solution was a standard artificial
cerebrospinal fluid (ACSF). Voltage clamp protocols for eliciting RSCs were adopted from previous
experiments in Purkinje neurons and included a series of recovery steps (-90 to -20 mV) that followed a 5-s
depolarizing step (+30 mV) from -90 mV. Additional proof-of-concept experiments were conducted with
zebra finches while testing the voltage-clamp protocols and are presented here in support of the hypothesis.
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Modeling - To investigate the potential role of RSCs in altering the electrical excitability of RA neurons, a
Hodgkin-Huxley spiking model was fitted with a VGSC model with and without the open-blocked state (OB)
required for RSCs. Current injections were tested in the model both with and without OB. All other parameters
were taken from endogenously measured intrinsic properties of sparrow RA neurons.
Results
Experiments indicate a RSC in both sparrows and finches. The relative amplitude of the RSC is dependent on
both voltage and length of depolarization step, consistent with RSCs in mammalian Purkinje neurons.
Additionally, a secondary current with the characteristics of a calcium current was observed in LD+T
sparrows. OB in the VGSC gating model greatly increased RA neuron excitability.
Conclusions
These results indicate a potential role for both sodium and calcium currents in seasonally driven increases in
RA neuron electrical excitability, both of which will be explored in future experiments.
M98. Fgf8-CreER Genetic Labeling Reveals the Early Specification of Vestibular Hair Cell Type in
Mouse Utricle
Regeneration
Evan Ratzan*1, Anne Moon2, Michael Deans1
1
University of Utah, 2Weis Center for Research
Background
During development the vestibular sensory end organs generate both Type-I and Type-II hair cells, however,
these two classes of sensory cells cannot be distinguished until later postnatal stages when they become
morphologically and physiologically distinct. The molecular signaling pathways that establish vestibular hair
cell identity have not been clearly defined but are of utmost importance due to the capacity for these cells to
regenerate following ototoxic damage. Presumably, regeneration-based therapies will need to generate the
correct ratio of hair cell types for the overall physiological responses to be effective. As a result, understanding
the developmental mechanisms contributing to the specification and differentiation of Type-I versus Type-II
hair cells has clinical significance
Methods
We have found that Fgf8 is expressed in a subset of vestibular hair cells and that the transgenic line FGF8CreER genetically labels Type-I hair cells specifically, and at the earliest stages of their development. When
crossed to a tdTomato Cre-reporter mouse line (Ai9), tamoxifen induced activation of CreER permanently
labels hair cells with the tdTomato red fluorescent protein.
Results
Perinatal activation (E17.5-P2) reveals tdTomato expression in hair cells that are contacted by calyceal
synapses, express the Type-I molecular markers Osteopontin or Oncomodulin, and do not express the TypeII marker ANXA4. Early activation at E11.5 similarly labels Type-I hair cells, and these cells are restricted
to the striolar region of the utricle where the first-born hair cells are generally located. Consistent with this
distribution, the co-injection of tamoxifen and the cell division and terminal mitosis marker EdU at E12.5
reveals that Fgf8-CreER is expressed in Type-I hair cells shortly after they are born. This temporal association
suggests that vestibular hair cell identity is established at the earliest stages of embryonic development rather
than at postnatal stages when mature markers are apparent. Fgf8 expression is also dynamic, and tamoxifen
induction prior to hair cell differentiation (E9) reveals transient FGF8-CreER activity in vestibular ganglion
neurons. Separate, genetic labeling in the cochlea similarly reveals transient expression in spiral ganglion
neurons (E10-E13) followed by restricted FGF8-CreER expression by inner hair cells (E16-P0). However,
despite these specific and sustained patterns of expression in the developing vestibular system, a comparison
of afferent neuron calyx formation, ANXA4 and Osteopontin expression, or stereociliary bundle orientation
and polarity between FGF8 conditional knockouts and littermate controls revealed no differences.
Conclusions
Based upon these results we conclude that Fgf8 is a specific and early marker of Type-I vestibular hair cells
but is not necessary for their development due to redundancy in FGF signaling pathways. As the earliest
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marker of Type-I vestibular hair cells, appearing shortly after they are born, Fgf8-CreER genetic labeling
should be a valuable tool for investigating hair cell regeneration as well as Type-I hair cell physiology and
function.
M99. Mouse Embryonic Stem Cells Survive After Transplantation Into Scala Media
Regeneration
Yozo Inagaki*1, Diane Prieskorn1, Lisa Beyer1, Liqian Liu1, Keith Duncan1, Yehoash Raphael1
1
University of Michigan, Medicine, Kresge hearing research institute
Background
In cochleae devoid of hair cells, the organ of Corti is reduced to a flat epithelium, which does not respond to
current transdifferentiation approaches for hair cell regeneration. Transplantation of stem cells followed by
stepwise differentiation into new hair cells is a potential avenue for therapy in the flat epithelium. We have
previously shown that HeLa cells (Park at al., 2014) and a human embryonic stem cell line (Lee at al., 2017)
fail to survive when injected into endolymph, but “conditioning” the scala media by transiently reducing the
levels of potassium facilitated survival of implanted cells. Here we tested the hypothesis that mouse embryonic
stem cells (mESCs) are robust enough to survive in scala media without the conditioning protocol.
Methods
Twenty-four pigmented guinea pigs were deafened with neomycin. One week later, mESCs with a constitutive
mCherry nuclear reporter were injected into scala media (4 µl suspension of about 80,000 dissociated cells
infused into the 2nd turn using a syringe pump) with (N=12) or without conditioning (N=12) with furosemide
and sodium caprate. In both groups (with or without conditioning), mESCs were evaluated 1 day, 1 week or
4 weeks after transplantation. Cochleae were harvested, fixed, and mCherry fluorescence was augmented with
an antibody. Expression of the pluripotency marker OCT3/4 was also assessed. Stria vascularis and auditory
epithelium tissues were whole-mounted on slides for analysis by epi-fluorescence.
Results
The presence of transplanted cells was confirmed in all cases and the following results were similar in both
groups. Immunostaining showed many cells that were positive for mCherry and OCT3/4. Although the cells
were in an isolated state at the time of transplantation, many cells were aggregated in the analyzed tissue. Most
cells were present around the 2nd turn of the cochlea, near the injection site, 1 day after transplantation at all
time points, but in animals examined 1 or 4 weeks after transplantation, relatively more cells were seen in
other turns. Mitotic figures were noted among the mCherry positive cells, indicative of proliferation within
the cochlea.
Conclusions
mESCs are robust and survive for up to 1 month in the scala media of deafened guinea pigs with or without
conditioning, demonstrating that conditioning is unnecessary for this type of cell. The average number of cells
detected in the cochlea was larger in the long-term survival animals than in the short-term animals. The
presence of multiple mitotic figures and OCT3/4 positive cells indicate active cell divisions that contributed
to the increase in number. Because these cells are robust, they are likely to survive until further differentiation
protocols are applied. The proliferative activity raises concerns about tumor formation, but once differentiated,
these cells are expected to become quiescent.
M100. Onset Asynchrony Decreases Fusion of Dichotic Vowels in Normal-Hearing and HearingImpaired Adults
Speech perception
Morgan Eddolls*1, Michelle Molis2, Lina Reiss1
1
Oregon Health and Science University, 2VA RR&D Nat'l Center for Rehabilitative Auditory Research
Background
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Normal-hearing (NH) listeners use a range of cues, including voice pitch, temporal envelope, and spatial cues,
to segregate speech into discrete auditory streams for speech perception in noise. However, hearing-impaired
(HI) listeners have more difficulty with speech segregation. One cause may be that HI listeners often have
abnormally broad binaural fusion of pitches that differ by as much as 3-4 octaves between the ears (Reiss et
al., 2017). Recently, we showed that HI listeners with broad fusion are less able to segregate and identify
dichotic vowels of different fundamental frequency (F0) compared to NH listeners, suggesting a loss of the
ability to use the voice pitch cue across ears and space (Molis & Reiss, IHCON 2018). In this study, we
examined the effect of adding a temporal envelope cue—onset asynchrony—on dichotic vowel segregation
and identification, in NH (n = 9) and HI (n = 9) listeners.
Methods
Synthetic vowels /i/, /u/, /a/, and/ae/ were presented in dichotic pairs. Each vowel was generated with three
F0 of 106.9, 151.2, and 201.8 Hz and presented in pairs with ∆F0 of 0, 43.4 and 94.9 Hz. Onset asynchronies
of 0, 1, 2, 4, 10, and 20 msec were added to each vowel pair. Subjects were asked to identify on a touch screen
which one or two vowels they perceived and received no feedback. Subjects were unaware that two vowels
were always being presented and that an onset asynchrony could be present in the pair.
Results
As onset asynchrony increased from 0 to 20 msec, both NH and HI listeners fused vowel pairs less frequently
and performed better on identification of both vowels, especially when the vowel pair was presented with the
same F0 (∆F = 0).
Conclusions
The findings suggest that both groups of listeners benefit from temporal envelope cues to aid in segregation
of speech, especially when F0 difference cues are unavailable.
M101. Open Board
M102. Open Board
M103. Open Board
M104. The Detrimental Effect of Background Noise on Voice Discrimination of School-Age Children
Compared to Adults
Speech perception
Yael Zaltz*1, Feigy Grinvald1, Liat Kishon-Rabin1
1
Tel-Aviv University, Sackler School of Medicine
Background
Successful speech recognition in noise is an essential skill, enabling listeners to engage in professional,
educational, and social activities. One of the strategies that was suggested to facilitate listening in noise is the
ability to identify and follow the voice of a specific talker of interest, based on his or her vocal characteristics,
including the fundamental frequency (F0) and formant frequencies (as an indirect measure of vocal tract
length). Thus, it is possible that the ability to discriminate between speakers in noise will explain some of the
difficulties that children have in processing speech in noise as compared to adults. To date, however, voice
discrimination (VD) has been tested primarily in quiet and mainly in adults. The purpose of the present study
was to examine the effect of background noise on the utilization of F0 and formant cues for VD in children,
as compared to young adults.
Methods
A total of 40 normal hearing (NH) participants took part in the study: 16 children (7-10 years old) and 24 NH
adults (18-35 years old). Difference limens (DLs) in quiet and in a steady-state speech-shaped noise were
assessed for F0 only, formant frequencies only, and combined formants+F0 cues, using an oddball procedure
with two-down one-up adaptive tracking procedure.
Results
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Results showed that: (a) In quiet, the majority of the participants showed better DLs with the formants than
the F0 cues, suggesting that VD relies primarily on formant cues; (b) VD in noise was based primarily on F0
cues supporting the notion that steady-state speech-shaped noise has a negative effect on spectral information
(e.g., formats) as compared to temporal information for both children and adults; (c) Best performance was
obtained with the combined cues (formants+F0 cues) in quiet and in noise; (d) In general, children utilized F0
cues less well than adults did in all listening conditions.
Conclusions
The findings of the present study (1) emphasize the importance of understanding the different acoustic cues
used for speech perception in quiet and in noise; (2) may explain some of the variability individuals have in
speech recognition in noise; and (3) have implications for the design of hearing aids and cochlear implant
devices.
M105. Open Board
M106. Open Board
M107. Open Board
M108. Comparison of Two Learning Strategies in the Use of Level Cue in a Speech Intelligibility
Task: A fNIRS Study
Speech perception
Cosima Lanzilotti*1, Guillaume Andeol1, Jean Christophe Bouy1, Christophe Micheyl2, Sébastien Scannella3
1
IRBA, 2Starkey, 3ISAE-SupAero
Background
The debate issue of listening effort was here investigated in a speech in speech paradigm.
Methods
Seventy-four participants performed a speech intelligibility task while their cortical activity was recorded with
a functional near infrared spectroscopy (f/NIRS) system. The target to masker ratio (TMR) was manipulated
resulting in three different experimental conditions: adverse (TMR = -12 dB), intermediate (TMR = -4 dB)
and favorable (TMR = +4 dB). From literature emerged large individual differences in speech in speech
intelligibility within the most adverse condition. In the present study, we selected 27 poor performers from a
first baseline session to be tested in a training protocol to train them how to use level cues in the adverse
condition. During the baseline session (pre-training), participants were equipped with a whole head fNIRS
system. This session was followed by a daily training without fNIRS (training) during 3 consecutive days.
Finally, participants took part into a last session with the fNIRS system (Post-training). In addition,
participants were divided into an explicit cue group (n=14) and an implicit cue group (n=13) to assess a
possible effect of the training type. The explicit cue group was given an explicit TMR cue along with an
auditory feedback; the implicit cue group repeated the original task as in the baseline session. These groups
where thus created according to a more driven strategy (explicit cue group: attention directed and reward),
and a non-driven strategy (implicit cue group: learning by repetition).
Results
Our results show that both groups significantly improved their performance albeit with a difference in terms
of learning speed between them: the explicit cue group learned faster than the implicit cue group. Main
imaging results show 1) a decreased activation in left and right inferior frontal gyrus and right prefrontal cortex
for both groups and 2) different orbito-frontal activations between groups after the training. We suggest that
the overall decrease of the core speech network implicated in speech in speech processing could represent a
reduction of the cognitive resources allocated to accomplish the task along with a decrease in the listening
effort. Moreover, the automatization of the learning strategies could have played a key role in this general
cortical deactivation. Interestingly, we observed a different trend of prefrontal deactivation with a left
lateralization for the explicit cue group and a right lateralization for the implicit cue group.
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Conclusions
We are suggesting that the automatization of the learning strategies had had a different impact on the prefrontal
activity as a function of the two different types of strategies. These results suggest that different lateralized
brain circuits could be engaged to support learning of different listening strategies. These study results could
also provide some insights to design more efficient communication systems useful in challenging
environments.
M109. Open Board
M110. Open Board
M111. Speech Sound Discrimination by Mongolian Gerbils
Speech perception
Carolin Jüchter*1, Georg Klump1
1
Carl von Ossietzky University
Background
Many elderly listeners have difficulties in speech perception. Especially under noisy conditions, elderly have
difficulties in speech comprehension, even when auditory thresholds in quiet are normal. However, the
underlying mechanisms resulting in compromised speech reception with age are still unknown. This study
investigates the discrimination of speech sounds in Mongolian gerbils. Gerbils show a good low-frequency
hearing with a similar sensitivity as humans for the frequency range of human speech which makes them a
suitable model for investigating perception of human speech sounds. Here, we report data on the
discrimination of logatomes (CVCs - consonant-vowel-consonant combinations, VCVs - vowel-consonantvowel combinations) by young gerbils that will provide a baseline for the age-related change in perception.
Methods
Four young Mongolian gerbils (5 to 21 months) were trained to perform an oddball target detection paradigm
in which they were required to discriminate a deviant CVC or VCV in a sequence of CVC or VCV standards,
respectively. In CVCs central vowels were /a/, /aː/, /ɛ/, /eː/, /ɪ/, /iː/, /ɔ/, /oː/, /ʊ/ and /uː/ and consonants were
/b/, /d/, /s/ and /t/. In VCVs central consonants were /b/, /d/, /f/, /g/, /k/, /l/, /m/, /n/, /p/, /s/, /t/ and /v/ and
vowels were /a/, /ɪ/ and /ʊ/. The experiments were performed with an ICRA-1-noise-masker with speech-like
spectral properties, and logatomes of different speakers were presented at different signal-to-noise ratios.
Response latencies were measured to generate perceptual maps employing multidimensional scaling
visualizing the gerbils’ internal representations of the sounds. In order to evaluate which features of vowels
and consonants are most important for the discrimination of speech sounds, the dimensions of the perceptual
maps were correlated to different features of the speech sounds.
Results
The perceptual representation of vowels and consonants in gerbils was similar to that of humans, although
higher signal-to-noise ratios were needed for gerbils to achieve comparable recognition scores as humans.
Furthermore, the gerbils’ discrimination of consonants mostly depended on the voicing and manner of
articulation. Vowels were discriminated predominantly based on differences between spectral features of their
formants, particularly the frequency of the second formant. For both consonants and vowels, large differences
in the long-term spectra between speech and masking noise facilitated the discrimination.
Conclusions
The similarities in the perception of logatomes by gerbils and humans indicate that gerbils are a suitable model
for investigating age-related perceptual deficits in speech discrimination.
Funded by the DFG, EXC 2177
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M112. Tinnitus Prevalence and Primary Healthcare Usage of Tinnitus Patients in the Dutch General
Population
Tinnitus
Maaike Rademaker*1, Diane Smit1, Robert Stokroos1, Inge Stegeman1
1
University Medical Center Utrecht
Background
Tinnitus is a heterogeneous condition not only in terms of nature of the sound, location, and pitch, but also in
co-morbidities such as concentration-, sleep- or mental health issues. The true prevalence remains unclear.
Prevalence number range widely between 5% and 42% depending on the definition and studied population.
Costs of tinnitus care are high, €6.4 billion per year in the Netherlands purely for tinnitus treatment. However,
many comorbidities are associated with tinnitus. It remains unclear whether people with tinnitus use more
healthcare compared to people without tinnitus.
Methods
Two different datasets were used for this study. First a questionnaire was sent to a representative sample (n =
2251) of the Dutch Population by means of the Netherlands Institute for Health Services Research (NIVEL).
To assess tinnitus prevalence several questions were asked to assess presence of tinnitus, duration and
frequency of the complaint. Tinnitus distress was measured with the Tinnitus Functional Index. We classified
people as having tinnitus when participants experienced it for 5 – 60 minutes (daily or almost daily or weekly),
or tinnitus for >60 minutes or continuously (daily or almost daily or weekly or monthly). Secondly, to assess
primary health care consumption in 2018 the NIVEL Primary Care Database (n = 963 880) was analyzed.
Results
932 of 2251 participants (41%) filled out the questionnaire. The mean age was 65.4 (SD 12.7). 338 of 932
(37%) experienced tinnitus for an undefined amount of time during the last year. 190 of 338 (57%) experienced
it for 60 minutes or more or continuously, and 153 of 190 (85.5%) experienced it daily. 216 of 932 (23%) met
our definition of having tinnitus. People with tinnitus had a mean of 9.8 (SD 10.9) visits to the general
practitioner in 2018, compared to 5.7 (SD 7.9) for people without tinnitus. More people with tinnitus had more
than one referral to the second line (47%) compared to people without tinnitus (25%).
Conclusions
About 1/5th of our sample met our definition of tinnitus. The sample was not representative of the Dutch
population in terms of age. The definition of tinnitus is difficult. We recommend international consensus to
be achieved before definitive prevalence numbers can be assessed. Tinnitus patients require more primary
health care than people without tinnitus and are more often referred to second line of care.
M113. A Genetic Study for Sensorineural Tinnitus Based on Genome-Wide Association &
Endophenotype study: Development of Genetic Diagnostic Kit for Precision Medicine
Tinnitus
Jae Sang Han1, Minho Lee2, Gunhee Lee3, Jung Mee Park4, So Young Park1, Yeun-Jun Chung5, Shi Nae
Park*1
1
Seoul St. Mary's Hospital, The Catholic University of Korea, 2Dongguk University-Seoul, 3Graduate School,
The Catholic University of Korea, 4College of Medicine University of Ulsan, Gangneung, 5Catholic Precision
Medicine Research Center, College of Medicine, The Catholic University of Korea
Background
Tinnitus is a common condition affecting between 10 and 15% of the general population. Despite its high
prevalence, the genetic research of the chronic primary tinnitus is still in its early stages. This study was
performed to find genetic variation in patients with chronic sensorineural tinnitus using the genome-wide
association study (GWAS) analysis method.
Methods
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Patients diagnosed with chronic sensorineural tinnitus by an expert were registered in the experimental group.
In this study, 139 individuals were enrolled as an experimental group, and their genomic DNA was extracted
and genotyped via Korea Biobank Array (referred to as KoreanChip; DNA Link Inc., Seoul, Korea), which
consists of more than 800,000 markers. For the control group, data of genotypes of 72,298 Korean subjects,
which were collected by Korea National Institute of Health (KNIH).
Results
Novel 154 single nucleotide polymorphisms (SNPs, p<5 ×10−8) were identified in total. This result was
consisted of 76 intronic, 73 intergenic, 4 exonic, 1 upstream SNPs and the five most relevant SNPs were as
follows; rs9857741, rs149228150, rs7389423, rs112783626, rs141830968, rs111345055, rs2523515,
rs117644485, rs111536433, rs11363221. Among 154 SNPs, 16 (10.4%) SNPs were related with hearing loss
and 19 (12.3%) SNPs were related with mental illness according to the retrospective paper review.
Conclusions
This study has meaning to obtain a genetic database of chronic sensorineural tinnitus, and it is expected to
contribute to the precision medicine of tinnitus.
M114. Tinnitus in the Million Veteran Program: Long-Term Effects of Military Exposure
Tinnitus
Royce Clifford*1, Allen F. Ryan1, Adam X. Maihofer1, Caroline Nievergelt1
1
University of California, San Diego
Background
The sheer number of participants and data in Million Veteran Program (MVP) makes it possible to examine
long-term environmental effects of military noise on tinnitus. Defined as noise perceived in the absence of
external sound, tinnitus has been the #1 disability in the Veterans Administration since 2006. Hearing loss,
cognitive dysfunction, depression, neuroticism, sleep disorders, and/or anxiety are comorbid disorders in at
least half of tinnitus patients, even when tinnitus is not bothersome, exacerbating its impact on the patient and
the healthcare system.
MVP is a megabank of data from voluntary participants within the largest national healthcare system in the
US, and is associated with Veterans’ electronic medical health record (EHR) including audiograms, genomic
data, participants’ active-duty military record, and self-reports of military exposures, illnesses and trauma
(26). Here we examine the epidemiology of tinnitus within the context of noise exposure versus age, head
injury, and blast exposures, and tinnitus' correlation with hearing loss in this population.
Methods
Since its inception in 2011, over 825,000 Veterans have been enrolled nationwide. For our study 788,143
participants answered questions regarding tinnitus, hearing, military and deployment exposures to noise, blast,
and TBI. Electronic Health Record data has been integrated into the MVP biorepository, including Diagnoses,
audiograms (n = 148,545), and active duty military information.
Univariate logistic regression for individual variables was followed by multivariate logistic regression with
tinnitus as a binomial outcome. The best-fitting multivariate logistic model included sex, hearing loss, era
served, deployment, noise exposure during combat, ancestry, and TBI.
Results
A total of 788,143 Veterans had enrolled, completed surveys, and/or authorized access to their electronic
health record. The age of onset for tinnitus preceded hearing loss: tinnitus mean age 52.97(sd 16.81) versus
hearing loss age 60.78 (sd 15.37), p-value < 0.0001. Audiograms of those with tinnitus showed consistently
and significantly worse hearing, however the shapes of the audiograms for both groups were consistently
parallel. Tinnitus was associated with a 6.34 OR (95% CI 6.18, 6.51) of hearing loss and a 3.84 OR (95% CI,
3.76, 3.94) of traumatic brain injury. Odds ratios of amount of combat exposure (rarely up to daily) and era of
military service showed a mild reversal of the usual increase with age. Those of African ancestry showed
some protection against tinnitus.
Conclusions
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This study enables a first look at the rich acoustic data in the Million Veterans Program, including tinnitus and
hearing loss associated with audiograms and VA health records of three-quarters of a million
Veterans.Tinnitus and hearing loss pathophysiologic pathways may separate fairly early in the cycle of injury
and repair, as indicated a consistently worse but identically-shaped audiogram with tinnitus and by earlier
onset of tinnitus. Military exposure appears to disrupt the naturally age-related progression of tinnitus
prevalence.
M115. Effect of Unilateral Acoustic Trauma on Neuronal Firing Activity in the Inferior Colliculus of
Mice
Tinnitus
Chun-Jen Hsiao*1, Alexander Galazyuk1
1
Northeast Ohio Medical University
Background
An acoustic trauma caused by sound exposure typically leads to hyperactivity developed in the auditory
system. This hyperactivity or an elevated spontaneous firing of auditory neurons, increased bursting, and
synchronous firing has been observed at all levels of the auditory pathway. Hyperactivity in laboratory animals
is typically induced by unilateral sound exposure to preserve one ear for further sound tests in assessment of
hearing damage caused by the exposure. It is well known that in the auditory system, the majority of ascending
fibers cross into the superior olivary complex and then ascends through the contralateral side of the brainstem
up to the auditory cortex. Therefore, unilateral exposure should be expected to mostly affect the contralateral
side above the auditory brain stem. On the other hand, a significant number of neurons have crossing fibers at
every level of the auditory pathway. The goal of this study was to assess and compare the effect of unilateral
exposure on changes in firing activity of neurons in the contralateral and ipsilateral sides of the inferior
colliculus (IC).
Methods
To induce hyperactivity, CBA/CaJ mice were exposed unilateraly to a 116 dB SPL narrowband noise centered
at 12.5 kHz for one hour under ketamine/xylazine anesthesia. Extracellular recordings were conducted to
assess spontaneous firing and bursting activity of single neurons in the contra- and ipsilateral ICs with glass
pipette electrodes in unanesthetized mice two months after sound exposure. Once a single neuron was isolated,
its characteristic frequency (CF) was determined audiovisually. The tonotopic gradient in the IC was assessed
by using both the CF and depth of recording.
Results
We found that sound exposure causes hyperactivity developed in both the contra and ipsilateral ICs. In both
ICs the spontaneous firing rate and bursting were increased significantly compared to control (unexposed)
mice. The neurons with CFs at or above the center frequency of exposure showed the greatest increase.
Surprisingly, this increase for both spontaneous firing rate and bursting was more pronounced in the ipsilateral
IC.
Conclusions
This study highlights the importance for the future studies on hyperactivity, which are utilizing unilateral
sound exposure, pay close attention to the side of recording. Future studies are needed to shed light on why
the ipsilateral side is the most affected by unilateral exposure.
M116. Subtyping Tinnitus by the Relation Between Minimum Masking Levels and Hearing
Thresholds
Tinnitus
Jose L. Santacruz*1, Emile de Kleine1, Pim Van Dijk1
1
University Medical Center Groningen
Background
pg. 108

The Association for Research in Otolaryngology (ARO)
The 44th Annual MidWinter Meeting
Monday, February 22, 2021, U.S. Eastern Time Zone

Heterogeneity of tinnitus imposes a challenge for its treatment. Identifying tinnitus subtypes might help to
establish individualized diagnosis and therapies. The Minimum Masking Level (MML) is a clinical tool
defined as the minimum intensity of a masking sound required to cover tinnitus. Understanding the differences
among masking patterns in patients could facilitate the task of subtyping tinnitus. Here, we studied the
variability of hearing thresholds and MMLs among patients with tinnitus to identify tinnitus subgroups.
Methods
A population of 366 consecutive patients from a specialized tinnitus clinic were included in the analysis.
Hearing thresholds and MMLs were determined for octave frequencies from 0.25 to 8 kHz, as well as for 3
and 6 kHz. Subjects were divided into 2 groups according to whether their tinnitus was maskable (M, 329
subjects) or non-maskable (NM, 37 subjects). Hearing thresholds and tinnitus loudness did not differ
significantly between both groups; thus the dimensionality of the data was reduced by means of Principal
Component Analysis (PCA). The largest resulting components were used for clustering the data.
Results
The cluster analysis resulted in 5 clusters with differences in tinnitus pitch, lateralization, hearing thresholds
and MML, as well as on age and gender. Clusters differed in contours of hearing thresholds and MML,
describing patterns of low or high thresholds in combination with low or high MML. The clustering solution
presented a low silhouette value (0.45), implying that the clustering is weak and could be artificial.
Conclusions
The analysis pointed out the diversity across tinnitus patients. Our results suggest that there might be a
continuum of patients’ characteristics rather than discrete subgroups.
M117. Gentamicin-Induced Models of Vestibular Dysfunction in Mice for Evaluating Therapeutic
Potential of Vestibular Hair Cell Regeneration
Vestibular: Basic Research & Clinical
Seth Koehler*1, Tian Yang1, Lars Becker1, Tyler Gibson1, Ning Pan1, Xichun Zhang1, Arun Senapati1, Ryan
McCarthy1, Fuxin Shi1, Ben Holmes1, Wu Zhou2, Hong Zhu2, Jonathon Whitton1, Joe Burns1
1
Decibel Therapeutics, 2University of Mississippi Medical Center
Background
Discovery and development of regenerative therapies for balance disorders requires translational models of
vestibular hair cell loss and dysfunction. A robust model of vestibular damage must recapitulate two key
features of clinical balance disorders, a well-defined hair cell-specific lesion and a consistent deficit in
vestibular function. Antibiotics in the aminoglycoside family damage hair cells in the inner ear and are a
known cause of clinical balance disorders.
Methods
By delivering aminoglycosides locally to the ears of C57BL/6 mice, we developed a mouse model sufficient
for evaluating the therapeutic potential of candidate therapies with significant hair cell loss, minimal loss of
supporting cells, and persistent, moderate to severe deficits in vestibular function. This model allows us to
quantify regenerated hair cells and recovery of vestibular function to assess therapeutic potential.
Results
While systemic administration of the aminoglycoside gentamicin can damage hair cells in humans, systemic
delivery of gentamicin in mice generates a variable hair cell lesion. A more robust model is needed to
appropriately assess potential therapies. Here, we developed a protocol for local delivery of gentamicin
unilaterally to the middle ear to generate a consistent and predictable loss of ~ 50% of vestibular hair cells in
the vestibular end organs. We validated that sufficient number of supporting cells and vestibular nerve fibers
can be identified in the vestibular epithelium more than 3 months after damage, suggesting that the substrate
for regenerated hair cells to be innervated and deliver velocity and acceleration cues to the brain via the
vestibular nerve is maintained.
Conclusions
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Evaluating recovery of vestibular function requires a model with significant deficits in translational measures
of vestibular function. While a unilateral damage model is sufficient for evaluating hair cell regeneration,
there is significant compensation for unilateral vestibular dysfunction over months in translational assays of
vestibular function, including vestibulo-ocular reflex (VOR), vestibular behavior panels, and balance beam
performance. To minimize the impact of central compensatory mechanisms, we have characterized vestibular
nerve single unit activity in the unilatera gentamicin model. At the same time, to evaluate recovery of
vestibular function on translational measures, we compared persistent deficits in VOR function and vestibular
behaviors between two bilateral damage models: 1) gentamicin delivered locally to both ears and 2) unilateral
local gentamicin delivery with contralateral labyrinthectomy. In both models, significant deficits in VOR
function and vestibular behavior performance persist for at least 3 months. We observed that VOR gain and
vestibular behaviors are correlated with the number of remaining hair cells in the bilateral gentamicin model,
suggesting that changes in these measurements may be useful to quantitatively measure benefit provided by
the addition of regenerated vestibular hair cells in the sensory epithelia.
M118. Rotarod Testing on FAM136a and DTNA Transgenic Mice in Light and Dark Conditions
Shows Implications for Contributing to Loss of Vestibular Function in Meniere’s Disease Patients
Vestibular: Basic Research & Clinical
Nora Laban*1, Rose Bahari1, Jacob Kulaga1, Joseph Lesus1, Heba Sattar1, Zahid Abdul1, Abd-Al-Rahman AlRifai1, Vidya Babu1, Suhitha Irukulla1, David Marbina1, Ishita Bhuptani1, Basil Zakkar1, Teresa Requena2,
Anna Lysakowski1
1
University of Illinois at Chicago, 2Center for Discovery Brain Sciences, University of Edinburgh
Background
Meniere’s Disease (MD) is an inner ear disorder that causes vertigo and hearing loss (Lopez-Escamez et al.,
2015, J Vestib Res 25:1). While there are many possible causes for MD, there is strong evidence for some
genetic causes. In recent studies, a Whole Exome Sequencing (WES) study was done on a multi-generational
Spanish family with MD (Requena et al., 2015, Human Molec Genet 24:1119) and in cases of sporadic MD
in a South Korean population (Oh et al., 2019, Front Neurol 10:1424) to discover rare mutations in FAM136a
and DTNA genes in both studies. FAM136a is a mitochondrial gene of unknown function and DTNA is a
gene coding for α-dystrobrevin, a cytoskeletal protein that assists in stabilizing synapses (Grady et al., 2006,
J Neurosci 26:2841).
Methods
Transgenic mice (on a C57BL/6 background strain) for these two genes were obtained from Sanger
(FAM136a) and Jackson (DTNA) labs. The effects of these genes on vestibular function, was checked using
a behavioral assay in a RotaRod apparatus. Both light and dark conditions were tested. The RotaRod was
programmed to produce 3 training runs and 3 acceleration runs, all completed in light conditions. Training
and acceleration runs were similar: 10 secs at 5 rpm and acceleration from 5 to 44 rpm over 40 secs. Mice
were tested for an additional acceleration run in the dark, to remove visual input and provide a vestibular
challenge. Three-way ANOVAs were used to analyze the results.
Results
Wild type (WT), heterozygote (HET), and knockout (KO) mice of each gene and sex, were tested on a monthly
basis from 1 to 24 months old. Mouse ages were analyzed both unbinned and binned by age in 6-month
increments (1-6, 7-12, 13-18, 19-24 months). We found significant differences across age for both FAM136a
and DTNA mice, with older mice performing worse than younger mice. Both males and females performed
worse in the dark, compared to the light conditions. In addition, there was a tendency for KOs to perform
worse in the dark compared to WTs.
Conclusions
These data support a correlation between the MD-related genes, FAM136a and DTNA, and their effect on
vestibular function. An expected age-related effect was found, along with a tendency for genotype differences.
These results have implications for future diagnostic approaches and treatments of MD.
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M119. Optimal Organ Donor Conditions for Recovery of Viable Inner Ear Tissues
Vestibular: Basic Research & Clinical
Ksenia Aaron*1, Davood Hossein1, Yona Vaisbuch1, Mirko Scheibinger1, Nicolas Grillet1, Stefan Heller1,
Tian Wang1, Alan Cheng1
1
Stanford University
Background
Loss of inner ear hair cells is the most common underlying pathologic finding associated with auditory and
vestibular disorders. While protocols for recovering inner ear tissues from different animal species are well
established, sources for human inner ear tissues are rather limited. Similarities and differences between
sensory organs from animal species and human are currently unclear. Decreased organ donors serve as a novel
resource for inner ear organs. Here we set out to characterize optimal pre-procurement conditions for
recovering viable inner ear tissues from deceased organ donors. We correlated donors’ health variables with
post recovery histological assessment of sensory and non-sensory cells of vestibular tissues.
Methods
Organ donors were identified for this study through a not-for-profit organization, Donor Network West.
Medical records were reviewed, and information collected included gender, age, comorbidities, cause of death,
time to resuscitation in the field, radiological reports, post admission time to recovery of the utricle from the
inner ear, as well as time from pronouncement of death to organ recovery. Bilateral utricles were procured
from two categories of donors: donors after brain death (DBD) and donors after cardiac death (DCD). Using
previously established protocols for immunohistochemical processing, whole-mount preparations of utricles
were immunolabeled for the hair cell and supporting cell markers Myosin7a and Sox2, respectively. Density
of hair cells and supporting cells was analyzed and compared.
Results
Utricles from 21 organ donors (39 ears) were recovered. Of these, 18 donors (33 utricles) were examined by
immunofluorescence. The sensory epithelium was present in seven utricles (two from DBD and five from
DCD). Relative to DBD utricles, DCD organs more commonly displayed dense populations of hair cells and
supporting cells. Relative to DBD, DCD had significantly shorter interval time postmortem to tissue recovery
(less than 48 hours). Compared to donors with no sensory epithelium, donors with intact sensory epithelium
(both DCD and DBD) had significantly shorter time to resuscitation prior to hospitalization (6.4±9.2 versus
35.6±23.7 minutes, respectively) as well as shorter interval time postmortem to tissue recovery (22.6±30.4
versus 64.8 ±22.8 hours, respectively).
Conclusions
Organ donors are a novel resource for procurement of bilateral vestibular tissues. Selecting donors within
defined pre-procurement parameters can increase the success rate of recovering quality inner ear tissues with
viable sensory and non-sensory cell types.
M120. Moderate White Noise Impairs the Postural Control During Stance Tasks in Compensated
Utricular Disorders
Vestibular: Basic Research & Clinical
Dietmar Basta*1, Kristina Anton1, Moritz Gröschel1, Arne Ernst1
1
Department of Otolaryngology at UKB, University of Berlin, Charité Medical School, Germany
Background
Patients with vestibular impairment often suffer from postural instability. This could be compensated by other
sensory systems such as proprioception or vision. However, auditory inputs might likewise help to improve
postural control since auditory cues are indispensable for orientation and localization. Therefore, the aim of
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this study was to investigate whether and to what extent patients with a compensated utricular disorder use
auditory inputs to maintain balance.
Methods
Thirty healthy volunteers and thirteen patients with normal hearing and vision, but with abnormal unilateral
utricular function participated. All other investigations of the vestibular organ showed normal function. All
participants performed five standing tasks under three acoustic conditions. These tasks included: standing on
firm ground (eyes open/closed), standing on foam support (eyes open/closed) and Tandem Romberg test (eyes
closed). All tasks were conducted in a soundproofed and reverberant room. The following acoustic conditions
were used for all tasks: quiet (reference, below 40 dB SPL) and continuous/interrupted white noise at 60 dB
SPL. Postural stability was recorded close to the body’s center of gravity (Vertiguard®).
Results
Sway increased significantly in utricular disorders when noise was presented compared to quiet for standing
on a foam support in the soundproofed room and for the Tandem Romberg test in both rooms. The sway of
healthy volunteers was significantly lower in nearly all tested noise conditions but not in the reference
condition.
Conclusions
The present study shows a negative influence of the applied auditory stimulation on postural control in
participants with a compensated utricular disorder. The white noise possibly masked auditory information
which was helpful to improve postural control in the quiet condition.
M121. Auditory Cortex Responses Are Enhanced During Social Learning
Auditory Cortex: Anatomy, Physiology & Function
Nihaad Paraouty
New York University - Center for Neural Science
Background
The acquisition of new skills can be facilitated by social experience, typically studied by exposing a naïve
animal to a conspecific that is performing a well-defined behavior. In a previous study (Paraouty et al., 2020),
we showed that naïve gerbils acquired a sound discrimination task significantly faster when exposed for five
days to a demonstrator gerbil that was performing the task. In fact, facilitation of learning occurred even when
observer and demonstrator were separated by an opaque divider, suggesting that observers were learning
auditory cues. Here, we asked whether such social learning is associated with changes to auditory cortex (AC)
processing.
Methods
To test whether AC is necessary for social learning, naïve gerbils received bilateral infusions of an agent that
blocks activity (muscimol) in AC during exposure to the demonstrator gerbil. Demonstrators performed an
amplitude modulation (AM) discrimination task, using an appetitive Go-Nogo procedure. Following 5 days
of exposure, naïve observer gerbils practiced the AM task without any drug infusion. To test whether AC
neuron coding properties were modified during social learning, 64-channel silicon probes were chronically
implanted in AC, and wireless recordings were obtained from freely moving naïve gerbils during the exposure
sessions, as well as during subsequent practice sessions.
Results
Naïve gerbils that received bilateral AC infusions of muscimol during exposure to the demonstrator required
a significantly greater number of days to learn the Go-Nogo discrimination task, as compared to saline-infused
controls. In separate experiments, electrophysiological recordings from single AC neurons revealed significant
changes in firing rate responses to the Go and Nogo stimuli across exposure days. Furthermore, using a spike
pattern classifier, we computed a neural d’ value for each AC neuron during the exposure sessions. To assess
whether learning-induced changes occurred during the exposure sessions, we compared neural d’ values
during early exposure sessions to those in late exposure sessions. For the majority of AC neurons, the neural
d’ values improved across exposure sessions.
Conclusions
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Together, these results suggest that exposure to a demonstrator performing a sound discrimination task is
causally linked to social learning and is associated with AC neuron plasticity. It is therefore plausible that such
changes in coding properties of AC neurons may support the social facilitation of learning.
M122. Spiral Ganglion-On-A-Chip
Cellular/Systems Development
Ilkem Sevgili,
University of Cambridge
Background
Hearing loss is the most widespread sensory disability in the world. Cochlear implants (CIs) are currently the
most reliable hearing restoration strategy for patients with severe to profound hearing loss. CIs operate by
bypassing the defective or lost cochlear hair cells, a common cause of hearing loss, and electrically stimulating
spiral ganglion neurons (SGNs) directly. Thus, the outcomes of CIs depend on a population of excitable SGNs.
The main issues affecting the performance of CIs are the reduced frequency resolution and the loss of spatial
selectivity. Additionally, SGNs can degenerate and lose their functions with ageing or upon damage and do
not regenerate spontaneously. To address these issues, a better understanding of how CIs interact with SGNs
is required. This cannot be done in vivo as currently available models are significantly limited. Thus, there is
a need for a reliable model that can serve to optimize CI performance and CI-SGN interaction.
Methods
In our preliminary research, we have developed procedures to grow spiral ganglion explants of neonatal
rodents in vitro and identified the parameters to optimize culturing. In the next step, we have started growing
the spiral ganglion explants on microelectrode arrays (MEAs). Through the combination of MEAs and
microfluidics systems, we will direct the outgrowth of SGN neurites toward electrode interfaces and obtain
non-invasive, accurate and sensitive recordings from SGNs. The same system will be later applied with SGNs
differentiated from human induced pluripotent stem cells (hiPSCs). Finally, these MEA constructions will be
incorporated into a 3D printed model of the cochlea, which will allow us to better represent and study the
electrophysiological behaviour of SGNs.
Results
Based on our immunostaining and qPCR results, we have achieved to optimize the techniques to differentiate
SGNs from hiPSCs. We are currently investigating the functionality of hiPSCs derived-SGNs on MEA
systems as well as comparing them to the electrophysiology measurements of SGNs dissected from neonatal
rodents. We will soon be able to understand the SGN firing activity in response to varying stimuli such as
pulse duration, pulse rate, pulse shape and electrode size.
Conclusions
In this project, we aim to develop platforms bridging the gap between the physiological context of in vivo
studies and the advantages of in vitro manipulations, ultimately creating a spiral ganglion-on-a-chip.
The spiral ganglion-on-a-chip will ultimately allow us to investigate the impact of different stimulation
parameters on SGNs and thus improve CI performance and validate computational models of the auditory
nerve firing.
M123. Open Board
M124. Age-Related Changes to the Size and Pigment Content of the Stria Vascularis in Mouse and
Human Temporal Bones
Aging
Nicholas Andresen
Johns Hopkins Hospital
Background
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The stria vascularis (SV) is a pigmented structure located in the lateral wall of the cochlea that generates the
endocochlear potential (EP). Decreased EP has been linked to age-related hearing loss. Melanocytes are
thought to be involved in the generation of the EP and are thought to convey antioxidant protection in the
cochlea. Converging evidence shows that African Americans have a 40-60% lower risk of age-related hearing
loss, and stria vascularis from older African American adults shows greater pigmentation compared to
Caucasians (Sun et al. 2014). However, it remains unclear if increased cochlear pigmentation confers lifelong
protection against hearing loss or if this finding indicates differential age-related changes in cochlear
pigmentation. We studied changes to the size and pigment content of the stria vascularis in a mouse model of
age-related hearing loss and compared those changes to pediatric and adult temporal bones.
Methods
Mouse temporal bone specimens were collected from CBA/CaJ strain juvenile (3-4 week) and adult (30-32
months) laboratory mice housed in a quiet environment. Pediatric and adult temporal bones of individuals
who identified as Caucasian or African American were examined from the Johns Hopkins Temporal Bone
Collection. Information regarding Fitzpatrick skin type were unavailable and self-identified race/ethnicity was
used as a proxy. Images were taken using light microscopy at 20x magnification. Image J software (v1.53)
was used to measure stria vascularis area and pigment content, calculated as a percent area of the stria
vascularis.
Results
Among mouse specimens, stria vascularis area remained unchanged overall, but pigment content increased
with age. Among human specimens, stria vascularis area decreased and pigment content increased with age.
African American individuals had higher amounts of pigment within the stria vascularis, among both pediatric
and adult populations.
Conclusions
Pigmentation in the stria vascularis increases with age in mouse and human temporal bone specimens.
Individuals who identified as African American had higher pigment content within the stria vascularis both as
children and as adults. These results suggest that pigment within the stria vascularis may have a protective
role against age-related hearing loss. Our findings also underscore the need for representation of participants
who reflect the racial/ethnic diversity of the aging population both within temporal bone studies and hearingrelated studies more broadly.
M125. Cdkn2a Deletion and Ototoxic Insults Independently and Synergistically Promote Glial Cell
Proliferation in the Inner Ear
Inner Ear: Damage & Protection
Kendra Stansak
University of Mississippi Medical Center
Background
Glial cells play critical roles throughout the nervous system but are generally less studied than neurons. In
addition to their more generalized neurotrophic functions, some glial cells act as progenitors which can give
rise to neurons or glia, and many glial cells retain the ability to proliferate well into adulthood. Thus, glial
cells represent a cell pool that could be used to promote the survival and possibly regeneration of nonregenerative neurons. However, when glial cell proliferation is unchecked, it can lead to tumorigenesis. Due
to the fact that non-regenerative eighth cranial nerve neurons can be lost to various insults including atrophy
subsequent to hair cell loss, and due to the fact that schwannomas can arise in or around the eighth cranial
nerve, there is an imperative need to better understand the genetic and environmental factors that influence
glial cell proliferation in the inner ear. The Cdkn2a locus gives rise to two different tumor suppressor proteins.
Accordingly, loss of function mutations or deletion of Cdkn2a exons results in increased cellular proliferation
in a number of tissues. However, the effect of Cdkn2a deletion on peripheral glial cells, or on any cells of the
inner ear, is not well elucidated.
Methods
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In the current study, young adult (P30) male and female Cdkn2a knockout mice and their wild type
counterparts were given saline vehicle or subjected to ototoxic damage by furosemide and kanamycin
treatment. Mice were provided with the thymidine analog BrdU in their drinking water for 2 weeks.
Results
Vehicle-treated Cdkn2a knockout mice demonstrated a modest, but significant, increase in cellular
proliferation throughout the modiolus compared to wild type littermates. Mice injected with furosemide and
kanamycin exhibited greater levels of cell proliferation compared to vehicle injected mice; and within this
ototoxic condition, proliferation was significantly greater in Cdkn2a-null mice. Cells were labeled with
antibodies against proliferating cell nuclear antigen (PCNA) and markers for glial cells (S-100), macrophages
(CD68) and neurons (Hu-D and Tuj1). While some PCNA positive cells appeared to be CD68 positive
macrophages, the vast majority of proliferating cells were S100 positive suggesting that they are glial. In only
one of the experimental groups, the kanamycin treated Cdkn2a-null cohort, were any proliferative cells colabeled by the neuron-specific antibodies Tuj1 and Hu-D., but these were rare.
Conclusions
The data therefore suggest that, while Cdkn2a deletion or kanamycin ototoxicity can each cause a moderate
increase in glial cell proliferation in the inner ear, the combined effect of these two manipulations is a robust,
synergistic increase in proliferation. These results and future directions will help us to better understand
molecular and environmental causes of glial cell proliferation in the inner ear with potential implications for
vestibular schwannomas and possibly neuronal regeneration.
M126. The Summating Potential From Intracochlear Electrocochlegraphy is Predictive of
Postoperative Hearing Outcomes in Cochlear Implant Recipients
Auditory Prostheses
Jared Panario
University of Melbourne
Background
Despite extensive investigation, there remains an unexplained wide variation in postoperative hearing
outcomes in cochlear implant (CI) recipients. Electrocochleography (ECochG) appears to offer the most
accurate prediction of post-CI hearing outcomes. The summating potential (SP), derived from ECochG, has
shown promise as a sensitive marker for the presence of functional inner hair cells. There is limited evidence
about intracochlear (IC) SP measurement in humans. Our hypothesis is that the IC SP provides additive
predictive value to postoperative hearing outcome models in CI recipients.
Methods
Intracochlear electrocochleography was recorded in 135 ears receiving cochlear implants in response to a
500Hz tone burst. Patients had preoperative PTA, SRT and CVC-Phoneme (CVC-P) scores recorded and
repeated at 3 and 12 months postoperatively. ECochG responses were recorded across the electrode array. The
SP and compound action potential amplitudes, if present, were measured by visual inspection, validated by
two clinicians. Cochlear microphonic (CM) and auditory nerve neurophonic amplitudes were also measured
using established techniques. The location of the maximal amplitude response for each waveform was
recorded. These were examined as explanatory variables, both in isolation and combination, for postoperative
hearing outcomes in mixed linear models. Models were compared to a null model, which included
preoperative hearing scores, age and sex as fixed effects.
Results
The majority of CI recipients (n=63, 46.7%) displayed minimal or absent SP deflection at any point on the
electrode array. Those with strong positive SP deflection had a more apical electrode location of maximal
response compared to negative SP deflection (difference of 4 electrodes, p = 0.021). The maximal SP
deflection amplitude, in combination with the CM, showed predictive power for all hearing outcomes at 3
months postoperatively in mixed linear modelling when compared to a null model. The presence of a positive
SP was associated with a markedly better CVC-P at 3 months, compared to small SP patients (score difference
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19.7, p = 0.0089). Larger CM were correlated with poorer postoperative hearing outcomes (each increase of
CM by 1µV reduced CVC-P score by 0.15, p=0.014). This model could not predict either SRT or CVC-P at
12-month follow up, but the pattern persisted for PTA thresholds.
Conclusions
Deflection of the IC SP can predict postoperative CI hearing outcomes. Patients with more positive deflection
fare better, and the positive SP may indicate greater survival of functional inner hair cells. Larger microphonics
are associated with poorer outcomes, possibly suggesting preoperative outer hair cell reliance and subsequent
device-induced loss. The loss of these effects at one year follow up may represent auditory cortical adaptation.
These outcomes can inform CI recipient postoperative management and expectations and provide pathways
for further investigation.
M127. HCN Channels Are Modulated by Muscarinic Acetylcholine Receptors in Vestibular Ganglion
Neurons
Vestibular: Basic Research & Clinical
Daniel Bronson
University of Southern California
Background
Hyperpolarization-activated cyclic-nucleotide gated (HCN) channels are thought to be important for
promoting spike-timing regularity and ephaptic transmission in vestibular neurons. The extent to which HCN
channels contribute to these functions depends on how much of their current is active at sub-threshold
potentials. The size of HCN currents depends on both the number of channels and their voltage-activation
range. Notably, the latter is known to be sensitive to intracellular second messengers like cAMP and PIP2.
Here our goal was to characterize HCN channel properties in vestibular ganglion neurons (VGN) using
experimental approaches that preserve the endogenous concentrations of second messengers and to determine
if efferent inputs additionally impact the channels. We hypothesized that activating muscarinic-acetylcholine
receptors may trigger G-protein coupled signaling cascades that affect the intracellular concentration of second
messengers like cAMP and PIP2 and thus also affect the activation of HCN channels.
Methods
To preserve the endogenous concentrations of second messengers, we characterized the voltage-gated
properties of HCN channels using perforated patch-clamp methods on isolated rat VGN ranging in age
between post-natal day (P)9 and P18 (n = 46). HCN activation was assessed before and after application of
the mAchR receptor agonist, Oxotremorine-M (Oxo-M, 10 μM).
Results
In contrast to previous reports using ruptured-patch methods, we found a remarkable heterogeneity in the
voltage activation range and kinetics of HCN channels at baseline. Some neurons had channels that activated
at nearly 20 mV more depolarized voltages than they did in other neurons. Neurons with phasic firing patterns
tended to have more depolarized activation ranges than did neurons with intermediate to tonic firing patterns.
In 11 of the 12 neurons tested, HCN channels activated faster and their voltage activation range shifted in the
positive direction when we applied Oxo-M. VGN with more negative activation ranges at baseline
experienced greater shifts; nearly 20 mV in one case. The HCN channel’s sensitivity to Oxo-M is not due to
the well-known ability of mAchR to close KCNQ channels. The KCNQ channel blocker, linopirdine, did not
affect HCN activation. Co-application of linopirdine with Oxo-M did not prevent the depolarizing shift of
HCN activation by Oxo-M.
Conclusions
In summary, HCN channel activation is more heterogenous and (in some neurons) more depolarized than
suggested by previous in vitro characterizations in VGN. Moreover, the results reveal an endogenous
mechanism for enhancing the activation of these channels via the mAchR pathway. These findings contrast
emerging results in striatal cholinergic interneurons wherein the mAchR pathway inhibits HCN channel
activity but are consistent with recent evidence in auditory brainstem showing a similar enhancement as
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described here. Future work will investigate the intracellular cascades involved in the mAchR regulation of
HCN channels and the impact of this modulation on vestibular afferent activity.
M128. Cochlear Inflammation in CBA/CaJ Mice Increases During Age-Related Hearing Loss
Aging
Ben Seicol
The Ohio State University
Background
Age-related hearing loss (ARHL) is a major hearing impairment in patients that is widely studied in research
animals. Hair cells in the cochlea transduce mechanical sound waves into electrical signals, and specialized
ribbon synapses reliably transmit auditory information to the peripheral terminals (cochlear synapses) of spiral
ganglion neurons. Loss of hair cells and cochlear synapses lead to sensorineural hearing loss in ARHL.
CBA/CaJ mice exhibit late-onset, human-like progression of hearing loss during normal aging making them
a fitting model for studying ARHL in mice. Cochlear macrophages and circulating monocytes drive cochlear
inflammation following physical and chemical insults to cochlea, and in humans, cochlear inflammation has
recently been confirmed in post-mortem tissue samples of aged patients. However, well-controlled animal
studies of cochlear inflammation in late-onset ARHL are needed to advance our mechanistic understanding of
the contribution of inflammation to sensorineural hearing loss in aging.
Methods
To address this, we have conducted a series of immunohistochemical studies examining cochlear
inflammation in young (~2-3 months) and aged (~30 months) CBA/CaJ mice.
Results
Iba1-labeled resident macrophages in the cochlea show increased area and elevated levels of CD68 with age,
indicating increased activation.
Conclusions
This study confirms that CBA/CaJ mice are a suitable model for studying inflammation in ARHL, and our
results suggest that increased cochlear inflammation during aging may contribute to the pathophysiology of
ARHL.
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Podium 19: "Therapeutics Bonanza"
Moderators: Dr. Tejbeer Kaur and Dr. William Slattery
Category: Inner Ear: Damage & Protection
PD 19.1 OHC Synaptic Ribbons Increase in Number and Size After Acoustic Trauma
Megan Wood
Johns Hopkins University School of Medicine
Background
Inner hair cell (IHC) ribbon synapses with type I afferents have been studied extensively following acoustic
trauma. However, little is known about the effect of acoustic trauma on outer hair cell (OHC) ribbon synapses
with type II afferents. Of particular interest is the prevalence of ‘ribbonless’ type II contacts with OHCs
(Martinez-Monedero, R. et al. 2016).
Methods
OHC ribbon synapses were examined using confocal microscopy and transmission electron microscopy
(TEM). Upon quantification using virtual reality reconstructions, immunolabeling of CtBP2 identified two
populations of ribbons in OHCs. These populations were termed ‘supranuclear’ and ‘synaptic’ based on their
location relative to the nucleus and the cell membrane. Supranuclear CtBP2 immunopuncta were located
between the nucleus and the cuticular plate and far from the cell membrane. Synaptic CtBP2 immunopuncta
were located near the cell membrane surrounding and below the nucleus where the type II afferent and medial
efferent boutons are located. Acoustic trauma was induced using a 110 dB SPL broadband stimulus for two
hours. Immunolabeling and TEM micrographs were generated seven days after acoustic trauma.
Results
Supranuclear CtBP2 immunopuncta did not change significantly in number after acoustic trauma. However,
synaptic CtBP2 immunopuncta significantly increased from 1.1 ± 0.2 (SD) ribbons per OHC to 1.4 ± 0.2
ribbons per OHC after acoustic trauma. Serial section TEM revealed a similar increase in ribbons presynaptic
to type II afferent boutons at the synaptic pole of OHCs after acoustic trauma. Also, the average volume of
OHCs ribbons was significantly larger after acoustic trauma. To interrogate the effect of an increase in OHC
ribbons on type II afferent connectivity, a computational model convolved the known range of ribbonassociated synapses of type II afferents (Weisz, C et al. 2012) with the change in number observed with
immunolabeling after acoustic trauma. The average number of ribbons per virtual type II afferent increased
from 10.2 ± 5.8 to 12.2 ± 6.4, which resulted in a doubling of the probability of type II afferent action potentials
when maximally stimulated, as by loud, broadband noise.
Conclusions
Acoustic trauma caused an increase in the number of OHC ribbons. Assuming no other changes, and that
OHCs remain functional, this increase in itself would double the probability of type II afferent action
potentials. These observations raise interesting questions about the differential regulation of ribbons in OHCs
versus IHCs after acoustic trauma. Further, opposite changes in synaptic function of type I and type II afferents
after acoustic trauma imply an altered balance at central connections. This echoes the gate theory of pain
advanced by Melzack and Wall in 1965 whereby reduced activity in large diameter afferents disinhibits central
transmission by small diameter nociceptive afferents, suggesting a parallel model for hyperacusis.
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PD 19.2 Cell-Type Specific Regulation of Gene Expression in the Inner Ear Following Permanent
Threshold Shift (PTS)-Inducing Noise Exposure
Ronna Hertzano
University of Maryland School of Medicine
Background
Noise induced hearing loss (NIHL) due to occupational and recreational noise exposures, is a worldwide
epidemic affecting people of all ages. Furthermore, NIHL is thought to play an important role in the
pathophysiology of age-related hearing loss. However, to date, there are no treatments to reverse or prevent
NIHL.
Methods
Here we sought to understand the cell type-specific molecular changes induced 6 and 24 hours after a
Permanent Threshold Shift (PTS)-inducing noise exposure. For this purpose, we used a manifold of
transcriptomics experiments examining gene expression of mice exposed to PTS-inducing noise in
comparison to un-exposed mice.
Results
We used the RiboTag approach to enrich for transcripts from either outer hair cells or supporting cells/glial
cells, and thus identified genes and pathways regulated in these cell types. Single-cell RNA sequencing
(scRNA-seq) of spiral ganglion neurons (SGNs) revealed the responses of SGNs to PTS-inducing noise
exposure. We identified and characterized an anti-apoptotic pathway exclusively induced in type 1A neurons,
which may account for their known resilience to noise. Additional scRNA-seq delineated the response of the
main cell types of the Stria Vascularis, showing that most of the cells in this vital organ exhibit downregulation
of pathways involved in potassium transport. scRNA-seq of inner ear immune cells singled-out monocytes as
the key responders to noise and highlighted their role in cytokine and apoptotic signaling to surrounding cells.
Last, we identified a response common to all cell types, which revealed a universal upregulation of innate
immune response processes.
Conclusions
These results provide a comprehensive characterization of the cell type-specific genetic responses induced
during noise-induced PTS hearing loss and suggest regulators that are promising targets for therapeutic
interventions.
PD 19.3 Development of an Electrochemical Immuno-Biosensor for Rapid Detection of Circulating
Inner Ear Biomarkers, Prestin and Otolin
Sahar Sadat Mahshid
Sunnybrook Research Institute
Background
Permanent damage to cochlear or vestibular cells leads to hearing and balance disorders, respectively. There
is no diagnostic test available to identify these disorders with the exact location of cellular damage in the inner
ear. Thus, there is a need for new diagnostic approaches that are based on the detection of inner ear biomarkers
circulating in the blood, through a rapid biosensor platform. These approaches require the knowledge of
effective blood biomarkers, the development of highly sensitive and specific recognition strategies for these
biomarkers, and the design of biosensor platforms that can be used at the point-of-need.
Methods
We developed techniques for the identification and quantification of inner ear biomarkers using approaches
from immunohistochemistry, synthetic biology, materials innovation, and electrochemical devices. Here, we
present the first biosensor platform for the rapid one-step detection of prestin, a blood circulating biomarker
specifically expressed in cochlear outer hair cells; and otolin-1, a blood circulating protein specifically
expressed in the utricle and saccule. Our biosensor was combined with a DNA-based immunoassay on
nanostructured electrodes for sensitive electrochemical detection of either prestin or otolin-1. We first
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designed an assay that employed nucleic acid sequences re-engineered to undergo a large-scale surface
hybridization. Upon hybridization, the target protein, as well as redox reporter moieties, are brought to the
electrode surface, which results in the generation of a specific electrochemical output. The electrode surface
was then engineered by employing high-curvature nanostructured materials to enable sensitive sample
analysis at low detection limits, close to the desired range, and in small (finger prick) volumes.
Results
We show that our electrochemical immuno-biosensor is capable of detecting the two biomarkers at low
picomolar concentrations with a three-fold quantitative range in a 10 µL sample in under 30 minutes.
Conclusions
Ultimately, more accurate diagnostics will help identify the sites of lesion in the inner ear – sensory hair cell
types, auditory neurons, synapses, stria vascularis or central auditory pathway, and will provide the ability to
rapidly detect and closely monitor the occurrence and progression of inner ear disorders as well as the efficacy
of any treatment.
PD 19.4 Development of an In Vivo Biomarker for Evaluating the Biologic Characteristics of Ototoxic
Drugs and Novel Therapeutics That Mitigate Ototoxicity
Joseph Bellairs
University of Washington
Background
Aminoglycoside antibiotics are thought to gain entry to hair cells through mechanoelectrical transduction
(MET) channels, accumulate in cellular compartments, trigger hair cell death, and ultimately result in
irreversible sensorineural hearing loss. A biomarker is a reliable and efficient method to determine the
presence or progress of a disease that can be used for either diagnostic purposes or to evaluate the effects of
treatment. We present recent progress developing a biomarker system to evaluate the dose and time
relationships between systemically administered aminoglycosides and hair cell accumulation, and the effects
of ORC-13661, a hearing protection drug currently under clinical investigation.
Methods
Neonatal mice (P4-5) and young mice with mature hearing (P25-30) were given systemic injections of
geneticin (G418), a gentamicin congener, conjugated with Texas Red (G418-TR) either alone or in
conjunction with ORC-13661 pretreatment. Dosage, injection schedules, and survival times of both drugs
were systematically varied. Controls included unconjugated Texas Red hydrazide administered at identical
doses. Blood samples were taken, followed by euthanasia, otic capsule dissection with fixation by local
perfusion, and dissections of whole mount preparations. Tissue was immunolabeled with anti-myosin7a and
imaged with confocal microscopy. Utilizing myosin7a as a hair cell mask, G418-TR fluorescence was
quantified within hair cells. Serum fluorescence was measured using a plate reader with a fluorimeter.
Results
After subcutaneous injection of neonatal P4-5 mice with G418-TR (2-10 mg/kg), hair cells accumulate labeled
aminoglycoside in a dose-dependent manner. Young adult mice with mature hearing show a similar dosedependent relationship. We next evaluated how aminoglycosides accumulate in neonatal hair cells over time.
After a single dose of G418-TR, hair cells accumulate peak levels of aminoglycoside at approximately 6 hours
post-injection and retain this level of fluorescence for at least 3 days. We are in the process of analyzing
additional tissues within the cochlea to determine whether prolonged retention of aminoglycosides is specific
to hair cells. Serum fluorescence in these animals peaked at 3 hours post-injection and returned to baseline
within 24 hours. We further demonstrate that neonatal mice pretreated with ORC-13661 show a dosedependent mitigation of aminoglycoside accumulation when compared to those pretreated with vehicle.
Conclusions
We demonstrate that neonatal mice accumulate systemically administered aminoglycoside antibiotics in hair
cells in a dose-dependent manner and retain aminoglycoside long after initial exposure. Pretreatment with
ORC-13661 can inhibit the accumulation of aminoglycoside antibiotics in hair cells, suggesting that this
system can be used as a biomarker to characterize otoprotective therapies. We believe that this preparation
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can serve as a valuable translational tool to better understand mechanisms of ototoxicity and as a rapid model
to assess biologic characteristics of therapeutic strategies designed to mitigate ototoxicity.
PD 19.5 Long-Term Therapeutic Benefit of Acute Hypothermic Intervention Applied Post-Exposure
to Non-Neuropathic Noise
Samantha Rincon Sabatino
University of Miami
Background
Acquired hearing loss is one of the most common chronic health conditions worldwide. WHO estimates
suggest that ~6% of the world’s population have disabling hearing loss; a statistic expected to increase with
the rise in hazardous recreational or occupational noise exposures. Even low-to-moderate noise exposures (91106 dB) can cause early cochlear synaptopathy without permanent shifts in hearing. In the long-term, this
synaptopathy may hasten auditory nerve fiber degeneration and has been linked to age-related neurocognitive
impairment. Despite the prevalence of disabling hearing loss, currently, there are no FDA-approved
interventions for noise-induced hearing loss (NIHL) and prevention strategies primarily rely on hearing
protection devices. We have recently proposed a non-invasive intervention strategy through an acute, localized
induction of mild therapeutic hypothermia (MTH). In the present study, we discuss results highlighting the
reduction of cochlear injury even when hypothermia is applied post-noise exposure in a preclinical model.
Methods
Male and female Brown Norway rats aged 15-20 weeks were screened for normal hearing thresholds and
randomly separated into four groups: (1) Normothermic NIHL, (2) MTH-treated NIHL, (3) MTH Control and
(4) Normothermic Control. The NIHL groups (1,2) were exposed to a two-hour continuous 4-8 kHz noiseexposure at 105 dB to induce temporary changes in hearing. Localized cochlear induction of MTH (31-33ºC)
was achieved using a custom-developed cooling system in MTH groups (2, 3) for a two-hour period starting
15 minutes post-noise. Changes in auditory brainstem response (ABR) thresholds from baseline (pre-trauma)
were compared across the four groups at multiple time-points up to 12 months post-noise. Cochleae from
long-term experiments were harvested for immunohistological assessment of the hair cells and auditory nerve.
In a separate set of male animals, cochleae were harvested at 24 hours post-noise for both NIHL groups and
unexposed Normothermic Control animals (1,2,4) for RNA-sequencing. Differential gene expression analysis
between the three groups was performed to gain insights into the mechanisms of MTH neuroprotection.
Results
Unexposed MTH Control animals showed no changes in auditory thresholds or behavior from baseline
assessment, suggesting the safety of this hypothermic induction protocol. Both NIHL groups showed
significant temporary changes in hearing (p<0.001) with reduced shifts (~15 dB) and earlier recovery to
baseline levels (~14 days) observed for MTH-treated NIHL animals. Differential gene expression results
indicate noise-induced upregulation of inflammatory and apoptosis-related genes at 24 hours post-noise.
KEGG pathway analysis of the three groups suggests that MTH-treatment significantly downregulates
cytokine-signaling pathways compared to Normothermic NIHL animals.
Conclusions
Non-pharmaceutical localized induction of mild therapeutic hypothermia in the inner ear is a feasible, safe,
and efficacious neuroprotective intervention following non-neuropathic noise exposure. MTH likely provides
significant protection to cochlear structures via downregulation of inflammatory and apoptotic pathways.
Acknowledgements: Supported by R21DC014324, R01DC013798, and F31DC018212.
PD 19.6 Cochlear Implant Electrodes as Intracochlear Diagnostic/Monitoring Tool
Tristan Putzeys
University of Leuven
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Background
Cochlear Implants (CIs) are established as a hearing solution for perceptive deafness. Intracochlear postoperative monitoring is difficult as the cochlea is difficult to access. However, the presence of electrical
contacts inside the cochlea offer an additional use as an intracochlear diagnostic tool when the electrode array
is combined with high-resolution electrical impedance materials analysis techniques.
We have extended the use of CI electrode array to measure both chemical and physical properties of perilymph
in both lab conditions and in human cadaver temporal bones.
Methods
Both commercial (Cochlear) and lab-made CI, as well as CI-imitating Printed Circuit Boards (PCBs) are
interfaced to an electrical impedance analyzer (Novocontrol Alpha-analyzer). A small alternating potential of
65 mV, well below an action potential threshold, is applied to two platinum contacts of the electrode array
and the frequency-dependent electric current response reveals information on the composition and temperature
of the surrounding liquid environment. The technique is known in materials science as dielectric relaxation
spectroscopy.
The optional application of a synthetic, biocompatible biosensor coating in the form of a Molecularly
Imprinted Polymer (MIP) with highly specific binding properties allows for low-concentration detection of
inflammation markers, such as histamine and interleukins.
Perilymph sampled from recently deceased individuals was used for composition analysis, while
electrochemically matched artificial perilymph was used to verify diagnostic properties. The artificial
perilymph can be spiked with inflammation markers and replaces the perilymph in a cadaveric human cochlea
as a controlled substance.
Results
The dielectric relaxation spectrum of sampled perilymph contained absorption peaks corresponding to single
cell relaxations, with dimensions corresponding to lymphocytes, later confirmed by H&E staining.
Placing the electrode array in a cell culture with human fibroblasts revealed the growth of a different
absorption peak, enabling identification of fibrosis and scar tissue formation onto the implant.
Monitoring the frequency of maximum electric absorption allows for monitoring of the temperature of the
liquid with a resolution of 0.5°C, according to the Arrhenius-law of absorption.
The use of a dedicated, synthetic, biocompatible biosensor coating tuned to histamine detection, yielded a
dose-response curve with a lower detection limit of 3 nM and a saturation of the sensor at 10 µM. Well within
physiological ranges of inflammation detection.
Conclusions
The results show feasibility of using a CI electrode array as an intracochlear diagnostic and monitoring tool.
The presence of many electrodes in the cochlea allows for very localized measurement of relevant parameters
in the perilymph. Potential future applications include post-operative monitoring of the implant surgery and
localized monitoring of regenerative techniques, such as gene therapy. Follow-up studies will include in vivo,
acute small animal experiments.
PD 19.7 The Pharmacokinetic of Topic Dexamethasone in Cochlear Implants. Measuring Impedance
Subcomponents
Seba Ausili
University of Miami
Background
Cochlear implant (CI) impedance reflects the status of electro neural interphase, acting as a biomarker for
inner ear injury. Most impedances shifts are diagnosed retrospectively because it is only measured in clinical
appointments, with unknown behaviour between visits. Furthermore, different drugs and surgical technics
help to protect the cochlear damage during and after CI electrode insertion. Dexamethasone is normally
provided in the middle ear during surgery. This approach has shown benefits reducing the inflammatory
process in the inner ear. Yet, it is unclear if a single intra-operatively topical dose significantly prevents the
tissue growth at the CI activation day when compared to no-drug administration.
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Methods
A randomized double-blind placebo-controlled clinical trial was conducted. Patients (n=17) were randomly
divided in two groups and allocated in a 1:1 ratio to receive local dexamethasone 20 mg/ml or placebo (normal
saline) in the middle ear during CI surgery. Impedances were retrieved daily from surgical day to activation
of the CI (30 days). The complete voltage waveform was measured in order to obtain the impedance
subcomponents (Ra and Cp).
Results
The standardized clinical impedance shows a continues increase in both the placebo and the dexamethasone
groups. As expected, the clinical impedance average between groups at day 0 was similar, being 6.5 ± 0.3 kΩ
and 6.0 ± 0.3 kΩ for placebo and dexamethasone respectively. Between day 3 and 11, the dexamethasone
group yielded significantly lower impedance values reaching a maximal difference at day 8 of about 2.5 kΩ.
From day 12 until CI activation no significant differences were obtained between placebo (mean of 13.6 ± 0.6
kΩ) and dexamethasone (mean of 13.8 ± 0.3 kΩ).
The access resistance, or Ra of the impedance subcomponent, followed a similar pattern to the clinical
impedance. Groups started at 3.2 ± 0.2 kΩ and 3.1 ± 0.1 kΩ, reaching values of 5.8 ± 0.4 kΩ and 5.7 ± 0.3 kΩ
for placebo and dexamethasone, respectively.
Interestingly, the polarization impedance pattern showed a slightly different behaviour. The polarization
capacitance (Cp) yielded significant difference from day 0 until day 12, where the maximal difference yielded
4 nF.
Conclusions
The application of a topical single dose dexamethasone is one of the most used technics in hearing preservation
technics for CI surgery. However, our findings show that this singular dose did not yield significant difference
between groups (placebo and dexamethasone). Differences were observed on their pharmacokinetics, which
were no longer visible from day 12 to CI activation (day 30). Most likely, to decrease the tissue growth due
to CI implantation a combination of other technics and approached should be consider. By modelling the
electrode-tissue interface as an electrical circuit, one can observe different subcomponent behaviours which
are related to distinct physiological processes.

10:00 a.m. - 12:00 p.m.
Podium 20: "Outcome Assessment"
Moderators: Dr. Ellen Peng and Dr. Viral Tejani
Category: Auditory Prostheses
PD 20.1 Acoustic Cue-Weighting for Vocal Emotion Perception With Normal Hearing and With
Cochlear Implants
Monita Chatterjee
Boys Town National Research Hospital
Background
Spoken emotions are conveyed dominantly by prosodic cues. Among prosodic cues, voice pitch changes
constitute a primary cue to the talker’s intended emotion. Those with hearing loss who have cochlear implants
(CIs) encounter considerable difficulty perceiving this key acoustic cue, resulting in impaired identification
of emotions in speech. Secondary cues such as duration and loudness may also be used by listeners to identify
spoken emotions. CI users show large, unexplained variability in their identification of emotions, but it is
unknown to what extent this is due to differences in their use of primary vs. secondary cues. Here, we report
on a new method to quantify acoustic cue-weighting for emotion identification, and present initial results
obtained in normally hearing listeners and cochlear implant patients.
Methods
Recordings of the sentence “Time to go”, made in a happy and sad sounding way by the same female talker,
formed the basis of the stimulus set. They were equalized in duration and the voice pitch (F0) contour was
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extracted from each. At each sampling point of time, F0 values were computed along a logarithmic space
between the happy and sad versions. These values were used to create three new contours, one at 0.25 of the
space between happy and sad, one at 0.5 of the space, and one at 0.75 of the space. We thus ended up with
five contours systematically varying from happy to sad emotions. New utterances were generated by imposing
the new contours on the original recordings. These five utterances were now manipulated to have five
durations each, resulting in 25 tokens. These 25 tokens were presented to listeners at 5 intensity levels each,
resulting in 125 tokens. Listeners heard one of these recordings at random and indicated whether it sounded
happy or sad in a single-interval, two-alternative forced choice paradigm. Normally hearing listeners heard
these original recordings and noise-vocoded versions, while cochlear implant listeners heard the original
versions only.
Results
Preliminary results obtained in 11 young normally hearing listeners indicate that both F0 contour and duration
are strong cues for emotion, but that reliance on the F0 contour decreases as spectral degradation increases.
Two bilaterally implanted cochlear implant listeners showed differences in cue-weighting patterns between
the two sides, and overall less reliance on the F0 cue than the normally hearing listeners. Intensity cues were
not used by listeners to distinguish happy and sad emotions by listeners in this study.
Conclusions
Quantifiers derived from analyses of these data will provide key information about how individual listeners
exploit covarying primary and secondary cues to identify spoken emotions, and how the pattern changes with
different levels of acoustic degradation, or with factors such as age at implantation or duration of deafness
prior to implantation.
PD 20.2 Training of Mandarin Tone Recognition With Amplitude Envelope Enhancement in Cochlear
Implant Simulation
Xin Luo
Arizona State University
Background
Cochlear implant (CI) users have significantly poorer Mandarin tone recognition than normal-hearing (NH)
listeners. Speech and music training have been shown to significantly improve Mandarin tone recognition of
CI users, although the training tasks were not specifically Mandarin tone recognition and there was no control
group without training in the previous studies. On the other hand, amplitude envelope enhancement has also
been shown to significantly improve Mandarin tone recognition with CIs. This study aimed to compare the
effects of Mandarin tone recognition training with the original or enhanced amplitude envelope on both the
recognition scores and cue weighting of Mandarin tone recognition in CI simulation.
Methods
Thirty Mandarin-speaking NH listeners listening to a 4-channel CI simulation were randomly assigned to one
of three groups: training using speech with the enhanced amplitude envelope, training using speech with the
original amplitude envelope, and listening to speech with the original amplitude envelope without training.
For each group, there were five one-hour training or listening sessions on five days. Mandarin tone recognition
scores with the original or enhanced amplitude envelope and the weighting of pitch contour and amplitude
envelope cues in Mandarin tone recognition were measured one day before the training/listening sessions, and
then one day and one week after the sessions.
Results
The results showed that listening only without training did not improve Mandarin tone recognition with CI
simulation. In contrast, training with either the original or enhanced amplitude envelope significantly
improved Mandarin tone recognition with CI simulation, leading to a significant group difference in the posttest but not in the pre-test. Among the three groups, only the group trained with the enhanced amplitude
envelope showed a significant interaction between testing condition and testing session. Basically, for that
group, the difference in Mandarin tone recognition with the enhanced and original amplitude envelope was
greater in the post-test than in the pre-test. Training with either the original or enhanced amplitude envelope
significantly increased the weighting of amplitude envelope cues but not that of pitch contour cues in Mandarin
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tone recognition with CI simulation. The training effects were largely retained one week after the training
sessions.
Conclusions
This study enhanced our understanding of the training effects on Mandarin tone recognition with CI simulation
and showed that Mandarin tone recognition training with amplitude envelope enhancement can improve CI
users’ ability to make use of the enhanced cues.
PD 20.3 Assessing Delayed Recall Abilities in Cochlear Implant Users Using the MoCA and CVLT-3
Alexandra Parbery-Clark
Swedish Neuroscience Institute
Background
Hearing impairment and dementia are two of the most prevalent concerns for the aging population. One of the
most widely used assessments for cognitive impairment is delayed recall. Recent work using the Montreal
Cognitive Assessment (MoCA) suggests that delayed recall may pose a specific challenge for cochlear implant
(CI) recipients. In order to better understand the delayed recall abilities of CI recipients, we administered the
MoCA and the California Verbal Learning Test, Third Edition (CVLT-3).
Methods
18 experienced CI users, all with post-lingual hearing loss, participated in this study. All participants
completed the MoCA and CVLT-3. For the CVLT-3, both traditional scoring as well as a newer scoring
method (the Item-Specific Deficit Approach, or ISDA) were employed. Speech understanding was quantified
using the AzBio Sentence Test. Correlational and MANOVA tests were used for analyses.
Results
MoCA and CVLT-3 performance did not relate. With the exception of learning slope, CVLT-3 immediate
recall measures and the ISDA encoding and consolidation metrics were highly related. With the exception of
cued recall, equivalent CVLT-3 delayed-recall measures related to the ISDA retrieval index. Higher speech
scores were correlated with higher CVLT-3 performance and lower ISDA encoding and retrieval deficits;
however, there was no relationship between speech performance and MoCA performance. With participants
split into two groups of higher and lower performance on the AzBio, higher performers demonstrated less of
an encoding and retrieval deficit. The consolidation deficit between groups was equivalent.
Conclusions
No relationship was found for performance between the MoCA and the CVLT-3 or ISDA. ISDA encoding
and retrieval indices demonstrated a strong relationship with equivalent CVLT-3 subtests and the memory
processes that they are thought to reflect. The ISDA was also more sensitive to individual differences in speech
performance for encoding and retrieval than the MoCA or CVLT-3, suggesting that it could be useful for
assessing cognitive abilities associated with delayed recall in CI recipients.
PD 20.4 Electrical Stimulation Versus Acoustical Amplification: Comparison of Predicted Auditory
Nerve Signals
Philipp Aichinger
Medical University of Vienna
Background
The distinction between different types of hearing loss and characterization thereof is important for the clinical
care of impaired hearing. For example, the indication of cochlear implantation is crucial because implantation
cannot be reversed without harm. Types of hearing loss include cochlear gain loss (CGL) due to damage of
outer hair cells, loss of inner hair cells (IHCL) and cochlear synaptopathy (CS) due to damage of synapses
between inner hair cells and the auditory nerve. Aim of the study is to identify via computer simulation
combinations and degrees of CGL, IHCL, and CS, for which electrical stimulation triggers nerve signals that
are more similar to nerve signals of normal hearing than alternative approaches.
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Methods
A simulation study is conducted in which predicted auditory nerve signals are compared for five different
scenarios, i.e., (i) unaided hearing, (ii) acoustic amplification, (iii) electrical stimulation, (iv) combined
acoustic amplification and electrical stimulation, and (v) a normal hearing reference. The used computer
models are the following. First, a biophysical model is used for predicting firing rates of the auditory nerve
fibres from acoustic input (Verhulst et al. 2018). The firing rates are obtained in a time-place representation.
Second, for modelling acoustic amplification, the open Master Hearing Aid (openMHA) toolbox is used to
simulate multi-band compression of the acoustic signal (Grimm et al. 2015; Herzke et al. 2017). Third,
electrical stimulation is simulated using a model of the spatial spread of the electric field followed by a leaky
integrate-and-fire model of the hair cell (Fredelake and Hohmann 2012). Nerve signals of a total of 1024
subjects with a wide variety of different types and degrees of hearing impairment are predicted.
Results
Preliminary threshold analysis shows that when approximately two thirds or more of the inner hair cells are
lost, the firing rates predicted for electrical stimulation appear to be more similar to normal hearing’s firing
rates than firing rates obtained with acoustic amplification or without hearing aid. However, the difference of
firing rates with and without implantation is small near the threshold, which may reflect that a hearing aid is
sufficient if not substantially more inner hair cells are lost. CGL and CS appear to have small influence
compared to IHCL.
Conclusions
A simulation approach for predicting and comparing firing rates of auditory nerve signals for different auditory
prostheses is proposed. The simulation aims at providing personalized recommendations for indicating
cochlear implantation. Only predicted firing rates of nerve signals are compared, while a holistic interpretation
of a patient’s situation remains at the competence of the clinician.
PD 20.5 The Summating Potential From Intracochlear Electrocochlegraphy is Predictive of
Postoperative Hearing Outcomes in Cochlear Implant Recipients
Jared Panario
University of Melbourne
Background
Despite extensive investigation, there remains an unexplained wide variation in postoperative hearing
outcomes in cochlear implant (CI) recipients. Electrocochleography (ECochG) appears to offer the most
accurate prediction of post-CI hearing outcomes. The summating potential (SP), derived from ECochG, has
shown promise as a sensitive marker for the presence of functional inner hair cells. There is limited evidence
about intracochlear (IC) SP measurement in humans. Our hypothesis is that the IC SP provides additive
predictive value to postoperative hearing outcome models in CI recipients.
Methods
Intracochlear electrocochleography was recorded in 135 ears receiving cochlear implants in response to a
500Hz tone burst. Patients had preoperative PTA, SRT and CVC-Phoneme (CVC-P) scores recorded and
repeated at 3 and 12 months postoperatively. ECochG responses were recorded across the electrode array. The
SP and compound action potential amplitudes, if present, were measured by visual inspection, validated by
two clinicians. Cochlear microphonic (CM) and auditory nerve neurophonic amplitudes were also measured
using established techniques. The location of the maximal amplitude response for each waveform was
recorded. These were examined as explanatory variables, both in isolation and combination, for postoperative
hearing outcomes in mixed linear models. Models were compared to a null model, which included
preoperative hearing scores, age and sex as fixed effects.
Results
The majority of CI recipients (n=63, 46.7%) displayed minimal or absent SP deflection at any point on the
electrode array. Those with strong positive SP deflection had a more apical electrode location of maximal
response compared to negative SP deflection (difference of 4 electrodes, p = 0.021). The maximal SP
deflection amplitude, in combination with the CM, showed predictive power for all hearing outcomes at 3
months postoperatively in mixed linear modelling when compared to a null model. The presence of a positive
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SP was associated with a markedly better CVC-P at 3 months, compared to small SP patients (score difference
19.7, p = 0.0089). Larger CM were correlated with poorer postoperative hearing outcomes (each increase of
CM by 1µV reduced CVC-P score by 0.15, p=0.014). This model could not predict either SRT or CVC-P at
12-month follow up, but the pattern persisted for PTA thresholds.
Conclusions
Deflection of the IC SP can predict postoperative CI hearing outcomes. Patients with more positive deflection
fare better, and the positive SP may indicate greater survival of functional inner hair cells. Larger microphonics
are associated with poorer outcomes, possibly suggesting preoperative outer hair cell reliance and subsequent
device-induced loss. The loss of these effects at one year follow up may represent auditory cortical adaptation.
These outcomes can inform CI recipient postoperative management and expectations and provide pathways
for further investigation.
PD 20.6 SpeedCAP: A Method for Efficiently Measuring Multiple Electrically Evoked Compound
Action-Potentials for Clinical Applications
Charlotte Garcia
University of Cambridge
Background
Electrically Evoked Compound Action-Potentials (ECAPs) can be recorded using the electrodes in a cochlear
implant (CI) and represent the synchronous responses of the electrically-excited auditory-nerve response.
Various combinations of these ECAP measures from multiple electrodes have been used to shed light on cases
of poor CI speech performance and to model the electrode-neuron-interface (ENI), including estimation of
neural health and spread of excitation. ECAPs can be measured easily in the clinic; they require no additional
measurement equipment beyond the implant itself and clinical software. However, the measurement of ECAPs
from multiple combinations of electrodes can be sufficiently time-consuming as to restrict their clinical
application. A method is proposed for optimising the process of recording ECAPs by exploiting redundancies
present when multiple measurements are collected.
Methods
ECAPs were recorded using the forward-masking artefact-cancellation technique from 5 Cochlear CI users at
comfortable loudness levels for every combination of masker and probe for all active electrodes in the
participants’ MAPs. This resulted in a full matrix of ECAPs referred to as M0 (22 electrodes: 444 ECAPs, 45
minutes). The same current levels were then used to collect ECAPs for half of this matrix for the same
participants using the SpeedCAP method (MS). MS contains ECAP responses where maskers were either
presented on the same electrode, or on electrodes apical to the probe (253 ECAPs, 8 minutes). RMSEs were
calculated between M0 & MS for each participant. Correlations were also calculated between estimates of
current spread and neural health as a result of submitting M0 & MS respectively to the Panoramic ECAP
(PECAP) Method (Garcia et al 2020, preprint: psyarxiv.com/xrz4f/).
Results
The RMSEs between M0 & MS for each of the 5 participants were normalized by the maximum ECAP
amplitude recorded for that participant, and ranged from 6 – 11% (mean = 7.9% , std = 1.4%), compared to 2
– 7% for repeat measures of M0 (mean = 4.6% , std = 1.9%). PECAP provides estimates of variation in neural
health and current spread along the length of the array for individual participants. Across-electrode, withinparticipant correlations between neural health estimates when M0 vs MS were submitted to the algorithm
resulted in r-values of between 0.59 and 0.91 (all significant with p < 0.005). Correlations for current spread
estimates were also all significant with r-values of between 0.51 and 0.99 (all p < 0.0001).
Conclusions
This new, optimally efficient approach to measuring multiple ECAPs could provide enough time savings (up
to 75%) to allow efficient multiple-electrode recordings to be made in routine clinical practice, even when
slow presentation rates are required to elicit an ECAP. Such measurements can then be submitted to ENI
models to provide further insights into underlying causes of poor performance.
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PD 20.7 The Utility of Stimulation-Current-Induced Non-Stimulating Electrode Voltage Recordings
in Detecting Extracochlear Electrodes
Amy Hammond-Kenny
Cambridge University
Background
Extracochlear electrodes are a recognized complication of cochlear implantation, which can compromise
implant performance and may in some cases require re-insertion of the electrodes. This study aims to
investigate whether intra-operative collection of Stimulation-Current-Induced Non-Stimulating Electrode
Voltage recordings (SCINSEVs), commonly referred to as ‘Transimpedance Measurements’ by Cochlear
Corporation and ‘Electric Field Imaging’ by Advanced Bionics can be utilized to detect extracochlear
electrodes at the time of cochlear implantation and during the post-operative period.
Methods
SCINSEVs are measurements of the voltage passively measured on non-stimulated electrodes, with reference
to the ground electrode, when other electrodes on the array are stimulated in turn. SCINSEVs differ from
routinely measured contact impedances given that the latter are recordings of the voltage at the same electrode
that is being stimulated. Whilst contact impedances may identify extracochlear electrodes surrounded by air,
there is little or no change when surrounded by fluid or soft tissue, which can be the case intra-operatively
when saline is surrounding these electrodes, or post-operatively when fibrotic tissue grows on the
extracochlear electrodes. SCINSEVs can be measured intra-operatively or in the outpatient setting using
testing and fitting or research software provided by CI companies.
Results
In this series, we show that SCINSEVs measured intra-operatively were able to detect partial electrode
insertion, thus facilitating full insertion as evidenced by repeat SCINSEVs, intra-operative photographs and
post-operative radiographs. For cases with extracochlear electrode placement, we show a correlation between
the number of extracochlear electrodes suggested by the SCINSEVs and post-operative radiographs. We also
provide clinical validation for an automated analysis tool for detection and quantification of extracochlear
electrodes.
Conclusions
SCINSEVs have previously been used to identify current shunts, predict loudness and detect tip fold-overs
(Berenstein et al. 2010; Vanpoucke et al. 2004; Zuniga et al. 2017). Our clinical evidence builds on the work
of a previous cadaveric study (de Rijk, Tam, Carlyon, & Bance, 2020) and shows that SCINSEVs can also be
utilized to detect extracochlear electrodes at the time of cochlear implantation and also during the postoperative period.
PD 20.8 Use of Functional Near-Infrared Spectroscopy for Improved Prognosis for Cochlear Implant
Candidates
Maureen Shader
Bionics Institute
Background
The large variability in speech understanding by adult cochlear implant (CI) users remains a significant
challenge despite technical advances. Recent brain imaging research suggests that changes in the cortex due
to auditory deprivation play a crucial role in CI outcomes. The purpose of this study was to determine the
relation of cortical processing of visual speech stimuli at the time of implantation to the speech understanding
outcomes after 12 months of cochlear implant use. Cortical processing was evaluated using functional nearinfrared spectroscopy (fNIRS).
Methods
Visual-evoked intra- and cross-modal activation of the auditory and the visual cortex were measured in 12
post-lingually deafened adult CIs users implanted with Nucleus devices. The visual speech stimulus consisted
of 14.5 sec video clips of a female speaker reciting multiple consonant-vowel-consonant (CNC) words.
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Participants were imaged before implantation and at 1, 3, and 12 months post-implantation. Speech perception
tests for CNC words in quiet and sentences in noise were carried out at the same timepoints.
Results
Results indicated that larger activation of the visual cortex by visual speech stimuli immediately post-implant
(1-month session) was correlated with improved speech understanding at 12 months post-implant. This finding
suggested that speech processing in the visual cortex may support the early improvement of auditory speech
understanding. There was no significant relationship between visual-evoked activation in the auditory cortex
to speech understanding outcomes at 12 months. This result suggested that this group of CI users did not show
significant cross-modal activation patterns that are predictive of speech understanding outcomes, potentially
due to their post-lingual onset of hearing loss.
Conclusions
In summary, results of this study suggest that fNIRS shows promise for improving prognosis immediately
following implantation.

10:00 a.m. - 12:00 p.m.
Podium 21: "Inhibition, Neuromodulation and Stimulus Encoding
in Brainstem and Midbrain"
Moderators: Dr. Heather Read and Dr. Daniel LLano
Category: Auditory Pathways: Brainstem and Midbrain
PD 21.1 NPY Signaling Shapes Inhibition in the Auditory Tectothalamic Pathway
Marina Silveira
University of Michigan
Background
Neural inhibition critically shapes auditory computations that impact nearly every aspect of hearing. In the
inferior colliculus (IC), inhibition shapes how neural circuits respond to auditory cues that are essential for
speech and vocalization processing. The IC is considered the hub of the central auditory pathway, and despite
the crucial role of inhibition in the IC, the cellular mechanisms underlying GABAergic inhibition remain
largely unknown. This gap in our understanding exists because it has been proven difficult to identify distinct
GABAergic neuron types in the IC. We recently overcame this problem by identifying Neuropeptide Y (NPY)
expression as a marker for a novel class of inhibitory principal neurons in the IC. In the NPY-hrGFP mouse
line, hrGFP selectively labels IC neurons that express NPY and are GABAergic. NPY neurons represent
approximately one third of IC GABAergic neurons and encompass nearly half of IC stellate neurons. NPY
neurons project locally and form a major part of the inhibitory projection to the ipsilateral MG. Moreover,
NPY produced by these neurons is a powerful neuromodulator known in other brain regions to work in concert
with GABA to shape neuronal activity.
Methods
To investigate the role of NPY in the IC, we used in vitro whole-cell patch clamp combined with
pharmacology.
Results
We found that application of [Leu31, Pro34]-NPY (LP-NPY) leads to hyperpolarization of glutamatergic
neurons that express NPY Y1 receptors (Y1R) in the IC. In other brain regions, NPY signaling has been shown
to dampen excitability by activating GIRK channels, inhibiting calcium currents or suppressing the
hyperpolarization-activated current mediated by HCN channels. To determine the signaling pathway that leads
to the hyperpolarization of Y1R neurons by NPY in the IC, we puffed 1 µM LP-NPY on Y1R neurons before
and after applying Ba2+ (100µM – 1mM), a K+ channel blocker. In the presence of Ba2+, the
hyperpolarization was blocked in some of the neurons tested, suggesting that activation of GIRK channels
plays a role in the inhibition caused by LP-NPY, but other mechanisms may take place as well. We next used
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50 µM ZD7288, an HCN channel antagonist. In the presence of ZD7288, LP-NPY no longer caused
hyperpolarization in most of cells tested. Together these data suggest that at least two mechanisms underlie
the hyperpolarizing effects of NPY in the IC. Because NPY neurons send long-range projections to the
auditory thalamus (MG), we next tested the effect of LP-NPY in the MG. Puff application of 1 µM LP-NPY
on Y1R expressing neurons in the MG caused hyperpolarization with similar kinetics as observed in the IC.
Conclusions
Thus, our data show that NPY IC neurons are likely an important regulator of neuronal excitability both locally
within the IC and in the thalamus via NPY tectothalamic projections.
PD 21.2 Categorical Perception and Auditory Midbrain Representations of Chimeric Sound Textures
Mina Sadeghi Najafabadi
University of Connecticut
Background
Categorical perception, the ability to group sounds or images into discrete perceptual categories, enables
humans and other animals to rapidly and robustly recognize and respond to stimuli. Categorical
representations have been observed for speech and other vocalized sounds along relatively simple time and
frequency dimensions. However, the high-order acoustic features and neural computations underlying
categorical representations for more general sound categories are not well understood.
Methods
We used a texture synthesis (McDermott & Simoncelli 2011) to synthesize ‘chimeric’ auditory textures.
Synthetic chimeric textures are generated by morphing summary statistics of running water and crackling fire
sounds. The statistics used in the morphing procedure include the power spectrum, marginal statistics,
modulation spectrum, and correlation structure.
Chimeric sounds were first used in human perception tasks were participants were either required to identify
a chimeric texture as fire or water or alternately required to discriminate two chimeric textures (two-alternative
forced choice task). For both tasks, the chimeric textures statistics were varied by adjusting the included
statistics during the synthesis and the morph ratio (MR) from 0 (water extreme) to 1 (fire extreme).
Parallel studies were also carried out to study the neural representation of chimeric textures in the inferior
colliculus (IC) of unanesthetized rabbits. Neural activity was obtained using multi-channel silicon probes
inserted along the principal frequency axis during passive listening of the chimeric textures. Neural population
response metrics using multi-unit activity were derived and neural decoders were used to assess neurometric
performance in the texture discrimination and recognition tasks.
Results
We demonstrate that shifting high-order summary statistics by changing the morph ratio of fire and water
produces a robust shift in human listener’s perception. Participants readily identified water and fire sounds in
a categorical-like fashion with increasing morph ratio where the sound correlation structure was the critical
statistical cue responsible for the categorical effect. Other cues, including the power and modulation spectrum,
do not produce a categorical-like percept. The categorical-like shift is accompanied by lower discrimination
accuracy and larger just noticeable difference limen (JND) for within category as compared to across category
discrimination.
We then demonstrate how the response statistics of neural ensembles in the IC of can be used to decode the
sound category. Neural decoders were used to assess how population response metrics (firing rates and
correlated activity between recording sites) can categorize or discriminate the chimeric textures. Shifting the
morph ratio produces a similar categorical-like shift in neural decoding performance and similar larger JNDs
and lower accuracy trends as for human participants.
Conclusions
The findings suggest that high-order statistical sound cues can drive categorical-like perception for sound
textures and that the neural response statistics of neural ensembles in IC can contribute towards such
phenomena (supported by NIDCD R01DC015138).
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PD 21.3 Effects of High-Order Statistics on Single Unit and Population Coding of Natural Sound
Textures in the Auditory Midbrain
Xiu Zhai
University of Connecticut
Background
Time-averaged summary statistics in sound textures, such as stream and a noisy restaurant, have been shown
to contribute to sound perception. Neural responses in the auditory midbrain can be modulated by summary
statistics, however, how neural codes (rates or timing) and response properties (e.g., firing rate, reliability,
precision, and correlation) systematically change with such summary statistics are not well understood.
Furthermore, which neural response attributes, both from single neuron and population activities, contribute
to texture recognition and discrimination remain largely unknown.
Methods
We recorded neural activity in the inferior colliculus (IC) of unanesthetized rabbits using a linear multichannel silicon probe during passive listening to natural sound textures and synthetic variants with perturbed
statistics. An analog representation of multi-unit activity (aMUA) and spike-sorted single-unit data were
evaluated from the neural recordings. Population response metrics and single neuron response properties were
then assessed for different summary statistic conditions. The results were compared to human psychoacoustic
tests using the same sounds.
Results
We demonstrated that the correlated firing of IC neuron ensembles was modulated by summary statistics and
such neural correlations converged to the responses of the original textures as statistics were added. However,
the neural spectrum was largely unaffected by adding high-order statistics to the synthetics variants and
consistently resembled the responses to the original sounds. Single-unit response properties also varied with
changing sound summary statistics. We found that the shuffled autocorrelograms of single neurons exhibited
a higher peak with added higher-order statistics, indicating enhanced temporal coding. Similarly, the reliability
of precise spike timing was substantially higher when higher-order statistics were included. Neuron’s firing
rate, however, was relatively constant, consistent with the neural spectrum trends obtained using MUA. The
neural correlations of the combined single-unit data, which were ordered by their best frequencies, showed
diverse structures across sounds and the correlated firing between neurons increased upon adding statistics to
the synthetic stimuli. Furthermore, we implemented a single-trial neural decoder to determine whether the
neural correlations and spectrum in IC could allow sound textures to be identified and discriminated. The
neural correlation-based classifier performance improved with increasing sound duration and added sound
statistics, with an evidence accumulation time scale of ~1 sec, resembling trends observed in human
psychoacoustics. By comparison, neural spectrum-based codes provided a substantially faster neural signal
which contributed much more towards the texture discrimination tasks, regardless of the sound statistics
included and analogous to human participants.
Conclusions
The findings suggest that certain single neuron and population responses of the auditory midbrain can be
modulated by the high-order statistical regularities in sounds. The diverse neural response statistics may have
dissociable roles and time scales for the recognition and discrimination of natural sounds. (supported by
NIDCD R01DC015138)
PD 21.4 Liraglutide, a Glucago N-Like Peptide-1 Receptor Agonist, Mitigates the Blast-Induced
Hearing Damage in Chinchillas
Shangyuan Jiang
University of Oklahoma
Background
Sensorineural hearing loss is one of the most prevalent types of blast-induced hearing damage among military
personnel. However, there is no effective treatment for blast-induced progressive hearing damage. This study
aims at investigating the therapeutic function of GLP-1 receptor agonist (Liraglutide) to mitigate the process
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of auditory damage after multiple exposures to blast in an animal model of chinchilla. The hearing function
changes after the blast exposure were recorded over the time course of 14 days, as well as the pathological
changes in the auditory cortex (AC) and inferior colliculus (IC), were examined by immunofluorescence
staining.
Methods
Five groups of chinchillas were included in this study: blast control (n=5), drug control (n=2), pre-blast drug
(n=5), post-blast drug (n=5), and sham (n=2). Animals in blast control and the pre- and post-drug treatment
groups were exposed to 6 blasts at a level of 3-5 psi (21-35 kPa) on Day 1. Animals were then observed for
14 days and the auditory brainstem response (ABR), distortion product otoacoustic emission (DPOAE), and
middle latency responses (MLRs) were measured on Days 1, 4, 7, and 14. The 7-day-long liraglutide treatment
on chinchillas started 2 days before Day 1 in the pre-blast drug group, while on Day 1 in the post-blast drug
group. The blast-control chinchillas only experienced blast exposures while the drug-control ones only
experienced liraglutide treatment. Upon the completion of the 14-day experiment, the brain tissues of all
chinchillas were collected for immunofluorescence studies.
Results
Changes of the ABR threshold after the blast exposure and liraglutide treatment indicated that the post-blast
hearing function was ameliorated by the drug. The results from the pre- and post-blast drug groups showed
differences. ABR waveform analysis, MLR measurements, together with the immunofluorescence results
indicated the therapeutic function of the drug treatment which could be caused by changes in the central
auditory processing.
Conclusions
A preliminary study on the therapeutic function of GLP-1R agonist (Liraglutide) for hearing restoration after
blast exposure suggests that the blast-induced hearing damage can be mitigated gradually through 7-day drug
treatment. The improvement of hearing function after blast was possibly related to the pathological changes
in the central auditory processing.
PD 21.5 The Untouchable VNTB: Protection in an Animal Model of Autism Spectrum Disorder
Yusra Mansour
Lake Erie College of Osteopathic Medicine
Background
Autism spectrum disorder (ASD) is a neurodevelopmental condition characterized by repetitive behaviors,
poor social skills, and difficulties with communication and hearing. The hearing deficits in ASD range from
deafness to extreme sensitivity to normal sounds. Previous research from our lab has shown drastic hypoplasia
in the superior olivary complex (SOC) in both human cases of ASD and in an animal model. However, in our
study of the human SOC, including 39 subjects with ASD, we failed to find any changes in the total number
of neurons in the ventral nucleus of the trapezoid body (VNTB) or any changes in cell body size or shape.
Similarly, in animals prenatally exposed to the antiepileptic valproic acid (VPA), we failed to find any changes
in the total number, size or shape of VNTB neurons. Based on these findings, we hypothesized that the
neurotransmitter profiles, ascending and descending axonal projections of the VNTB are also preserved in
these neurodevelopmental conditions.
Methods
In control and VPA-exposed animals we used a combination of immunohistochemistry and retrograde tract
tracing to study neurotransmitter profiles and axonal projections of VNTB neurons.
Results
In control animals, 5.5% of VNTB neurons were ChAT immunoreactive (IR) and in VPA-exposed animals
6.4% of VNTB neurons were ChAT IR. The VNTB sends ascending projections to both the central nucleus
of the inferior colliculus (CNIC) and medial geniculate (MG) and descending projections to the cochlea. We
investigated the integrity of these projections using stereotaxic injections of the retrograde tracer fluorogold
in the CNIC and MG. In control animals, 44% of VNTB neurons were retrogradely labelled from the ipsilateral
CNIC and 12% were labelled from the contralateral CNIC. Separate injections of FG revealed 14% of VNTB
neurons were retrogradely labelled from the ipsilateral MG.
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Conclusions
There were no differences in the proportion of VNTB neurons projecting to the CNIC or MG in VPA-exposed
animals despite drastic changes in these projections from other auditory brainstem centers. These findings
provide evidence that certain neuronal populations and circuits may be protected against the effects of
neurodevelopmental disorders.
PD 21.6 Characterization of the Frequency Representation of the Lateral Cortex of the Mouse
Inferior Colliculus Using in-Vivo Two Photon Imaging
Baher Ibrahim
University of Illinois at Urbana-Champaign
Background
Processing of auditory stimuli. The IC is a hub that permits widespread convergence of both bottom-up and
top-down projections involving auditory, somatosensory, visual, motor, and arousal-related brain regions. One
of the non-lemniscal divisions of the IC, the lateral cortex (LC), contains periodic modules of GABAergic
cells and terminals which stain strongly for a range of metabolic markers. Anatomically, the auditory inputs
from the auditory cortex or central nucleus of the IC interdigitate with these modules and instead form dense
projections to the matrix areas that surround them. In contrast, these modules receive direct inputs from the
somatosensory brain regions. Yet, there is no clear characterization about the tonotopic organization of the
lateral cortex of IC, and whether the GABAergic and non-GABAergic neurons share the same tonotopic
organization.
Methods
To identify the GABAergic cells, GAD67-GFP mouse, which enables the expression of GFP in GABAergic
cells was used. Red fluorescent calcium indicator was expressed in both GABAergic and non-GABAergic
cells after the injection of AAV1.syn.nes.jrgeco1a.wpre.sv40 virus into the lateral cortex of the left IC. In vivo
two-photon imaging was used to characterize the functional activity of the GABAergic and non-GABAergic
cells inside and outside the modules after a random presentation of 100 ms sounds of different amplitudes and
frequencies was delivered to the right ear.
Results
Based on their best frequencies, both GABAergic and non-GABAergic cells outside the modules showed a
tonotopic mapping of low to high frequencies (5-40 kHz) extending from rostromedial to caudolateral aspects
of the lateral IC. In contrast, GABAergic and non-GABAergic cells inside the modules did not share the same
tonotopy with the cells outside the module. Instead, they were responsive to the lower frequency only.
Conclusions
Only in the matrix do GABAergic and non-GABAergic cells share the same tonotopic organization, which
extends from low to high frequency along the rostromedial to caudolateral axis. Thus, these data, combined
with previous work in the central and dorsal nuclei, suggest that multiple tonotopic maps exist across the IC.
PD 21.7 Cholinergic Modulation Strongly Excites VIP Neurons in the Mouse Inferior Colliculus by
Activating Mecamylamine-Sensitive, non-α7 Nicotinic Acetylcholine Receptors
Luis Rivera-Perez
University of Michigan
Background
The inferior colliculus (IC), a hub for auditory processing, contains neurons that exhibit selective responses
to spectral and temporal characteristics of speech and other complex sounds. Previous research suggests that
acetylcholine (ACh), a neuromodulator associated with synaptic plasticity and attention, may alter auditory
processing by modulating the excitability of neurons in the IC. This hypothesis is supported by research
showing that IC neurons can express different combinations of nicotinic acetylcholine receptor (nAChR)
subunits. However, the cellular mechanisms of cholinergic modulation in the IC remain largely unknown. We
found that brief pulses of ACh drive prolonged periods of firing in Vasoactive Intestinal Polypeptide (VIP)
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neurons in the IC. We hypothesized that ACh modulates the intrinsic excitability of VIP neurons via nAChRs,
leading to increased synaptic release to downstream targets.
Methods
To address this, we are using brain slice electrophysiology and pharmacology to determine the mechanisms
that govern the modulatory effects of ACh on VIP neurons.
Results
Our results show that the prolonged firing of VIP neurons elicited by ACh is not sensitive to the muscarinic
antagonist atropine but instead depends mainly on activation of mecamylamine-sensitive, non-α7 nAChRs,
with α7 nAChRs making a minor contribution to this effect. Furthermore, voltage clamp recordings indicate
that application of ACh leads to prolonged opening of mecamylamine-sensitive nAChRs in VIP neurons.
Lastly, we delivered 1 second trains of lower concentration ACh pulses at 10 Hz, a frequency that mimics the
firing rate of cholinergic inputs to the IC during the awake state. We found that repeated pulses of ACh elicit
temporal summation in VIP neurons, converting subthreshold stimuli to spike-eliciting stimuli later in trains.
This suggests that temporal summation of nicotinic postsynaptic potentials in vivo might cause VIP neurons
to be strongly excited by cholinergic input during the awake state, even if the strength of individual cholinergic
inputs is relatively low. Furthermore, we have performed immunohistochemistry showing that individual VIP
neurons appear to receive input from several cholinergic terminals, supporting the hypothesis of temporal
summation of nicotinic postsynaptic potentials in VIP neurons. In current experiments, we are testing
additional nAChR antagonists to more precisely determine the combination of nAChR subunits involved in
the prolonged firing in VIP neurons. In future experiments, we will determine how cholinergic modulation of
VIP neurons affects synaptic release onto postsynaptic targets in the auditory thalamus.
Conclusions
Our results will provide a better understanding of how cholinergic modulation shapes auditory processing and
in the future may provide mechanisms that can be used for establishing cholinergic signaling as a tool to
promote adaptive plasticity in people with hearing loss.
PD 21.8 Auditory Brainstem Models: Adapting Cochlear Nuclei Improve Spatial Encoding by the
MSO in Reverberation
Andrew Brughera
Boston University
Background
Listeners perceive sound-energy as originating from the direction of its source, even as direct sound is
followed milliseconds later by reflected sound from multiple different directions. Consistent with the strong
contribution of onset ITD cues in perceived sound lateralisation, previously described as ‘onset dominance’
and ‘binaural adaptation’, early-arriving sound is emphasised in the ascending auditory pathway, including
the medial superior olive (MSO) where binaural neurons encode the interaural time difference (ITD) cue for
spatial location. Behaviourally, weighting of ITD conveyed during rising sound-energy is stronger at 600 Hz
than at 200 Hz, consistent with the minimum stimulus rate for binaural adaptation, and with the longer
reverberation times at 600 Hz compared with 200 Hz in many natural outdoor environments.
Methods
Here we computationally explore the combined effectiveness of adaptation before ITD-encoding, and
excitatory binaural coincidence detection within MSO neurons, in emphasising ITD conveyed in earlyarriving sound.
Results
With excitatory inputs from adapting nonlinear model spherical bushy cells (SBCs) of the bilateral cochlear
nuclei, a nonlinear model MSO neuron reproduces the frequency-dependent emphasis of rising vs. peak
sound-energy in ITD-encoding. Maintaining the adaptation in model SBCs, and adjusting membrane speed in
model MSO neurons, ‘left’ and ‘right’ populations of simplified, linear model SBCs and MSO neurons also
reproduce the stronger weighting of ITD conveyed during rising sound-energy at 600 Hz compared to 200 Hz.
This hemispheric population model further demonstrates a link between strong weighting of spatial
information during rising sound-energy, and correct unambiguous lateralisation of reverberant speech.
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Conclusions
Our models suggest that adaptive brainstem mechanisms contribute to sound-source localisation, emphasising
early arriving sound relatively high in direct sound, thus conveying reliable spatial information during neural
encoding, by suppressing responses to late-arriving sound relatively high in reverberation. The frequencydependent emphasis of auditory spatial information conveyed in early-arriving sound is consistent with brain
mechanisms that transmit reliable information and suppress unreliable information. As the auditory brainstem
encodes ITDs for determining sound-source locations, its suppression of late-arriving spatial information
promotes accuracy and accounts for typical frequency-profiles of reverberant energy in natural outdoor scenes.

12:30 p.m. - 2:30 p.m.
Symposium 22
SYMP 22. Hear Here! The Importance of Spatial Hearing Across the Lifespan
Chair: Karen Gordon
The Hospital for Sick Children
Co-Chair: Andrej Kral
Medical University Hannover
SYMP 22.1 Cross Modal Reorganization Allows Visual System to Take Over Spatial Processing in
Congenital Deafness: Behavioural Effects and Underlying Changes to Efferent Pathways
Steve Lomber
McGill University
Hearing loss during development instigates the visual system to utilize regions of auditory cortex that are
normally responsible for spatial hearing to contribute to amplified visual spatial functions. This visual system
take-over of auditory cortex is facilitated by underlying anatomical changes in the inputs and outputs to
auditory cortex as well as changes to the structure of neurons within auditory cortex.
SYMP 22.2 Interaural Cue Processing in Bilateral and Single-Sided Congenitally Deaf Cats
Andrej Kral
Medical University Hannover
Unilateral congenital deafness leads to developmental structural and functional reorganization of the auditory
pathways resulting in overall hearing ear preference (Kral et al., 2013, Brain). Here, we cortical sensitivity to
binaural cues in adult congenitally bi- and unilaterally deaf cats and compared them hearing controls. With
binaural cochlear implants we observed reduced sensitivity to intraural time differences in binaurally and
unilaterally deaf cats. I unilaterally deaf cats, the time difference sensitivity was reduced, and the level
difference sensitivity switched to the hearing ear. Following unilateral congenital deafness, abnormal and
incongruent binaural spatial cues were thus observed at the cortical level.
SYMP 22.3 Abnormal Spatial Perception in Children With Deafness in One or Both
Karen Gordon
The Hospital for Sick Children
Spatial hearing provides our only sense of the world in all directions around us but is limited or absent in
children who are deaf and use bilateral cochlear implants and in children with single sided deafness. These
children are also at high risk of concurrent vestibular/balance deficits so they may not receive important input
about where they are in space. We recently found that both groups have impaired visuo-spatial memory and
that these deficits are predictive of reading and mathematics as well as language. Spatial navigation can also
be affected, suggesting important developmental consequences of hearing loss that remain untreated.
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SYMP 22.4 Effects of Sensory Experience on the Weighting of Auditory Spatial Cues in the Brain
Andrew King
University of Oxford
The auditory system can adjust throughout life to changes in the balance of inputs between the ears and
maintain accurate sound localization despite the presence of a substantial hearing loss in one ear. This can be
achieved through adaptive shifts in neuronal sensitivity to the altered binaural cues or by reweighting different
spatial cues. Even under normal hearing conditions, the relative weighting of the cues can be changed by
training in ways that depend on their reliability as well as the availability of visual spatial information, further
illustrating the highly flexible fashion in which they are integrated in the brain.
SYMP 22.5 Brain Networks for Spatial Attention in Audition
Abigail Noyce
Boston University
Spatial auditory perception is important for communication in everyday settings. Listeners are substantially
better at perceiving a target when it is spatially separated from any masker and attending to a sound source
from a particular direction feels natural and robust. Despite these compelling results, neuroimaging (including
EEG, fMRI, and MEG) finds that spatially selective auditory attention recruits a network of brain areas
traditionally thought to support visual attention, including regions in the intraparietal sulcus and in
caudolateral frontal cortex. Spatial auditory attention appears to co-opt visual-spatial brain networks when
necessary for communication in noisy settings.
SYMP 22.6 Effects of Hearing Loss on Auditory Motion Perception in Adults
Michaela Warnecke
University of Wisconsin - Madison
Motion perception is critical for navigating everyday auditory environments, and previous research
investigated the limits of sound motion detection. However, these studies have almost exclusively focused on
normal-hearing listeners. Very little is known about the sensitivity of listeners with hearing loss to moving
sounds. We are investigating the functional importance of auditory motion perception in listeners with
impaired or normal hearing, by presenting listeners with stimuli that vary in their degree of speech
intelligibility and sound motion. This research explores mechanisms that enable and facilitate auditory motion
perception in both the healthy and impaired auditory system.

12:30 p.m. - 2:30 p.m.
Symposium 23
SYMP 23. Role of Immune Cells in the Auditory System Development, Pathology and Regeneration
Chair: Tejbeer Kaur
Creighton University
Co-Chair: Vikrant Rai
Western University of Health Sciences
SYMP 23.1 Microglial Neuroprotection in Experimental Seizures
Ukpong Eyo
University of Virginia
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Seizures affect 65-70 million individuals worldwide. Prolonged seizures or status epilepticus (SE) are of
special concern in the clinic. Compelling recent research suggest contributions to SE from inflammation,
broadly characterized. However, current research has thus far failed to delineate cell-specific contributions to
inflammation in the context of SE. In this talk, Dr. Eyo will present evidence for specific beneficial
contributions by microglia in both chemoconvulsive and febrile seizure models. Furthermore, neuroprotective
physical interactions between microglia and neurons will be discussed. These results provide a framework for
targeting microglia as a novel approach to ameliorate SE.
SYMP 23.2 Csf1 Signaling Plays Essential Roles in the Development of Resident Macrophage in the
Mouse Cochlea
Takayuki Okano
Kyoto University
Resident macrophages are distributed in all tissues throughout the body and play central roles in both tissue
homeostasis and inflammation, completing tissue-specific functions and protecting the tissues from infection.
To elucidate the early spatial and temporal development of cochlear resident macrophages, we took advantage
of Csf1r-null mice. Our results demonstrated that two subtypes of resident macrophages are present in the
embryonic cochlea, one being Csf1r-dependent macrophages that originate from the yolk sac and the other
being Csf1r-independent macrophages that migrate from the fetal liver. These data unveiled the ontogeny of
resident macrophages in the developing mouse cochlea.
SYMP 23.3 Roles of Microglia in Auditory Brainstem Development
Giedre Milinkeviciute
University of California, Irvine
Microglia gradually emerge and populate the auditory brainstem nuclei early postnatally, coinciding with an
intensive period of synaptic development and refinement before hearing onset. We used several methods to
eliminate microglia or perturb their function during this early development and through adulthood. We have
characterized the various influences of microglia on development of specialized central auditory synapses and
on the maturation of glial cells. We have further demonstrated the effect that alterations in microglia have on
the overall auditory function of the auditory brainstem. Our findings highlight the significance of microglia in
the formation and function of auditory neuronal circuits.
SYMP 23.4 Heterogeneous Mix of Adaptive and Innate Immune Cells in the Noise-Damaged Cochlea
Megan Wood
Johns Hopkins University School of Medicine
Immune cells, mainly the resident macrophages, are present in the adult cochlea. To elucidate the immune
response to noise damage, we used flow cytometry and immunostaining and found heterogeneity of the
immune cells with the increased number of both innate and adaptive immune cells (B, T, and NK cells,
macrophages and neutrophils) in response to the noise damage. Positive gene expression of these immune
cells in the previously existing single-cell RNA-sequencing (scRNAseq) data confirmed our findings and
highlights the need to further understand the role of these immune cells in damaged cochlea.
SYMP 23.5 Macrophages Facilitate Repair of Damaged Ribbon Synapses After Acoustic Trauma
Tejbeer Kaur
Creighton University
Noise trauma results in recruitment of macrophages into the inner hair cell-synaptic region and spiral ganglion.
Our data indicate that such macrophage migration is dependent on glutamate-induced excitotoxicity and that
both the presence of macrophages and intact fractalkine signaling between macrophages and cells of cochlea
are necessary for spontaneous repair of damaged synapses and survival of auditory neurons following noise
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trauma. These findings point to a critical and beneficial role for the innate immune cells in cochlear pathology
and provide a framework for targeting macrophages or fractalkine signaling as a novel approach to repair
synapses and ameliorate hidden-hearing loss.

SYMP 23.6 Age-Related Changes of Macrophages in the Human Cochlea
Kenyaria Noble
Medical University of South Carolina
The progression of age-related neurodegenerative diseases has been associated with aberrant activity of
resident or infiltrating immune cells, such as microglia/macrophages. However, our knowledge of how
macrophage populations and their functionally driven morphology change with age in humans is limited.
Macrophages in the cochlear lateral wall and auditory nerve were found to be morphologically distinct
suggesting region-dependent functions in the cochlea. Furthermore, macrophage number and morphological
alterations consistent with activation increased with age in the auditory nerve. These changes along with our
observations of increased macrophage interaction with neurons and glial cells with age in the auditory nerve
will be discussed.
SYMP 23.7 Determining the Role of the Immune Response in Adult Zebrafish Hair Cell Regeneration
at Single-Cell Resolution
Erin Jimenez
National Institutes of Health
Hearing regeneration is a multifaceted process regulated by a variety of responses including one by the
immune system. We performed an in-depth investigation to elucidate the role of immunity in repairing the
inner ear. We investigated the epigenome (scATAC-seq) and transcriptome (scRNA-seq) at single-cell
resolution from the inner ear at consecutive time-points following hair cell ablation in adult zebrafish.
Correlation of RNA expression and chromatin accessibility revealed unique transcriptomic and epigenomic
patterns that occur during hair cell regeneration. We can detect clear responses from the immune system during
hair cell regeneration that represent new avenues of potential research.

12:30 p.m. - 2:30 p.m.
Symposium 24
SYMP 24. Putting the Pieces Together: The Hair Cell Transduction Complex
Chair: Jeffrey Holt
Harvard Medical School/Boston Children's Hospital
Co-Chair: Teresa Nicolson, Stanford University
SYMP 24.1 Introduction to the Symposium and the Molecules of Hair Cell Transduction
Jeffrey Holt
Harvard Medical School/Boston Children's Hospital
Models for hair cell mechanosensory transduction have evolved over the past 40 years. Based on biophysical
descriptions, models of hair cell mechanosensitivity include ion channels, gating springs, membranes and
motors have been hypothesized, tweaked, rearranged and dismissed. In more recent times, the molecular
identity of many of these biophysically defined elements have been illuminate and some clarity has begun to
emerge. Here I will summarize the history of research on hair cell transduction and introduce a cast of six
speakers who will share new insights into how the molecular ensemble of biology’s most elusive sensory
transduction complex function together in harmony.
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SYMP 24.2 Tip-Link Stiffness and Tension Gradients in the Cochlea
Melanie Tobin
Perelman School of Medicine University of Pennsylvania
Sound analysis by the cochlea relies on frequency tuning of mechanosensory hair cells along a tonotopic axis.
Here, we investigate the micromechanical contribution of the hair cell’s mechanoreceptive hair bundle in the
rat cochlea. We find that tonotopy is associated with gradients of stiffness and resting tension, both at the level
of the whole hair-bundle and of a single tip link, with steeper gradients for outer than for inner hair cells.
Moreover, tension in the tip links increases at reduced Ca2+. We conclude that mechanical gradients of the
tip-link complex may help specify the characteristic frequency of the hair cell.
SYMP 24.3 Insights Into the Three-Dimensional Architecture and Composition of the
Mechanoelectrical Transduction (MET) Complex
James
HHMI/OHSU

Gouaux,

Protocadherin 15 (PCDH15) and cadherin 23 'tip links' connect neighboring stereocilia of hair cell bundles.
PCDH15 also interacts with LHFPL5, a candidate subunit of the MET channel. Here we show how the
PCDH15-LHFPL5 complex is composed of 2-fold symmetric PCDH15 and LHFPL5 subunit pairs. The
extracellular cadherin domains define a mobile tether coupled to a membrane-proximal 'collar' and LHFPL5
forms extensive interactions with the PCDH15 transmembrane helices, stabilizing the assembly. Our studies
illuminate the architecture of the PCDH15-LHFPL5 complex, localize mutations associated with deafness,
and shed light on the transduction of forces from ‘tip links’ into the stereocilia membrane.
SYMP 24.4 Structural Insights of TMC1 and TMC2
Angela Ballesteros
NINDS
Increasing evidence supports the transmembrane-like channel 1 and 2 (TMC1 and TMC2) as essential
components of the mechanotransduction (MET) complex of the inner ear sensory hair cells. Based on the
evolutionary relationship between the TMC, the TMEM16 and the TMEM63/OSCA protein families, we
generated structural models of TMC1 and TMC2. The models revealed the presence of a large cavity near
the protein-lipid interface that could function as the permeation pathway of the MET channel, supporting the
role of TMC1 and TMC2 as MET channels.
SYMP 24.5 Evidence Supports TMC1/2 as Hair Cell Transduction Channels: The Purified TMC1/2
Proteins Function in Reduced Liposome Systems
Zhiqiang Yan
Fudan University
The electrophysiological recording of TMC1/2 to test whether they are ion channels were not achieved, mainly
because of the poor expression of TMC proteins in the cell surface of culture cells. To overcome this technical
challenge, we screened 21 vertebrate TMC1/2 proteins, and found TMC1 from the green sea turtle (CmTMC1)
and TMC2 from the budgerigar (MuTMC2) showed high level of expression. We showed that liposome
reconstituted CmTMC1 and MuTMC2 proteins are indeed ion channel activity and mechanosensitive. Further,
deafness related CmTMC1 mutants exhibit reduced or no ion channel activity. There results suggest TMC1/2
are the vertebrate hearing transduction channels.
SYMP 24.6 Assembly of Mechanotransduction Complexes in Zebrafish Hair Cells
Teresa Nicolson
Stanford University
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The senses of hearing and balance evolved early in vertebrates and components that are critical for
mechanotransduction in sensory hair cells are conserved from fish to humans. Via forward genetic screens in
zebrafish larvae, we have identified mutations in key components of the mechanotransduction complex and
have systematically examined the interdependence of these proteins with respect to localization to the hair
bundle. We propose that there are two partially assembled complexes in hair cells, Tmie with the Tmc1/2
proteins, and a second complex of Pcdh15a and Lhfpl5a, that are independently trafficked and subsequently
interact at the site of mechanotransduction.
SYMP 24.7 CIB Protein Interactome and Their Role in Hair Cell Transduction
Zubair Ahmed
University of Maryland School of Medicine
CIB2 interacts with TMC1/2, pore-forming subunits of the MET channel, and loss of CIB2 abolishes MET
currents. Of six CIB2 deafness variants, three of them disrupt interactions between CIB2 and TMC1, while
the other three do not (Giese et al., 2017). We reasoned that analysis of CIB2 variants that do not abolish
interaction with TMC1 yet cause profound hearing loss, may illuminate the function of CIB2 and perhaps
reveal auxiliary subunits of the MET complex. We will present recent findings on the properties of MET
channels in CIB2 p.Arg186Trp mice, along with the CIB protein interactome in hair cell stereocilia.

3:00 p.m. - 5:00 p.m.
Podium 25: "Inner Ear Therapeutics"
Moderators: Dr. Zubair Ahmed and Dr. Jing Zheng
Category: Inner Ear: Anatomy & Physiology, Drug Delivery and Membranes & Fluids
PD 25.1 AAV-S, a Novel Capsid Variant, Transduces Mouse and Primate Hair Cells With High
Efficiency and Rescues Hearing in a Mouse Model of Usher 3A
Maryna Ivanchenko
Harvard Medical School
Background
New AAV vectors, selected from random capsid libraries to target specific cell types, have shown high
efficiency both for the selection cell types and for others. We previously reported a method to select AAV9
variants capable of transducing the brain after intravenous delivery. One of these (AAV-F) proved highly
successful. Another (AAV-S) failed to penetrate the blood-brain barrier but showed high transduction when
directly injected into the brain and showed high transduction in peripheral organs. We hypothesized that the
AAV-S capsid peptide might mediate effective transduction of the inner ear.
Methods
To test the ability of the vector to target inner ear cell types, we produced AAV-S encoding a single-stranded
expression cassette driving eGFP under the CBA promoter and a WPRE. C57/BL6 mice were injected at P1
with 2x1010 VG through the round window membrane. Mice were euthanized at P6, and cochleas were
dissected and imaged.
To assess the ability of AAV-S to rescue a mouse model of Usher 3A, a second AAV-S vector carried the
mouse Clrn1 gene under a CBA promoter, flanked by the 5’ and 3’ UTRs. We used an Usher 3A model that
transiently expresses Clrn1 under the Atoh1 promoter (TgAC1/Clrn1-KO; Geng et al., 2017). Scanning
electron microscopy, ABR and DPOAE tests were performed at P35, P60, P90, P120, and P150.
To assess the potential of AAV-S for gene therapy in humans, we evaluated AAV-S encoding eGFP in the
cynomolgus monkey inner ear, after RWM injection via the transmastoid route. Three animals were
administrated with doses of 0.8x1011 VG (n=1 cochlea), 4.7x1011 VG (n=2), 5.8x1011 VG (n=1), and PBS
control (n=1). An ABR test was performed before and three weeks after AAV-S-eGFP injection.
Results
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AAV-S eGFP in mouse cochleas resulted in viral transduction at P6 of ~100% of IHCs and ~80% of OHCs.
Supporting cells, fibrocytes, spiral limbus and spiral ganglion neurons of the inner ear were robustly
transduced.
In the Usher 3A model, ABR data confirmed that untreated TgAC1/Clrn1-KO mice had progressive hearing
loss from P35. Mice treated with AAV-S carrying the Clrn1 coding sequence demonstrated ABR and DPOAE
rescue to wild-type thresholds at low and middle frequencies, which remained stable until at least P150.
In juvenile cynomolgus monkeys, AAV-S encoding eGFP at the higher doses (4.7x1011 and 5.8x1011 VG)
showed extremely high levels of eGFP expression in hair cells, supporting cells, spiral limbus and fibrocytes
of the inner ear. At the lower dose (0.8x1011 VG), there was a reduction in viral transduction.
Conclusions
AAV-S efficiently transduces hair cells and other clinically relevant cell types in mice and in cynomolgus
monkeys. Together, these data suggest that AAV-S is a promising vector candidate for gene therapy for
hereditary hearing loss.

PD 25.2 Development of an AAV-Based Gene Therapy for Children With Congenital Hearing Loss
Due to Otoferlin Deficiency (DB-OTO)
Adam Palermo
Decibel Therapeutics
Background
Otoferlin deficiency secondary to biallelic mutations of the OTOF gene causes permanent congenital severeto-profound deafness. Otoferlin is expressed in the primary sensory receptors of the ear (the inner hair cells)
and enables synaptic transmission between the inner hair cells and the dendrites of the auditory nerve by
functioning as a calcium sensor for exocytosis during synaptic vesicle release, vesicle trafficking, and
replenishment. Of the 1 in 500 neonates who are born with hearing loss annually in the US, 50 to 200 are
caused by Otoferlin deficiency. There are no approved therapies for Otoferlin deficiency; infants with biallelic
OTOF mutations are currently managed with assistive devices.
Methods
We have developed an Adeno-Associated Virus (AAV)-based gene transfer therapy for rescue of hearing in
an Otoferlin deficiency model that mimics a common human OTOF mutation (OTOFQ828X/Q828X).
Because human OTOF cDNA exceeds the packaging capacity of a standard AAV, we used a dual AAV system
to locally deliver Otoferlin to the inner ears of OTOFQ828X/Q828X mice. Key considerations for vector
development included the human OTOF isoform that should be expressed, the promoter sequence that
determines in which cells the human OTOF will and will not be expressed, the recombinogenic region that
enables the dual AAV system, and the capsid in which these elements are packaged for efficient delivery into
the target cells.
Results
Using a local dual AAV delivery of hOTOF, pharmacological modulation of Otoferlin expression and durable
functional rescue as measured by the Auditory Brainstem Response were demonstrated in the
OTOFQ828X/Q828X mice with dosing in mature ears. Safety of efficacious dosing with dual AAV delivery
of hOTOF under the control of a hair cell-specific promoter was demonstrated in OTOFQ828X/Q828X,
OTOFQ828X/wt, and OTOFwt/wt mice. Comparison vectors that did not include an engineered promoter to
restrict transgene expression to target cells resulted in dose-limiting toxicity, a finding consistent with recent
observations for retinal gene therapies and a critical consideration for translation to the clinic. Thus, we
selected a synthetic cell-specific promoter to bring forward for therapeutic development.
In order to advance DB-OTO (dual AAV Delivery of human OTOF with a cell-specific promoter) to the clinic
for children with severe-profound SNHL due to biallelic OTOF mutations, we developed a surgical delivery
approach that could be translated into routine otolaryngological practice. This approach involves slow AAV
infusion through the RW membrane alongside vestibular fenestration for egress of displaced perilymph by the
investigational product. Exploratory studies in non-human primate and human temporal bones suggest the
feasibility of this approach for clinical translation.
pg. 31

The Association for Research in Otolaryngology (ARO)
The 44th Annual MidWinter Meeting
Tuesday, February 23, 2021, U.S. Eastern Time Zone

Conclusions
DB-OTO is a promising emerging therapeutic for genetic hearing loss, and and has the potential to provide
the first clinical proof-of-concept for gene therapy in the inner ear.
PD 25.3 Mechanisms of Promoter-Driven AAV Toxicity in the Ear
Adam Palermo
Decibel Therapeutics
Background
Adeno-associated virus (AAV) is a promising approach to the treatment of a variety of inner ear disorders.
These gene delivery vectors, with which there is deep clinical experience in other tissues, are being developed
both for the correction of inner ear genetic disease and for regenerative therapy of common conditions where
hair cells are lost. Several products are on their way to the clinic across these areas.
An AAV gene therapeutic usually consists of a capsid, a coding sequence, and one or more regulatory elements
that may impact when and where the transgene is expressed. We have previously shown that the choice of
synthetic promoter can have a substantial impact on the therapeutic efficacy or durability of a gene therapy
for genetic disease. First, in the context of Tmc1-mutant mice treated with AAV vectors expressing functional
Tmc1, we demonstrated an improvement in ABR threshold recovery when a non-cell-specific CMV promoter
was replaced with a hair-cell specific promoter derived from the Myo15 gene. Second, in the context of Otofmutant mice, we showed that threshold recovery was not durable when a functional copy of Otof was delivered
driven by a non-cell-specific smCBA promoter but was durable when driven by the Myo15 promoter. In both
of these contexts, loss of inner hair cells was observed with ubiquitous promoters that was not observed with
the Myo15 promoter.
Methods
In the current study, AAV-Myo15-hOTOF and AAV-smCBA-hOTOF were administered to the inner ear of
mice and gene expression profiling of the cochlea was performed one month later.
Results
Consistent with previous results, animals treated with the smCBA-containing vector had impaired long-term
hearing relative to those treated with the Myo15-containing vector. Several hypotheses may explain the
apparent benefit of using the Myo15 promoter here. First, Myo15 may express at a lower level than smCBA
even in the target hair cells, thus reducing the risk of overexpression-driven toxicity. Second, off-target
expression may cause toxicity by some mechanism which is avoided with a cell-specific promoter. We
performed RNA sequencing on cochleae from animals in this study in order to disentangle these two potential
mechanisms of toxicity and loss of durability. High quality expression data was obtained, with marked
differences between the two treatment groups.
Conclusions
We report the results of these analyses here, including examination of the cell pathway and immune system
involvement in the differential response.
PD 25.4 Safely Delivering Adeno-Associated Viral Vectors to the Ear for Therapeutics
Peter Weber
Decibel Therapeutics
Background
Local delivery of Adeno-Associated Virus (AAV) vectors has been used to transfer cDNA to cell types of
interest in clinical studies for decades. Studies have consistently reported few vector-related adverse events,
demonstrating the safety of locally delivered AAV. Recent clinical studies have transformational outcomes
with AAV-based therapeutics in patients with genetically defined disease. These advances in medicine have
been driven by innovation in surgical approaches to safely deliver AAV to target tissues and vector
engineering to minimize toxicities associated with AAV delivery.
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Methods
Safe surgical delivery and vector design will be important for translation of promising preclinical programs to
human studies in the field of otolaryngology over the next five years. The Novartis CGF166 program
(adenovirus rather than adeno-associated virus) explored safety impacts of volume escalation during intracochlear delivery through the oval window into a “closed-system.” To avoid potential impacts of
intermembranous pressure changes that can result from displacement of cochlear fluid with an intracochlear
delivery of an investigational product, the concept of creating an open system through a fenestration site has
been explored in rodent and non-human primate models. As a corner case, we have studied safety associated
with deliveries that exceed the entire perilymph volume of the inner ear when the inner ear system was opened
through fenestration of the lateral semicircular canal and infusion was performed through the round window
membrane.
Results
With this open-system approach, we observed good safety as measured by the auditory brainstem response in
the vocalization frequencies of the cynomolgus monkey and histopathology of cochlear tissues. Exploratory
pathology of the middle ear space was typical for post-operative changes.
We also delivered AAV to the ears of naïve cynomolgus monkeys to assess distribution and cochlear coverage
with this delivery approach. First, we sampled fluid from the egress site in the lateral semicircular canal to
confirm vector distribution throughout the ear during infusions and found that vector was consistently
measurable when infusion volume exceeded ~75% of the entire perilymphatic space, indicating good
distribution throughout the compartment. Next, we used immunohistochemistry to assess expression of the
delivered transgene in the hair cells from base to apex. We found consistent, high expression across the
cochlear length with this delivery approach, indicating that this method is suitable to drive AAV transduction
throughout cochlear frequencies of interest for therapeutics. Finally, we evaluated the biodistribution of the
AAV outside of the ear with local delivery in rodents and non-human primates. These studies suggest that
biodistribution outside of the ear is limited, but observable, reinforcing the importance of regulating transgene
expression to avoid safety signals in other organs during clinical studies.
Conclusions
Together these studies support the potential for safe local delivery of therapeutic AAV vectors to the inner
ear.
PD 25.5 Non-Invasive Delivery to the Inner Ear: Investigating Blood-Labyrinth Barrier Opening
Using MRI-Guided Focused Ultrasound Combined With Microbubbles
Neha Chauhan
University of Toronto
Background
Sensorineural hearing loss is one of the most common sensory impairments in humans, accounting for
approximately 90% of hearing loss cases, in which over half result from an underlying genetic etiology. While
current treatment relies on hearing aids or cochlear implants; these devices do not address the underlying cause
of hearing loss, or restore normal hearing, and cochlear implants require surgery. Further, there are no drugbased therapies that have been approved by the Food and Drug Administration. Recently, gene therapy using
adeno-associated viral (AAV) vectors has been widely used in pre-clinical animal research to ameliorate
hearing loss. AAV-based treatment holds the potential to be translated to the clinic; however, non-invasive
delivery to the inner ear remains challenging due to the anatomical complexity and location within the dense
temporal bone. Furthermore, the blood-labyrinth barrier (BLB) prevents most systemically administered
therapeutics from entering the inner ear. Here, we have investigated the safety and feasibility of magnetic
resonance imaging-guided focused ultrasound (MRIgFUS) combined with intravenously administered
microbubbles to transiently manipulate the BLB to aid in delivery of AAV vectors expressing the green
fluorescent protein (GFP) reporter to the inner ear.
Methods
We used Long Evans rats in this study and measured auditory brainstem response (ABR) and distortion
product otoacoustic emissions (DPOAE) pre- and post-treatment to evaluate the safety of this approach on
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auditory function. We delivered microbubbles, a gadolinium contrast agent, and AAV serotype 9 expressing
GFP at four dosages: 4.0 x 108, 2.0 x 109, 7.0 x 109, 1.0 x 1010 viral genomes per gram (VG/g) intravenously
with simultaneous ultrasound exposure. We targeted three locations within the inner ear unilaterally in each
animal using a spherically focused transducer. We used the combination of MRI as an imaging modality with
gadolinium-based contrast agents as an early indicator of blood-barrier permeability enhancement.
Results
Our data indicates 38% enhancement in gadolinium contrast in the treated inner ear relative to controls postFUS+MB exposure, signifying BLB permeability enhancement in the targeted region. At the experimental
endpoint, we assayed for GFP expression in the inner ear to confirm AAV penetration into the FUS-targeted
regions. GFP expression was evident in the targeted inner ear six weeks post-treatment with no significant
effects on auditory and DPOAE thresholds in the treated inner ears relative to the contralateral control ears.
Conclusions
Our results indicate that MRIgFUS can efficiently enhance BLB permeability and can mediate delivery of
therapeutics to the inner ear with no effects on auditory function. Thus, MRIgFUS could be utilized to deliver
genes for cellular regeneration, or gene correction through base editing to correct genetic defects among other
biological therapies. Taken together, our data support the feasibility of MRIgFUS towards clinical
development for non-invasive delivery of various therapeutics to treat inner ear disorders.
PD 25.6 Additively Manufactured, Crown-Shaped Metallic Needles Create Precise Round Window
Membrane Perforation
Aykut Aksit
Columbia University
Background
The round window membrane (RWM) is the most common portal for the introduction of cochlear implant
electrodes. However, current tools used to create an opening in the RWM are imprecise, resulting in tearing
of the tissue. Two-photon templated electrodeposition (2PTE) is an additive manufacturing technique that
allows for the creation of highly complicated metallic microstructures. The purpose of this study is to
demonstrate the use of 2PTE in fabricating microscale crown-shaped needles that facilitate precise opening of
the RWM.
Methods
Metallic ‘crown’ shaped needles were created by first using two-photon polymerization lithography to create
a mold, followed by electrochemical deposition of copper into the mold. Fresh, frozen human temporal bones
were dissected to expose and isolate the RWM. Perforations were performed with a micromanipulator force
transducer setup that allows force measurements to be made simultaneously. Microneedles were imaged using
scanning electron microscopy.
Results
Crown-shaped needles were produced with tip radii of curvature of 1.2 µm. Needles inserted with a maximum
force of 190 mN, and perforations introduced into the RWM were circular in shape. The needles did not sustain
any structural damage after perforation, as determined by examination using scanning electron microscopy.
Conclusions
Crown-shaped needles fabricated using 2PTE were effective in creating precise perforation of RWM without
membrane tearing. By pushing the boundaries of precision additive manufacturing of metallic microneedles,
we hope to create many tools to address problems in cochlear implantation, inner ear delivery, and diagnostics.
PD 25.7 VGF Nerve Growth Factor Inducible (VGF) is Upregulated in Guinea Pig Perilymph After
Dexamethasone Administration
Betsy Szeto
Columbia University Vagelos College of Physicians and Surgeons

pg. 34

The Association for Research in Otolaryngology (ARO)
The 44th Annual MidWinter Meeting
Tuesday, February 23, 2021, U.S. Eastern Time Zone

Background
Glucocorticoids are the first line treatment for sensorineural hearing loss (SNHL), but little is known about
the mechanism of its protective effect. The recent development of hollow microneedles that permit safe and
reliable perilymph aspiration enables sampling of perilymph for proteomic analysis. The purpose of this study
is to determine the effects of intratympanic (IT) and intraperitoneal (IP) dexamethasone administration on
protein expression in guinea pig perilymph.
Methods
Guinea pigs were treated with IT dexamethasone (n=6), IP dexamethasone (n=8), or untreated for control
(n=8) six hours prior to aspiration. The guinea pig RWM was accessed via a postauricular surgical approach,
and 3D-printed hollow microneedles were used to perforate the RWM and aspirate 1 µL of perilymph.
Perilymph samples were analyzed by liquid chromatography-mass spectrometry-based quantitative
proteomics and treatment groups were compared to control. Hearing was assessed before and after aspiration
using compound action potential (CAP) and distortion product otoacoustic emissions (DPOAE). RWMs were
harvested 72 h after aspiration and evaluated for healing using confocal microscopy.
Results
There was no permanent damage to hearing at 72 h after perforation as assessed by CAP (n=22) and DPOAE
(n=22), and all perforations healed completely within 72 h (n=22). In the 22 samples of perilymph analyzed,
632 proteins were detected, including the inner ear protein cochlin, widely recognized as a perilymph marker.
175 proteins represented by two or more peptides were included in the analysis. VGF nerve growth factor
inducible (VGF) was significantly upregulated compared to control in both IP (abundance ratio 3.20,
p=0.0016) and IT (abundance ratio 2.23, p=0.007) dexamethasone groups.
Conclusions
VGF was found to be upregulated upon intratympanic and systemic administration of dexamethasone. This
finding was facilitated by perilymph aspiration using hollow microneedles without causing permanent
anatomic or physiologic dysfunction. Microneedles can mediate safe and effective intracochlear sampling and
show great promise for inner ear diagnostics.
PD 25.8 Development of a Virtual Reality Clinically Oriented Temporal Bone Anatomy Module With
Randomised Control Study of Three-Dimensional Display Technology
Bridget Copson
University of Melbourne
Background
Three dimensional technologies and clinically orientated content have been identified as useful adjuncts to
anatomy education in the time limited setting. There exists only a limited evidence base to suggest that these
techniques are helpful in training inner ear and temporal bone anatomy.
Methods
A clinically orientated, interactive and procedural anatomy module was developed from a micro-computed
tomography of a cadaveric temporal bone. The module was delivered in three different display technologies;
two-dimensional, three-dimensional (3D) with monoscopic vision, and 3D with stereoscopic vision. A
randomised control trial was performed to assess the effect of this module on knowledge acquisition and
attitudes of 47 medical students. Pre- and post-tutorial questionnaires were delivered and included questions
relevant to identifying anatomic structures and assessed understanding of structural relations and clinical
relevance. In addition, a Likert scale questionnaire investigated students’ attitudes to the module and extended
learning outcomes, for example career interest in otology and preparedness for clinical rotations.
Results
As a whole cohort, there was significant improvement in the total test score, which exhibited a large effect
size (p = <0.005, Cohen’s d 1.41). There was sustained improvement in total scores, with a large effect size,
as compared to pre-test score for the 23 students who return the retention questionnaire at 6 weeks (p=<0.005,
Cohen’s d 0.83). While the majority of learning outcomes were not influenced by type of display technology,
3D technologies did show benefit for understanding clinical relevance and structural relations (p=0.034). 3D
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technologies were also preferred by students who cited the reasons of ease of use, perceived effectiveness,
and willingness to use again.
Conclusions
The VR temporal bone anatomy tutor that was developed was found to be an effective self-directed education
tool. 3D technology holds value in otology anatomy education, with the benefits of facilitating spatial learning
and superior user satisfaction.

3:00 p.m. - 5:00 p.m.
Podium 26: "Psychoacoustics and Related Topics "
Moderators: Dr. Shihab Shamma and Dr. Pim van Dijk
Category: Psychoacoustics
PD 26.1 Spectral-Temporal Separability in the Human Auditory System: Insights From
Psychophysical and Modelling Data Based on Spectrotemporal Modulations
Emmanuel Ponsot
Ghent University
Background
A crucial aspect for understanding and modeling the human auditory system is to know whether spectral and
temporal information of sound are encoded and processed independently or together. Surprisingly, despite
neurophysiological evidence in both animal and humans that the central auditory system possess neurons with
non-separable time-frequency receptive fields, i.e. that cannot simply be expressed by a product of tuning
functions over time and frequency, the extent to which this non-separable coding can be accessed behaviorally
remains unclear.
Methods
The first part of this work will review human psychophysical studies that addressed this question either directly
or indirectly, as well as modeling studies comparing speech intelligibility predictions using auditory models
with non-separable vs. separable time-frequency central auditory representations. We will see that these
studies lead to the similar conclusion that in most configurations, auditory models that process frequency-only
followed by temporal-only information are almost as good as models that consider time and frequency in a
non-separable manner, suggesting that the auditory system might not effectively make use of the nonseparable time-frequency representation available at the neural level. The second part of this work will focus
on recent empirical evidence that human listeners (not only normal-hearing listeners, but also individuals with
cochlear hearing loss as well as cochlear implant users) are nevertheless able to discriminate between upwarddrifting and downward-drifting spectrotemporal modulation signals, whose information in spectral and
temporal modulations are the same. Through computational simulations, we will address the extent to which
the Modulation Filter-Bank concept [Dau, Kollmeier, and Kohlrausch (1997). J. Acoust. Soc. Am. 102, 2892–
2905] can account for these empirical results, in particular regarding the implementation and parameterization
of the final processing stages (e.g. cut-off frequency of the phase information at the output of the modulation
filters) and decision metrics.
Results
We will discuss how these results are informative to understand how spectral and temporal auditory
information can be accessed in normal and impaired auditory systems, and what they suggest regarding the
question of spectral-temporal (non-)separability as well as how it could be modeled.
Conclusions
Taken together, this review of the psychophysical literature in light of these novel computational simulations
suggests that depending on task demands, the human auditory system is able to flexibly access a richer nonseparable time-frequency representation of sounds, but that particular tasks and stimuli targeting specific
mechanisms seem required to observe this characteristic.
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PD 26.2 Photoacoustic Imaging for Intracranial and Extracranial Facial Nerve Detection
Andy S. Ding
Johns Hopkins School of Medicine
Background
Real-time, intraoperative guidance in parotid and temporal bone surgery is often limited to CT-guided
navigation, which can be suboptimal at locating underlying neurovasculature. Photoacoustic imaging is an
emerging method of visualizing these structures to prevent intraoperative injury. Through illumination of a
region of interest with pulsed light, acoustic pressure waves resulting from local thermal expansion are
detected by an ultrasound transducer and reconstructed into an image. This study evaluates the feasibility of
intracranial and extracranial facial nerve detection with photoacoustic imaging.
Methods
A cortical mastoidectomy and superficial parotidectomy were performed on a fresh cadaveric head to expose
the intracranial mastoid segment and extracranial parotid segment of the facial nerve. The photoacoustic
imaging system consisted of an Opotek Phocus Mobile laser interfaced with a 2 mm-diameter optical fiber
and an Alpinion E-Cube 12R ultrasound platform. Photoacoustic detection of the mastoid segment of the facial
nerve was attempted with an SP1-5 phased array ultrasound probe in four positions (preauricular, superior,
postauricular, inferior). Photoacoustic detection of the parotid segment of the facial nerve was attempted with
a L3-8 linear array ultrasound probe. Segments of the intracranial facial nerve were also harvested for ex vivo
experiments to assess multispectral (750-1400 nm wavelength) photoacoustic detection of the nerve when
obstructed by 0 to 3 cm of soft tissue.
Results
Cadaveric imaging of the mastoid segment of the facial nerve with 750 mm light demonstrated positive
photoacoustic signal up to 4 cm in depth in three of four ultrasound probe positions (i.e., superior, preauricular,
postauricular). Similarly, imaging of the parotid segment of the facial nerve demonstrated positive
photoacoustic signal up to 3 cm in depth. Targeting non-nervous tissue in close proximity to the parotid
segment demonstrated no significant photoacoustic signal. Although positive photoacoustic signals were
identified when imaging cadaveric mastoid or parotid segments, additional investigation with ground truth
anatomical landmarks is required to determine the source of these signals. Ex vivo imaging of the facial nerve
without tissue obstruction demonstrated visualization of the nerve with laser wavelengths in the range 750900 nm, both nerve and laser tip in the range 1200-1300 nm, and only the laser tip in the range 1300-1400 nm.
However, the facial nerve was not visualized with 1.5 to 3 cm of cadaveric tissue between the nerve and probe.
Conclusions
Our preliminary studies demonstrate potential feasibility for photoacoustic imaging of the intracranial and
extracranial facial nerve. We identified three possible ultrasound probe positions for photoacoustic signal
detection of the mastoid segment of the nerve. In addition, we identified a preferable wavelength range for a
nerve-detection photoacoustic imaging system. Future studies are needed to improve imaging of the facial
nerve when obstructed by tissue and to verify the target detected with the photoacoustic signal.
PD 26.3 Adapting Attention in a Dynamic Three-Speaker Auditory Scene
David Little
Johns Hopkins University
Background
In our every-day life we are able to focus on what matters to us in dynamic, and complex auditory
environments. How do we maintain attention and track the ongoing changes to sound sources? Past work
examining scene analysis of continuous speech has focused on cases where the location of the speakers
remains static or---in one case---includes discontinuous switches in location. Here we employed a challenging
multi-speaker stimulus containing three sources and ongoing, continuous changes to the spatial location of
those sources.
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Methods
Using simulated cocktail party stimuli across speakers and spatial locations, we explore listeners' ability to
flag targets embedded in these stimuli while varying attentional foci. Listeners were presented with the same
set of stimuli under a number of different listening conditions: some that required more selective listening
while other conditions engaged broadly tuned listening strategies.
Results
By a variety of measures, spatial switches that occurred later in a trial were less disruptive to attention. The
salience of targets had a greater impact on performance when listeners were required to attend to the entire
auditory scene, rather than more selectively.
Conclusions
Overall the results are consistent with the hypothesis that selective attention is partly comprised of a rapid
learning process that adjusts the components of perception to the task and the dynamics of the current
environment.
PD 26.4 Transient Changes in Temporal Processing in a Nonhuman Primate Model of Cochlear
Synaptopathy
Jessica Feller
Vanderbilt University
Background
Humans with normal audiometric thresholds often report difficulty processing speech in noisy environments.
Such a hidden hearing loss may be related to cochlear synaptopathy, which results in altered stimulus encoding
by the auditory system. However, the perceptual consequences of synaptopathy, and a correlation between its
cochlear and perceptual consequences have yet to be established. To this end, we studied the perceptual
consequences of noise exposures known to cause cochlear synaptopathy in a nonhuman primate model.
Methods
Monkeys (Macaca mulatta) performed a reaction time Go/No-Go masked tone detection task in the presence
of 76 dB SPL continuous, sinusoidally amplitude modulated (SAM) broadband noise (BBN) masker in two
experiments. Target tones were 1, 2, 2.828, 4, 5.656, 8, and 16 kHz. In experiment 1, macaques detected
unmodulated tones in SAM BBN with modulation frequencies (MF) of 10, 20, 40, 80, 100, and 150 Hz. In
experiment 2, macaques detected SAM tones with 40 Hz MF in SAM BBN with 40 Hz MF, while the phase
of the SAM BBN was varied from 0˚ to 315˚ in 45˚ steps. A 4-hour exposure to 120 dB SPL octave band noise
(2–4 kHz) while macaques were anesthetized caused temporary threshold shifts that recovered to baseline and
induced cochlear synaptopathy.
Results
In experiment 1, pre-exposure, thresholds in modulated noise were lower than thresholds in unmodulated BBN
(n=7, modulation masking release, MMR). MMR was highest at low MFs and decayed to zero at the highest
MFs. MMR threshold was calculated as the highest MF at which significant masking release relative to BBN
was observed. Following noise exposure (n=4), MMR threshold was reduced at 4 and 5.6 kHz 1-2 mo. postexposure, suggesting degraded temporal processing. However, when reassessed at ~10–11 months postexposure, MMR thresholds were similar to pre-exposure values at all tone frequencies. In experiment 2, preexposure, detection thresholds varied sinusoidally as a function of the phase difference between the
modulation waveforms (n=7), with lowest detection thresholds when the two modulations were antiphase.
Phase sensitivity was quantified as the amplitude of a sinewave fit to the thresholds and was estimated for all
tone carrier frequencies. Following noise exposure, the phase sensitivity was reduced at 5.6 and 8 kHz at 3–4
months post-exposure (n=3), suggesting degraded temporal processing. However, phase sensitivity returned
to pre-exposure values at all tone frequencies at ~10–11 months post-exposure.
Conclusions
Ongoing cochlear histology will assess the degree of hair cell damage and cochlear synaptopathy. These
studies are part of a project revealing deficits strongly dependent on the stimuli (Burton et al. and Mackey et
al.) and provide evidence of compensatory plasticity after noise damage that may explain mixed results in the
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human synaptopathy literature. [Funding: NIH R01 DC 015988 (PI: RR and Shinn-Cunningham; R01 DC
00188 (PI: MCL)].
PD 26.5 Probing AM Detection in Noise With Reverse Correlation
Léo Varnet
Laboratoire des Systèmes Perceptifs (ENS Paris/CNRS)
Background
It is now acknowledged that part of the deleterious effect of a steady noise on the auditory perception of
amplitude-modulation (AM) is due to the masking of useful modulations in the signal by the intrinsic random
envelope fluctuations arising from the filtering of noise into cochlear critical bands (Dau et al., 1997, 1999).
Reverse-correlation techniques are particularly suitable for exploring the confounding effect of noise on
perception (Murray, 2011), in particular for auditory perception (Varnet et al., 2013). However, the only
attempt at applying this technique to an AM-detection-in-white-noise task yielded mixed results (Ardoint et
al., 2007).
Methods
Here, we analyzed the effects of a white noise on AM perception, in order to unveil the subject’s decision
strategy in the task. More specifically, participants were required to detect the presence of a 4-Hz sinusoidal
AM target applied to a 1-kHz tone carrier embedded into a white noise (yes/no task, 3.000 trials/participant).
Then, using a reversed-correlation analysis on the collected data, we were able to reveal which aspects of the
noise’s temporal envelope influence the listener’s responses. These results where compared with simulated
data from two standard modulation-perception models: the Modulation Filterbank model (MFB; King et al.,
2019; a simplified version of the Perception Model from Dau et al., 1997) and the Envelope Power-Spectrum
Model (EPSM; Ewert and Dau, 2000).
Results
The analysis revealed that human listeners are able to track the modulation peaks in the 4-Hz target, similar
to the MFB model. However, they also show a marked temporal decay (giving more weights to the onset of
the stimulus compared to the offset) and a consistent phase shift with the ideal template. Although none of the
two models perfectly account for the experimental data, the comparison suggests that human listeners may in
fact combine two different regimes (envelope-phase-sensitive and envelope-phase-insensitive) when
performing AM detection tasks.
Conclusions
This study offers a direct illustration of the role of intrinsic modulations of noise maskers on auditory
perception in noise: at a given signal-to-noise ratio, some noise samples have a greater influence than others
depending on the exact temporal distribution of envelope energy. We also demonstrate that this effect of noise
can be used to probe AM detection in noise in real and simulated listeners.
PD 26.6 Cross-Channel Suppressive Masking in the Cochlea: A Critique of the Auditory Filterbank
Alessandro Altoe'
University of Southern California
Background
The cochlea’s role in the perception of sound is almost universally depicted as that of a bank of auditory filters
whose gain and tuning change with sound level. However, the actual cochlea operates by nonlinearly
processing waves as they travel towards their tonotopic place. In particular, experiments and models have
shown that an active process amplifies waves as they propagate along the cochlear spiral, with the consequence
that the response at one place (i.e., frequency channel) is chiefly determined by the physiological status and
activity in more basal locations (i.e., higher-frequency channels). That is, the responses at different frequency
channels are strongly coupled.
This coupling is strikingly evident in the phenomenon of “phantom suppression”: cochlear responses can be
strongly suppressed by above-characteristic-frequency (CF) tones that do not elicit a sustained response at the
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recording site. Conceptually, phantom suppression is equivalent to cross-channel masking, where the response
in one channel masks (suppresses) the responses in other channels.
Methods
Here we propose a simple wave model to illustrate how the spatially distributed nonlinearity affects the
cochlear representation of sound. By exploiting local scaling symmetry, the basilar membrane (BM) frequency
response can be used to estimate the spatial profile of the traveling wave by remapping the frequency axis into
location. Activation of the cochlear compressive nonlinearity at a specific location reduces the slope of the
BM wave envelope (i.e., the spatial gain).
Results
The model accurately accounts for the phenomenon of phantom suppression in simple, intuitive terms. In a
nutshell, above-CF tones activate the cochlear nonlinearity in regions basal to the CF place, where the slope
of the BM wave envelope is steepest. By reducing the slope of the BM envelope in this region, above-CF
suppressors maximally reduce the response at the CF location. A similar behavior is observed in a physicsbased cochlear models.
Conclusions
The presence and physical origin of phantom suppression has important implications for the interpretation of
psychophysical experiments. For instance, the tuning of a considered auditory filter can be significantly altered
by the presence of masking noise, even though the filter response to the noise itself is negligible. This effect
is not easily understood in terms of banks of auditory filters, but it is easily depicted by simple traveling-wave
models of the sort we present here.
PD 26.7 Relationship Between Temporal Fine Structure Sensitivity and Speech Intelligibility Under
Various Types of Noise Interference
Agudemu Borjigin
Purdue University
Background
Previous studies suggest that temporal fine structure (TFS) plays an important role in pitch perception and
sound localization (Smith et al. Nature 2002) in quiet, each of which can provide as much as 5 dB benefit of
masking release from noise (MR) (Jakien & Gallun, AJA 2018; Oxenham & Simonson, ASA 2009). However,
while TFS is the dominant cue at delivering the pitch and spatial cues in quiet, these cues can be conveyed by
the envelope equally well in terms of MR (Best et al., ASA 2005; Oxenham & Simonson, ASA 2009). In
addition, TFS-based spatial cues may be more susceptible to corruption by reverberation (Ihlefeld & ShinnCunningham, ASA 2011). Therefore, in the real world where there are many redundant cues and other
distortions, the specific role of TFS is still debated. The goal of this study is to investigate the role of TFS in
complex listening environments, by leveraging individual differences in TFS-sensitivity and speechintelligibility under various types of noise interference from a large cohort of normal-hearing listeners, using
our online data-collection platform.
Methods
The TFS-sensitivity measures include the detection of the interaural time difference and binaural frequency
modulation, which were proven to be promising TFS-sensitivity metrics by our previous in-lab, EEGpsychophysics-based study. Interaural-level-difference (ILD)-sensitivity was measured as a control that does
not depend explicitly on TFS cues but is likely to capture individual differences in overall motivation or
cognitive factors. Speech-intelligibility was measured in 12 backgrounds at 5 signal-to-noise-ratios: five 4talker babble and one stationary-noise masker, with or without reverberation added. Four of the 5 types of
target/babble were processed for flattened pitch contour while the other’s natural intonation was kept intact.
Among the four “pitch-flattened” configurations, the target and babble masker either have a pitch difference,
spatial separation, both cues, or neither of the cues. There was no pitch/spatial cues in the unprocessed
configuration.
Results
The preliminary data demonstrate an MR benefit of more than 5 dB when there is either pitch cues, spatial
cues, or the natural intonation. The combination of pitch and spatial cues did not lead to a further significant
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increase in MR. The speech reception threshold (SRT) in steady noise was almost 20 dB better than the worst
SRT in speech babble, indicating the high masking power of the modulations contained in the babble. When
reverberation was added, the MR was reduced in general.
Conclusions
Data collection is ongoing to obtain a large N for classifying the subjects into groups based on TFS-sensitivity
after regressing out ILD-sensitivity. The difference between these groups’ abilities to take advantage of the
various pitch/spatial cues as well as their resilience against reverberation will ultimately point to the role
played by the TFS in speech perception in noise.
PD 26.8 Fundamental Frequency, not Frequency, Limits Slow-Rate Frequency Modulation Sensitivity
Kelly Whiteford
University of Minnesota
Background
Modulations in frequency (frequency modulation; FM) and amplitude (amplitude modulation; AM) are
fundamental attributes of natural sounds. It is widely believed that precise phase locking to temporal fine
structure (TFS) can account for our enhanced perceptual sensitivity for FM at the slow modulation rates (fm
< 5 Hz) and low carrier frequencies (fc < ~4 kHz) that are most relevant for speech and music. At faster rates
and higher carriers at all rates, FM may instead use a place code, based on AM coding and the fidelity of
cochlear tuning.
Methods
The present study assessed the role of temporal coding in harmonic complexes in normal-hearing listeners
(n=18) by measuring FM detection for two F0s (200 Hz and 1400 Hz), modulated at slow (2 Hz) and fast (20
Hz) rates, for tones with lower (2-5) or upper (6-9) harmonics. Pure-tone FM detection was measured for fc
between 200 and 12000 Hz at fm of 2 or 20 Hz. All stimuli were presented at 45 dB SPL per component and
embedded in broadband threshold equalizing noise at 35 dB SPL per equal rectangular bandwidth to mask
distortion products.
Results
Results demonstrate better complex FM detection for slow than fast rates, even when all harmonics are above
4 kHz. However, the magnitude of this effect was stronger at lower frequencies, where phase-locking cues
may be viable. Interestingly, the thresholds were poorer for the upper harmonic condition when F0=200 Hz
relative to the lower-harmonic condition when F0=1400 Hz, despite the overlapping frequency range between
these conditions, perhaps suggesting an effect of harmonic separation. A computational model based on signal
detection theory was used to predict complex FM detection thresholds from the pure-tone FM thresholds,
assuming performance is limited by peripheral noise. Sensitivity was estimated from these thresholds by
assuming optimal integration of information across independent frequency channels. Predicted complex FM
thresholds mirrored the rate-dependent trends when all components were within the limits of phase locking
(F0 = 200 Hz; F0=1400 Hz, H2-H5) but showed no slow-rate benefit in the extended-high frequency region
(F0 = 1400 Hz, H2-H6), inconsistent with our human data.
Conclusions
These results suggest that the dependence of FM sensitivity on rate is determined by F0 (pitch) rather than
(lack of) phase-locking to the TFS of individual harmonics. [Supported by NIH grant R01 DC005216 and an
Eva O. Miller Fellowship.]

3:00 p.m. - 5:00 p.m.
Podium 27: "Vestibular System"
Moderators: Dr. Anna Lysakowski and Dr. Suhrud Rajguru
Category: Vestibular: Basic Research & Clinical
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PD 27.1 Synaptic Ribbon Distributions in a Model of Vestibular Hypofunction
Larry Hoffman
Geffen School of Medicine at UCLA
Background
In contrast to the very severe attenuation in cochlear function, deletion of otoferlin results in compromised
vestibular function manifested by drastic reduction in stimulus-evoked exocytosis in type I hair cells and
minimal effect in type II hair cells. This vestibular hypofunction in Otof-/- mice is corroborated by reduced
amplitudes of vestibular evoked potentials (Dulon et al. 2009). Despite the compromise to stimulus-evoked
exocytosis in type I hair cells, spontaneous neurotransmitter release is intact. This pathotype is similar to that
induced by low-dose gentamicin ototoxicity (Sultemeier and Hoffman 2017), which raises the possibility that
each condition may exhibit similarities in underlying mechanisms. While the hypofunction observed in Otof/- mice results from a specific genetic deletion, absence of otoferlin, and concomitant synaptic effects, the
molecular targets of gentamicin not been identified. Recent evidence indicates that gentamicin may induce
synaptopathies manifested as reductions in synapse counts. Hence, investigation of synapse distributions in
Otof-/- mice provides insight into whether the gentamicin-induced synaptopathy could result from a pathology
to an upstream target (e.g. otoferlin). Therefore, this investigation intended to test the (null) hypothesis that
synapse distributions in vestibular hair cells of Otof-/- mice were similar to WT and heterozygotes.
Methods
Vestibular epithelia from mice of each genotype were prepared for immunohistochemical probing with
antibodies targeting CtBP2 and 3-tubulin to illuminate synaptic ribbons and the calyces and parent axons of
afferent neurons, respectively. Quantification of synaptic ribbons was restricted to the utricular striolae and
cristae central zones, guided by the neuroepithelial regions harboring anti-oncomodulin immunolabeled hair
cells. Neuroepithelia were imaged via super-resolution confocal microscopy, which enhanced the
determination of synaptic ribbon volumes. These morphometric data were compared to ribbon volumes
estimated from ribbon reconstructions manually segmented from serial field-emission scanning electron
microscopy. The analyses were constrained to CtBP2-positive puncta within 1µm of tubulin-immunolabeled
surfaces, which included ribbons within type I hair cells and those projecting onto calyx lateral faces. Ribbon
distributions were compared by computing the Kullback-Leibler divergence (DKL), whereby empirical DKL
values were compared to null distributions determined from bootstrap resampling.
Results
We found that ribbon counts within type I hair cells and those projecting onto calyx lateral faces were similar
across genotypes (p=0.5). The volumes of type I hair cell and calyx lateral face ribbons were also similar
across genotypes. However, the analyses indicated that volumes of calyx lateral face ribbons were larger than
those within type I hair cells. This appears to be due to the overall reduction in the number of smaller ribbons
prominent in type I hair cells.
Conclusions
These findings support the conclusion that synaptic compromise resulting from otoferlin deletion does not
alter synaptic architectures, indicating that synaptopathies secondary to ototoxicity are likely manifested from
a different etiology.
PD 27.2 HCN Channels Are Modulated by Muscarinic Acetylcholine Receptors in Vestibular
Ganglion Neurons
Daniel Bronson
University of Southern California
Background
Hyperpolarization-activated cyclic-nucleotide gated (HCN) channels are thought to be important for
promoting spike-timing regularity and ephaptic transmission in vestibular neurons. The extent to which HCN
channels contribute to these functions depends on how much of their current is active at sub-threshold
potentials. The size of HCN currents depends on both the number of channels and their voltage-activation
range. Notably, the latter is known to be sensitive to intracellular second messengers like cAMP and PIP2.
pg. 42

The Association for Research in Otolaryngology (ARO)
The 44th Annual MidWinter Meeting
Tuesday, February 23, 2021, U.S. Eastern Time Zone

Here our goal was to characterize HCN channel properties in vestibular ganglion neurons (VGN) using
experimental approaches that preserve the endogenous concentrations of second messengers and to determine
if efferent inputs additionally impact the channels. We hypothesized that activating muscarinic-acetylcholine
receptors may trigger G-protein coupled signaling cascades that affect the intracellular concentration of second
messengers like cAMP and PIP2 and thus also affect the activation of HCN channels.
Methods
To preserve the endogenous concentrations of second messengers, we characterized the voltage-gated
properties of HCN channels using perforated patch-clamp methods on isolated rat VGN ranging in age
between post-natal day (P)9 and P18 (n = 46). HCN activation was assessed before and after application of
the mAchR receptor agonist, Oxotremorine-M (Oxo-M, 10 μM).
Results
In contrast to previous reports using ruptured-patch methods, we found a remarkable heterogeneity in the
voltage activation range and kinetics of HCN channels at baseline. Some neurons had channels that activated
at nearly 20 mV more depolarized voltages than they did in other neurons. Neurons with phasic firing patterns
tended to have more depolarized activation ranges than did neurons with intermediate to tonic firing patterns.
In 11 of the 12 neurons tested, HCN channels activated faster and their voltage activation range shifted in the
positive direction when we applied Oxo-M. VGN with more negative activation ranges at baseline
experienced greater shifts; nearly 20 mV in one case. The HCN channel’s sensitivity to Oxo-M is not due to
the well-known ability of mAchR to close KCNQ channels. The KCNQ channel blocker, linopirdine, did not
affect HCN activation. Co-application of linopirdine with Oxo-M did not prevent the depolarizing shift of
HCN activation by Oxo-M.
Conclusions
In summary, HCN channel activation is more heterogenous and (in some neurons) more depolarized than
suggested by previous in vitro characterizations in VGN. Moreover, the results reveal an endogenous
mechanism for enhancing the activation of these channels via the mAchR pathway. These findings contrast
emerging results in striatal cholinergic interneurons wherein the mAchR pathway inhibits HCN channel
activity but are consistent with recent evidence in auditory brainstem showing a similar enhancement as
described here. Future work will investigate the intracellular cascades involved in the mAchR regulation of
HCN channels and the impact of this modulation on vestibular afferent activity.
PD 27.3 Novel Cell Types and Developmental Lineages Revealed by Single-Cell RNA-Seq Analysis of
the Mouse Crista Ampullaris
Brent Wilkerson
Medical University of South Carolina
Background
Cristae are sensory structures at the bases of the semicircular canals that are critical for vestibular function but
have not yet been characterized by single cell RNA-seq. This study provides transcriptomic characterization
of the cells of the crista ampullaris including both the hair cells and support cells in addition to the other nonsensory cells of the ampulla.
Methods
We performed single cell RNA-seq on ampullae microdissected from E18, P3 and P7 mice and then carried
out cluster analysis, trajectory analysis and analysis of changes in cellular proportions across developmental
time. We validated select cluster-specific markers in situ using immunofluorescence and RNA ISH.
Results
Cluster analysis identified the hair cells, support cells and glia of the crista as well as dark cells and other
nonsensory epithelial cells of the ampulla, mesenchymal cells, vascular cells, macrophages and melanocytes.
Cluster-specific expression of genes predicted novel spatially restricted gene expression domains in the
nonsensory epithelium and mesenchyme of the crista ampullaris as well as heterogeneous gene expression
patterns in support cell subtypes and macrophages. Trajectory analysis revealed transcriptomic dynamics
associated with the differentiation of glia and Type II hair cells. Analysis of cellular proportions across
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developmental time showed dynamics in cellular composition including Type II hair cell addition. Many genes
associated with vestibular disease and dysfunction show cluster-specific expression.
Conclusions
The new cell types revealed by single cell RNA-seq are likely of importance for crista function and the markers
identified in this study will enable the study of their dynamics during development and disease. Additionally,
the gene expression patterns resolved by single cell RNA-seq provide important insight into the etiology of
vestibular disorders.
PD 27.4 Spatiotemporal Organization of a Central Vestibular Brainstem Nucleus in the Larval
Zebrafish
Dena Goldblatt
New York University
Background
Neural circuits must achieve precise wiring between distinct cell subtypes to produce appropriate behaviors.
Identity specification and wiring precision in the circuit that stabilizes gaze is a particular case of this general
developmental problem. Vertebrates stabilize gaze using excitatory vestibular interneurons that relay head and
body destabilization to motoneurons that counter-rotate the eyes. Precise connectivity between directionally
sensitive interneuron subtypes and particular motoneurons is therefore crucial for behavior. The
developmental mechanisms that specify excitatory vestibular interneuron identity and connectivity are
unresolved, though previous work has suggested a role for spatiotemporal cues and/or motoneuron-derived
factors.
Methods
We tested these hypotheses in the tangential nucleus (TAN) of the larval zebrafish, which contains the
excitatory vestibular interneurons necessary for vertical gaze stabilization. We first developed an assay using
2-photon and swept, confocally-aligned planar excitation (SCAPE) microscopy to rapidly and reliably define
functional nose-up and nose-down vestibular interneuron subtypes. We used this assay to first ask whether
functional subtypes are spatiotemporally organized, and then assay the requirement of motoneuron-derived
signals.
Results
Our assay revealed functional organization complementary to spatiotemporal development. These results are
the first demonstration of functional sub-organization with a central vestibular brainstem nucleus and reflect
a putative role for spatiotemporal factors in identity specification. Additionally, we observed that TAN
functional identity and organization is preserved in the absence of motoneurons, arguing against a role for
motoneuron-derived cues.
Conclusions
Taken together, we predict that spatiotemporally linked factors organize TAN subtypes into dorsoventral and
rostrocaudal microdomains. We propose that functional identity acquisition and organization occurs in a
motoneuron-independent manner.
PD 27.5 Optical Coherence Tomography Imaging of the Murine Vestibular System
Rob Raphael
Rice University
Background
The vestibular system is responsible for our sense of orientation and balance. Disorders
of the vestibular system can cause diseases such as Meniere’s disease for which there are no
effective clinical treatments. The vestibular semicircular canals and end-organs are contained within the
temporal bone, and a major barrier to vestibular research is the inability to noninvasively image internal vestibular structures within the bony and membranous
labyrinths and to study how these structures are perturbed in disease states.
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Methods
We have utilized optical coherence tomography (OCT) to image the vestibular system in
isolated and intact murine temporal bones. OCT is a form of optical interferometry which enables imaging
biological tissue at greater depths than optical or fluorescence microscopy. After sacrifice, murine temporal
bones were rapidly removed and placed on the stage of a Thorlabs Ganymede Spectral Domain 620C OCT
Imaging system. Images of vestibular compartments were acquired in 2D mode for cross-sectional imaging
and 3D mode for volume imaging. The data were analyzed in ThorImage OCT software to obtain dimensions
of internal structures and reconstruct vestibular anatomy. Our system has a theoretical lateral resolution of
4 μm and an axial resolution of 2.2 μm in water.
Results
OCT imaging through the temporal bone readily permitted imaging of the semicircular canals
located just beneath the bone. Imaging of a transverse cross section of the semicircular canal
reveals distinct compartments delineating the boundaries between the perilymph and the
endolymph. 3D imaging of the semicircular canals along the axis of curvature also revealed the presence of
membranous structures and enabled imaging of connective tissue between the outer boundary of the duct and
the bony labyrinth – structures previously only seen in electron
microscopy. We have also demonstrated that OCT can image internal structures in the various vestibular endorgans: the ampulla, the saccule and the utricle.
Conclusions
The results establish that OCT can non-invasively image through the murine temporal bone and visualize the
internal structures of the vestibular system. The implementation of OCT
introduces a powerful method for studying normal vestibular anatomy and physiology as well as testing
hypotheses related to the causes and treatments of vestibular disorders.
PD 27.6 Infrared Photosensitivity of the Utricular Macula is Influenced by Vestibular Hair Cells’
Organization
Federica M. Raciti
University of Miami
Background
Prior studies have shown that pulsed IR stimulation (λ = 1863 nm) of the vestibular sensory epithelium evokes
a diverse pool of post–synaptic afferent responses. Factors influencing the response include the cell type
activated by the IR, the cellular organization of the epithelium or the transmitter-type of the synaptic inputs.
Our results from the stimulation of the semicircular canals suggests that pulsed IR modulates the activity of
vestibular hair cells, specifically the Type I. The otolith endorgans exhibit a cellular organization far richer
with different zones of the utricle exhibiting regional diversity in hair cell type distribution and physiological
characteristics of post-synaptic afferents. Here, we explored a hypothesis that the spatiotemporal properties of
the utricle results in a diverse set of the IR–evoked responses.
Methods
The University of Miami Institutional Animal Care and Use Committee approved all procedures. Bilateral eye
movements were recorded and characterized during pulsed IR stimulation of otolith endorgans in vivo in rats
(ISCAN Inc, Woburn, MA) and results were analyzed using custom MATLAB program. A three-fiber bundle
optical fiber (d = 200 μm) was directed to target the utricular neuroepithelium with frequency pulsed IR
(λ=1860nm, 200μs, 200Hz, various radiant exposures) to investigate the variations in the responses obtained.
The IR responses were recorded after treatment with XE991 (1 mg/kg and 2.5 mg/Kg), an inhibitor of the
activity of KCNQ4 localized on calyx–ending afferents. Following the experiment, the tissue was ablated
along the trajectory of the laser beam path and utricular specimens were harvested for histological analyses.
Whole mount preparations were then labeled using antibodies against β3-tubulin, myosin VIIa and imaged.
Results
The magnitude of the IR–evoked eye movement responses were significantly larger when the stimulation
occurred towards the caudal region of the utricular macula. A local perfusion of the KCNQ4 blocker XE991
differentially affected the sensitivity of the different regions of the utricular maculae to IR stimulation.
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Conclusions
Collectively, our results confirm that Type I vestibular hair cells are a primary driver of the photothermal
response to infrared stimulation in the vestibular neuroepithelium. Also, with the well-known regional
morphological differences of the utricular macula, it is feasible to use focal and multi-point IR light stimulation
to delineate functional differences between hair cell subtypes and regions.
Funding: NIH NIDCD 1R01DC008846 and 1R01DC013798
PD 27.7 Investigating the Connection Between Gait Abnormalities and CAMSAP3, a Microtubule
Minus-End Regulator
Josephine O'Donnell
Northwestern University
Background
Kinocilia, located on vestibular hair cells, are primary sensory cilia present throughout the murine lifespan
and are exceptionally long compared to the other sensory cilia. Kinocilia are embedded into the overlying
otoconial membrane and are critical to the transmission of head position and movement information to the
stereocilia where mechanoelectrical transduction occurs. Vestibular kinocilia are microtubule-based
structures, with two central singlet microtubules (MTs) surrounded by nine doublets MTs, the ‘9+2’
configuration, while most primary sensory cilia have the ‘9+0’ configuration. The function of this central MT
pair in kinocilia has yet to be examined. Calmodulin-regulated spectrin-associated protein 3 (CAMSAP3) is a
MT minus-end regulator. We have discovered that CAMSAP3 is necessary to form the central MT pairs in
motile cilia (Robinson et al., PNAS, 2020), another cilia type with the ‘9+2’ configuration. It is not known
whether CAMSAP3 is also needed for the formation of non-motile cilia like kinocilia. We hypothesize that
CAMSAP3 is necessary for the construction of the central MT pair in the vestibular kinocilia. If CAMSAP3
is important for establishing normal kinocilia, we expect CAMSAP3 knockout mice to show behaviors
associated with vestibular dysfunction because abnormal vestibular hair cells are known to cause balance
problems in mice.
Methods
We created a conditional knockout mouse model, pax2-cre-Camsap3-cKO, which was designed to remove
CAMSAP3 from the cochlear and vestibular organs. PCR-sequence data confirmed that Camsap3 was
successfully removed from inner ear of pax2-cre-Camsap3-cKO mice. Interestingly, wildtype (WT) and pax2cre-Camsap3-cKO mice preformed equally well when put through a swim and right reflex test. Since
abnormalities in the vestibular system don’t always create detectable changes in balance due to the
compensation of other systems, such as the visual system, we further investigated possible vestibular
abnormalities in the pax2-cre-Camsap3-cKO mice using DigiGait, a treadmill apparatus with an attached
camera for detailed movement measurement. Mice were put through a series of three treadmill experiments at
different speeds.
Results
The key behaviors we examined included swing to stance ratio, paw angle, paw area, gait symmetry, stance
width, step angle, propulsion, and the ataxia coefficient. When compared to WT mice, pax2-cre-Camsap3cKO mice had high rates of non-compliance (refusal to run). We also noticed that pax2-cre-Camsap3-cKO
mice had much smaller areas of their paws in contact with the treadmill, for fore and hind limbs, despite the
absence of any differences in body weight or length. The paw area decrease for the pax2-cre-Camsap3-cKO
mice is counterintuitive, as decreasing paw area would make the mice less stable.
Conclusions
Further investigation is needed to understand the mechanism of CAMSAP3 in the vestibular system and the
gait differences between pax2-cre-Camsap3-cKO and WT mice.
(This work is supported by the American Hearing Research Foundation and the Knowles Hearing Center).
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PD 27.8 Temporal Modulation Transfer Functions of Amplitude-Modulated Cervical Vestibular
Evoked Myogenic Potentials
Christopher Clinard
James Madison University
Background
Cervical vestibular evoked myogenic potentials (cVEMPs) are commonly used to evaluate saccular function
and are recorded from the sternocleidomastoid muscle. Almost all previous cVEMP studies have used
transient stimuli, and the properties of AMcVEMPs are poorly understood. Previous studies have reported
AMcVEMPs to modulation frequencies as high as 122 Hz, but the upper limit has not be established. Here,
we used amplitude-modulated sounds to examine sustained, phase-locked cVEMP activity and to define the
TMTF of the AMcVEMP using multiple analysis approaches.
Methods
Participants were young adults (ages 22-25, n=14) with no history of vestibular lesions or middle-ear
pathologies. Stimuli were AM tones with carrier frequency of 500 Hz and modulation frequencies ranging
from 7 to 403 Hz. Stimuli had duration of 1.024 sec and were delivered at 65 dB HL using a B81 bone
vibrator. Participants maintained a tonic EMG level of 50 µV during the recordings. FFT-based analyses
included amplitude, signal-to-noise ratio, phase coherence, and modulation gain.
Results
All participants had present responses. TMTFs were defined for each analysis type, and the shape of the TMTF
varied across analysis types. The amplitude TMTF had a peaked shape. TMTFs for SNR and phase coherence
had a broad plateau covering a wide range of modulation frequencies. Phase coherence analyses and polar
histograms demonstrated robust synchrony to the temporal envelope (e.g., phase coherence > 0.9).
Modulation gain also had robust values across a wide range of modulation frequencies. AMcVEMPs were
present at modulation frequencies as high as 347 Hz. In addition to the steady-state analyses, onset and offset
responses were also observed.
Conclusions
AMcVEMPs can encode amplitude modulation across a broader range of modulation frequencies than has
been previously reported. In addition, the use of these relatively long duration AM stimuli can elicit onset,
steady-state, and offset responses. This novel approach to cVEMPs may be used to ask new questions about
human vestibular physiology in healthy and pathological systems.

3:00 p.m. - 5:00 p.m.
Poster Session 4
T1. Open Board
T2. Effects of Age on Voice Discrimination and Vocal Emotion Recognition in Adults
Aging
Laura Rachman*1, Emily Price1, Etienne Gaudrain2, Deniz Başkent1
1
University of Groningen, 2Université de Lyon
Background
Various studies indicated that emotion recognition abilities decrease with increasing age, both in the visual
and auditory modalities. In the auditory domain, it is not clear whether this age-related decline is due to the
age-related decrease in hearing sensitivity to relevant acoustic information, such as pitch-based cues, or to
changes in later-stage cognitive processing of this information. The aim of this study was to assess the impact
of aging on both the early-stage processing of acoustic voice cues in a perceptual discrimination task, and also
on the ability to correctly categorize emotional speech tokens, which also involves later-stage cognitive
processing such as identifying and labelling auditory information. Because vocal emotions are conveyed
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through various prosodic characteristics, including pitch contours, we also assessed whether and to what
degree sensitivity to voice cue differences may be a predictive factor for listeners’ performance in the
emotional speech categorization task. A strong correlation between the two tasks in older listeners would
imply that the perception of voice cue differences and emotional speech processing share mechanisms that are
commonly affected by aging. A lack of correlation could imply that other processes, such as later-stage
cognitive processing, could have a larger role in the age-related decline of emotion recognition abilities,
although this would not rule out the possibility that discrimination of voice cues and the processing of prosodic
cues for emotion identification may tap into different mechanisms.
Methods
In this study, we collected data from adult listeners ranging from 18 to 80 years of age through our online
testing platform. We first examined the perception of two principal voice cues that are typically used to
identify a speaker’s gender or to distinguish individual speakers: the fundamental frequency (F0), related to
the glottal pulse rate, and vocal-tract length (VTL), related to a speaker’s body size. In an adaptive 3I-3AFC
paradigm using pseudowords made up of syllable triplets, we measured just-noticeable-differences to
determine listeners’ sensitivity to these voice cues. In the second task, we used the EmoHI test to assess the
recognition of three core emotions (happiness, anger, and sadness), produced by two male and two female
speakers in non-language-specific pseudo speech (Nagels et al., 2020, doi: 10.7717/peerj.8773).
Results
While data collection is currently ongoing, we collected preliminary data from 9 participants (<30 years: N=2;
30-50 years: N=3; >60 years: N=3). We will report results from listeners within a wide age range to provide
direct measures of F0, and for the first time also VTL sensitivity, across the adult lifespan.
Conclusions
Results of this study will provide more insight into the predictive value of F0 and VTL sensitivity in an
emotion recognition task and assess how both early-stage processing of voice cues and higher-level emotion
processing are affected by aging effects.
T3. Age-Related Temporal Processing Deficits Can Be Treated Using Long-Term Exposure to a
Temporally Modulated Augmented Acoustic Environment
Aging
Joseph Walton*1, Luis Franco-Waite1, Terrance Jones1, Rachal Love1, Timothy Fawcett1, Isabela
Zimmerman-Rollins1
1
University of South Florida
Background
Age-related hearing loss (ARHL) results in perceptual deficits across many auditory domains, including
temporal processing. We hypothesized that feature-specific augmented acoustic environments (AAEs) could
improve deficits in temporal processing by inducing positive neural plasticity. Previous work in a mouse strain
that develops progressive sensorineural hearing loss (SNHL) and exhibits auditory temporal processing
deficits, has shown that in young mice, AAE-induced plasticity alters patterns of sound-evoked auditory
midbrain neural coding, improves hearing sensitivity, and enhances temporal processing (Turner and Willott,
1999; Dziorny et al., 2020). The current study explores the effect of a two-month temporal AAE intervention
on complex sound processing in aging mice.
Methods
CBA/CaJ mice, aged 21-22 months, were placed in standard housing enclosed in a sound attenuating chamber
and exposed 12 hours per day for 2 months to an AAE. Control mice were housed in the same enclosure
without the AAE. The AAE consisted of a wide band noise with a 25% duty cycle and a 2 second period.
Silent gaps of randomly selected durations (1, 2, 4, 8, and 16 ms) were embedded in the noise bursts. To
measure neural excitatory receptive fields and responses to silent gaps embedded in noise, neural activity from
the inferior colliculus (IC) was recorded using a 16-channel silicon-iridium vertical electrode array
(Neuronexus). Frequency response areas were acquired using 25-ms tone bursts from 4 to 64 kHz and 0 to
80 dB SPL. To assess temporal processing, we recorded neural responses to gap-in-noise stimuli using silent
pg. 48

The Association for Research in Otolaryngology (ARO)
The 44th Annual MidWinter Meeting
Tuesday, February 23, 2021, U.S. Eastern Time Zone

gaps in a 250-ms noise burst presented at 60, 70, and 80 dB SPL. To assess neural correlates of temporal
coding, minimum-gap detection thresholds (MGTs), recovery functions, and strength of excitatory gain were
analyzed.
Results
Neural MGT distributions showed an overall shift towards shorter gap durations in the AAE group as
compared to controls. This effect was most pronounced for units with characteristic frequencies lower than 32
kHz and minimum thresholds lower than 40 dB. This finding indicates an improvement in temporal processing
in response to AAE. Neural population gap recovery functions showed faster recovery for shorter gap times
among AAE-treated mice, reaching parity with the control group for gap durations longer than 16 ms.
Conclusions
Analysis of the post-stimulus-time histograms showed a nearly even number of Onset and Sustained units
among recordings from the AAE group, while the control group had a larger proportion of Onset units. These
results provide evidence that targeted, passive AAEs have the potential to mitigate perceptual deficits
associated with ARHL, thus opening the door to an untapped therapeutic management of ARHL.
T4. Exposure to an Augmented Acoustic Environment Improves Signal-In-Noise Detection in Old
CBA/CaJ Mice
Aging
Joseph Walton*1, Dimitri Brunelle1, Collin Park1, Timothy Fawcett1, Mary Reith1
1
University of South Florida
Background
Growing evidence suggests that neural plasticity can aid in the prevention or treatment of age-related hearing
loss (ARHL). There is a paucity of published reports that have examined the effects of targeted augmented
acoustic environments on hearing function, specifically signal-in-noise (SiN) processing. An augmented
acoustic environment (AAE) is a paradigm first reported by Turner and Willott (2000) in which animals are
exposed to sounds for a long period of time. They found that auditory function improved in a developmental
hearing-impaired mouse model exposed to AAE. In this study we used modification of the acoustic startle
response to measure SiN processing in order to determine whether a SiN AAE could improve SiN processing
in mice with age-related hearing loss.
Methods
Aged CBA/CaJ mice (20 months) were exposed for 2 months to an AAE consisting of a continuous Gaussian
wideband noise that varied in intensity from 50- and 65-dB SPL for 8 hours in order to simulate real-life
workplace background noise. Background noise starts at 50 dB for 3 seconds and then increases to 65 dB for
6 seconds and interleaves for 8 hours. During the 6 seconds, a 50 msec 16 kHz tone burst was presented every
200 milliseconds, at intensities of +3, +6, +9, and +12 dB SPL above the background. To assess SiN detection
in a behavior paradigm, a 65 dB SPL wide-band background noise is presented for the duration of the protocol.
Within each trial, a tonal pre-pulse ranging from 65 - 77 dB in steps of 3 dB was presented 50 milliseconds
prior to the onset of a startle elicitor stimulus, a wide-band noise burst at 110 dB SPL. Behavior was tested
before, after 1 month, and after 2 months of AAE. There were 180 trials in each frequency protocol, with 30
being no pre-pulse control trials and the remaining 150 representing the inhibitory trials. ASR waveforms
were classified using an automated machine learning model to identify true startles, removing noisy or low
amplitude non-startles from further analyses. The distributions of startle amplitude ratios of (1-PPI) were
statistically compared for trials before and after AAE.
Results
Mice in the AAE group showed statistically significant improvement in detecting the SiN, as evidenced by
increases in PPI following 2 months of treatment when compared to baseline. Even though the AAE consisted
of a single 16 kHz signal, AAE animals also demonstrated significant improvements across several tonal
prepulse frequencies at 10, 16, and 24 kHz. Thus, demonstrating that the ameliorative effects of the AAE
exposure are generalizable across the frequency domain.
Conclusions
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This study demonstrates that passive exposure to a SiN AAE results in improved SiN detection in aged mice
and suggests active positive plasticity in the aged auditory system.
T5. Open Board
T6. Diverse Response Properties of VIP+ and NDNF+ Neurons in Superficial Auditory Cortex
Auditory Cortex: Anatomy, Physiology & Function
Carolyn Sweeney*1, Maryse Thomas1, Esther Yu2, Kasey Smith3, Anne Takesian1
1
Massachusetts Eye & Ear/Harvard Medical School, 2Harvard College, 3Massachusetts Eye & Ear
Background
Cortical processing of sound requires the convergence of ascending acoustic signals and descending
neuromodulatory inputs relaying information about behavioral state. Recent work from our laboratory and
others has shown that layer 1 (L1) of auditory cortex receives both sensory inputs from the auditory thalamus
and contextual signals from neuromodulatory centers throughout the brain, implicating this superficial cortical
region as an integration site for these cues. L1 is comprised of inhibitory interneurons, with the two most
abundant subtypes characterized by the molecular markers neuron derived neurotrophic factor (NDNF) and
vasoactive intestinal peptide (VIP). Understanding how these two neuronal subtypes process distinct sound
stimuli as well as behaviorally relevant stimuli will be critical to understanding their function in integrating
this information. NDNF+ and VIP+ interneuron subtypes have distinct morphology, electrophysiology, and
circuitry, suggesting that they respond differentially to sensory and contextual stimuli. However, a direct
comparison of the in vivo activity of these two subtypes has not been made.
Methods
We expressed the calcium indicator, GCaMP6f, selectively in either VIP+ or NDNF+ interneurons and used
two-photon imaging in awake mice to assess the responses of these interneurons to a variety of sound stimuli,
locomotion, and appetitive and aversive reinforcers.
Results
Our results reveal a wide diversity of responses within the VIP+ and NDNF+ interneuron populations; many
interneurons were selectively activated by specific sounds or behavioral cues. Surprisingly, some VIP+ and
NDNF+ interneurons show a strong preference for amplitude and frequency-modulated stimuli, suggesting a
novel role for these interneuron subtypes in the processing of complex, naturalistic sounds.
Conclusions
These data demonstrate the diversity of the in vivo responses of VIP+ and NDNF+ interneurons, motivating
future work to characterize the unique functional circuitry of these superficial interneurons.
T7. Dendritic Complexity of Layer V Pyramidal Cells in Congenitally Deaf Auditory Cortex
Auditory Cortex: Anatomy, Physiology & Function
Lea Sollmann*1, Ana Bedalov2, Damir Kovacic2, Andrej Kral1
1
Hannover Medical School2University of Split, 3University of Split, Hannover Medical School
Background
The loss of sensory input to the auditory cortex results in changes of function and structure. A reduction of
deep cortical layers IV-VI has been observed in congenitally deaf cats (CDCs) when compared to normal
hearing controls (NH) in primary and secondary auditory areas (Berger et al. 2017, J Comp Neurol).
Methods
Here we quantified cellular neuromorphological changes using a structural analysis by the Sholl-method. We
compared layer V pyramidal cells in primary and secondary auditory fields (AI, AII and DZ) as well as in the
visual reference Area 7. After transcardial perfusion, the brain was extracted, sectioned into 50µm thick frontal
slices and stained using SMI-32 antibody, which visualizes pyramidal neurons and enables an identification
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of the individual cortical layers (Mellott et al., 2010, Hear Res). Brain slices were digitized at x10
magnification, resulting in multiple images being then preprocessed using custom-made MATLAB scripts
and assembled by TeraStitcher (https://abria.github.io/TeraStitcher/).
Results
For preliminary results, we identified 171 neurons using KARMENstudio, a fully automated machine-learning
based image processing platform for tracing dendritic trees. The method was further validated using a
semiautomated analysis of the open source image processing program ImageJ (https://imagej.nih.gov/ij/).
Pilot results revealed no significant difference of branching for the reference area between groups (hearing
and deaf) in both the semiautomated and automated method. The semiautomated method was slightly more
sensitive (identified more dendrites) but required substantially more processing time.
Analysis of the auditory areas with KARMENstudio showed a tendency for stronger branching in the deaf
auditory cortex and revealed differences in the branching properties for the secondary area dorsal zone (larger
dendrites and a higher number of branches). In addition, ordering of branches was analyzed, while treating
the apical dendrite as a continuous branch of first order. The initial comparison of NH and CDCs revealed a
larger number of second-order dendrites in AI and DZ of CDCs.
Conclusions
These data support the concept that neurons deprived of their adequate input reorganize their dendritic tree.
Since a previous study revealed dystrophic (thinner) layer V, it furthermore indicates that the dendritic tree of
pyramidal neurons does not contribute to this thinning.
Supported by National Science Foundation (NSF) and Germany Federal Ministry of Education and Research
(BMBF) in collaboration with DLR (#01GQ1703) and German Research Association (DFG) (EXC 2177).
T8. Assessing the Effects of Masked Speech in Narrative Listening Using Neuroimaging
Auditory Cortex: Human Studies
Aysha Motala*1, Björn Herrmann2, Ingrid Johnsrude1
1
University of Western Ontario, 2Rotman Research Institute
Background
In everyday life, spoken language is personally meaningful, follows a narrative and engages the listener. In
contrast, clinical tests of speech present individuals with isolated sentences that may fail to engage the listener
and capture their attention. These tests focus on speech intelligibility (words reported correctly) rather than
the listening effort experienced by the individual. To measure realistic listening effort, we should ensure
genuine listener engagement, and for this reason we employed narratives in the form of interesting spoken
stories. Here, we used functional magnetic resonance imaging (fMRI) and masked such stories with twelvetalker babble, to identify brain regions recruited when listening is effortful.
Methods
We recruited 44 young (18-35year old) native, English-speaking participants with normal hearing thresholds.
They listened to 3 different spoken stories from ‘The Moth’ podcast (https://themoth.org) ranging in length
from 8-14 minutes. Each story was masked by 12-talker babble at five different signal-to-noise ratios (SNRs)
(either clear, +14, +9, +4 and -1 dB). Participants heard each story continuously while the SNR changed
pseudo-randomly every 30 seconds (with a 2.5 sec transitional ramp between noise conditions). The same
SNR was never presented twice in a row. Participants then answered comprehension questions on story
content, responding to these questions by either answering ‘yes’ or ‘no’ via a button press within the scanner.
Results
Preliminary imaging results indicate overall increased cingulo-opercular network activity when participants
listen to acoustically degraded challenging segments of speech compared to the clearer segments of the
narratives, consistent with previous work, and with recruitment of the cognitive control system to aid in
comprehension of degraded speech.
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Conclusions
Listening to actively engaging narratives has been found to drive highly synchronised brain activity, with the
extent of synchronisation – measured as voxel-wise intersubject correlation (ISC) - depending on the degree
of engagement. ISC is highly stereotyped across listeners within a region, but differs across brain regions,
reflecting regional functional specialization. This approach becomes especially powerful when exploring
dynamic naturalistic scenarios – such as storytelling that occurs over several minutes. Preliminary ISC
analyses of our data reveals synchronization bilaterally in temporal and frontal cortex: Further analysis will
parcellate these regions into functionally distinguishable networks as a first step to identifying cognitive
resources recruited during effortful listening.
T9. Simultaneous Auditory Agnosia: Systematic Description of a New Type of Auditory Segregation
Deficit Following a Right Hemisphere Lesion
Auditory Cortex: Human Studies
Emma Holmes*1, Nattawan Utoomprurkporn1, Chandrashekar Hoskote1, Jason Warren1, Doris-Eva Bamiou1,
Timothy Griffiths2
1
UCL, 2Newcastle University
Background
In our everyday lives, we are often in environments that contain multiple competing sounds—from the sound
of someone’s voice in a noisy café, to a violin melody that emerges from a large orchestra. The auditory
system faces the challenge of parsing these sounds, so that we can focus on the voice of a particular person or
a particular melody that we wish to hear out. Yet, we do not fully understand which brain regions are required
to carry out these processes.
Methods
We investigated auditory processing in a rare case of a young patient who experienced a single embolus
causing an infarct in the right middle cerebral artery territory. This led to damage to auditory cortex including
planum temporale that spared medial Heschl’s gyrus and included damage to the posterior insula and inferior
parietal lobule. She subsequently reported difficulty listening in environments containing multiple sounds,
such as understanding speech in noisy places and picking out melodies in music.
Results
Clinical tests showed no evidence for abnormal cochlear function. Follow-up tests confirmed difficulties with
auditory segregation in her left ear that spanned multiple domains, including words-in-noise and music
streaming. Testing with a stochastic figure-ground task—a way of estimating generic acoustic foreground and
background segregation—demonstrated that this was also abnormal.
Conclusions
This is the first demonstration of an acquired deficit in the segregation of complex acoustic patterns due to
cortical damage, which we argue is a causal explanation for the symptomatic deficits in the segregation of
speech and music. These symptoms are analogous to the visual symptom of simultaneous agnosia. Consistent
with functional imaging studies on normal listeners, the work implicates non-primary auditory cortex. Further,
the work demonstrates a (partial) lateralisation of the necessary anatomical substrate for segregation that has
not been previously highlighted.
T10. Sensorineural Hearing Loss in a Mouse Model of Neurofibromatosis Type 2 is Associated With
Auditory Synaptopathy
Auditory Nerve
Judith Kempfle*1, Andrea Zhang1, Richard Kuang1, Konstantina Stankovic1, D. Bradley Welling1, David
Jung1
1
Harvard Medical School
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Background
Merlin, also known as neurofibromatosis type 2 (NF2), is a major tumor suppressor gene, and its loss leads to
development of Schwann cell tumors along the vestibular nerves. Although schwannomas are considered
benign tumors, morbidity in affected patients can significantly impact their quality of life, and is typically
associated with progressive sensorineural hearing loss (SNHL). The etiology of the hearing loss remains to be
fully understood.
In this study, we examined a Periostin Cre; Nf2flox/flox mouse model for NF2 to investigate a possible
underlying cochlear NF2 phenotype.
Methods
Periostin Cre; Nf2flox/flox mice or Nf2flox/flox littermate controls with FVB/NJ background were aged up
to 10 months. We performed serial measurements of auditory brainstem responses (ABR) to monitor spiral
ganglion neuron (SGN) function. Knockout animals and respective control littermates were sacrificed when
the knockout animal displayed severe SNHL, and tissue was processed for immunohistochemistry and
cochlear whole mount analysis.
Frozen sections of diseased and control animals were stained for glial markers (MBP, Sox10, Sox2 and S100)
or neuronal markers (β III tubulin, neurofilament). Schwann cells and neurons were imaged with confocal
microscopy and quantitative analysis was performed per 100 µm area in Rosenthal’s canal, Scarpa’s ganglion,
and the auditory nerve trunk on serial sections. Cochlear whole mounts were stained for presynaptic CtBP2
and postsynaptic GluR2, imaged with confocal microscopy, and synapses were counted using AMIRA
software.
Results
At 10 months of age, ABR demonstrated significant hearing loss in all Periostin Cre; Nf2flox/flox mice
compared to control mice. Only a subset of animals demonstrated vestibular schwannoma formation.
However, all knockout animals displayed increased proliferation of glial cells within the cochlea, which was
associated with SGN demyelination and increased loss of ribbon synapses compared to littermate controls.
These findings were observed to a lesser degree in knockout mice without frank tumor formation and were
more prominent in animals that had already developed vestibular schwannomas, suggesting a fluid progression
of this phenotype.
Conclusions
In this preliminary study, we demonstrate that the Periostin Cre; Nf2flox/flox mouse model displays a cochlear
phenotype that includes loss of auditory synapses, which may in part explain the sensorineural hearing loss in
patients with vestibular schwannomas.
T11. Estimation of Cochlear Excitation Patterns Using a Model of Forward-Masked Compound
Action Potentials
Auditory Nerve
Francois Deloche*1, Michael Heinz1
1
Purdue University
Background
The masking of a probe signal during electrocochleography recordings can reveal place-specific contributions
of auditory nerve fibers to the compound action potential (CAP). This principle has been used to estimate
fundamental properties of the peripheral auditory system in animal models and in humans, such as the
relationship between latencies and center frequencies, or the frequency selectivity of the cochlea. The current
project aims to take full advantage of the masking paradigm by accounting for the masked fibers in a
convolution model of the CAP.
Methods
The goal of the proposed model is to estimate the cochlear excitation patterns of masking signals by evaluating
their influence on the compound action potential. The probe signal is a click, presented in a forward-masking
setting, and the maskers are various types of Gaussian noise, including narrow-band noise with different
bandwidths and sound intensity levels. The model is primarily based on the determination of the amount of
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masking as a function of place-specific response intensity. The associated mathematical framework is a blind
deconvolution problem, and its resolution is facilitated by the linear constraints imposed by the masking
conditions. The main unknowns are the latencies associated with each center frequency and the frequency
tuning of the cochlea, which can be estimated together by minimizing the model error.
Results
A proof of concept was established using simulations of auditory nerve spikes and prior data on masked CAPs
available in the literature. The quality factor and the latencies were successfully estimated in a simplified
setting of tuning and unitary responses independent of center frequency.
The model was then applied to click-evoked CAPs recorded at the round window of anesthetized chinchillas
in the presence of a large number of masking conditions. The estimation of cochlear excitation patterns from
real data is more challenging, especially due to the compressive nonlinearities of the cochlea that need to be
incorporated into the model. Preliminary results show the suitability of the method to physiological recordings.
Conclusions
The forward-masking paradigm leads to more accurate estimations of cochlear excitation patterns than
previous CAP deconvolution methods, without any prior assumption on latencies or unitary response. The
proposed technique could become a valuable tool for investigating the compound response of auditory nerve
fibers to complex sounds, a challenging problem in the auditory field.
T12. Simulation of Electrical Excitation Patterns With Degenerated Auditory Nerve Fibers
Auditory Nerve
Albert Croner*1, Amirreza Heshmat2, Lejo Johnson Chacko2, Rudolf Glueckert2, Anneliese Schrott-Fischer2,
Werner Hemmert1, Siwei Bai1
1
Technical University of Munich, 2Medical University Innsbruck
Background
In cochlear implant recipients, retrograde degeneration of auditory nerve fibers (ANFs) has been
demonstrated. Therefore, studies that modelled the effects of degeneration partially removed the peripheral
processes. Recent experimental observations in our laboratory show that degenerated ANFs manifested also
a reduced diameter in their peripheral processes.
Methods
We simulated a population of 400 ANFs inside a 3D implanted cochlear model. Biphasic (cathodic-phasefirst) pulses were delivered from one of the twelve pairs of electrode contacts in the array, with the reference
electrode on the skull. ANFs were modelled as in Rattay et al., 2013. Three variations of the ANF population
were simulated: (A) ANFs with full peripheral processes (before degeneration) (B) degenerated ANFs,
peripheral processes removed (C) degenerated ANFs, peripheral processes with a smaller diameter but original
length. Firing characteristics of the ANF population were investigated.
Results
Compared to undegenerated ANFs, increased thresholds were found in general with the degenerated
populations, except with a couple of basal and apical stimulating electrodes, variation C exhibited a lower
threshold than A. Thresholds for C were always lower than those for B, but differences were smaller than 1
dB. Similarly, a comparable dynamic range was found for both degenerated variations, and it was generally
smaller than its undegenerated counterpart. In terms of the AP initiation sites, in contrast to the undegenerated
population, the degenerated variations demonstrated more pronounced cross-turn activation as well as a higher
number of central-process activation. APs were generated at similar stimulus levels for both degenerated
populations; for B most APs were initiated in the soma, whereas for C the majority were triggered in the
peripheral process directly before the soma.
Conclusions
In conclusion, neuronal excitation patterns to electrical stimulation exhibit similar traits between the two ways
of modelling ANF degeneration. ANFs without peripheral processes may be considered as an extreme case of
ANFs with very thin peripheral processes. Both modelling variations show degeneration of the peripheral
processes causes rising thresholds and stronger cross-turn stimulation, which both degrade the performance
of CIs.
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T13. Loss of CX3CR1 Alters Synaptic and Astrocytic Proteins, Size Gradients, and Response
Latencies in the Auditory Brainstem
Auditory Pathways: Brainstem
Sima Chokr*1, Giedre Milinkeviciute1, Emily Castro1, Karina Cramer1
1
University of California
Background
Neural circuitry in the auditory brainstem uses specialized synapses that contribute so sound localization. The
development of these circuits relies on glial function. In our previous study, we demonstrated that postnatal
depletion of microglia led to impaired synaptic pruning of the calyx of Held, a large encapsulating synapse
that terminates on neurons of the medial nucleus of the trapezoid body (MNTB). Microglia depletion also
resulted in a decrease in expression of glial fibrillary acidic protein (GFAP), a marker of mature astrocytes.
Neuron-microglia communication occurs through the fractalkine receptor (CX3CR1), which is expressed by
microglia. CX3CR1 is required for synapse elimination in the barrel cortex and hippocampus. However,
CX3CR1 is not required for synaptic pruning or plasticity during lateral geniculate and visual cortex
development, reflecting the heterogeneity of microglia and their roles during circuit formation. We tested the
role of this signaling pathway in the auditory brainstem.
Methods
We studied CX3CR1-/- and wild type mice before and just after hearing onset and at 9 weeks of age. To test
whether CX3CR1 mutation affects synapse elimination and astrocyte maturation in the MNTB, we examined
innervation levels of MNTB principal cells and immunolabeled for synaptic and astrocytic proteins. Tonotopic
size gradients of MNTB principal cells and calyces were examined with confocal imaging and Imaris software
using Nissl stain and rhodamine dye labeling techniques, respectively. Auditory brainstem recordings (ABRs)
were tested at 9 weeks in response to click and pure tone stimuli.
Results
In contrast with microglia elimination, GFAP levels were significantly increased in the MNTB in CX3CR1/- mutants, and calyceal pruning was unaffected. However, we found an increase in expression of the
glycinergic synaptic marker GlyT2 in mutant mice at postnatal day 14, suggesting an effect on maturation and
pruning of inhibitory inputs. In addition, we observed disrupted tonotopic gradients of neuron and calyx size
in MNTB in mutant mice. ABRs revealed that CX3CR1-/- mice had normal thresholds and amplitudes, but
decreased latencies and inter-peak latencies, particularly for the highest frequencies.
Conclusions
These results demonstrate that disruption of fractalkine signaling has a significant effect on auditory brainstem
development. Our findings highlight the importance of neuron-microglia-astrocyte communication in pruning
of inhibitory synapses and establishment of tonotopic gradients early in development.
T14. Local Targets of T Stellate Cells in the Ventral Cochlear Nuclei
Auditory Pathways: Brainstem
Philip Smith1, Lin Lin*1, Jay Campbell1, Donata Oertel1
1
Dept. of Neuroscience
Background
T Stellate cells project to the ipsilateral dorsal cochlear nucleus and lateral superior olive, and to the
contralateral ventral nucleus of the trapezoid body, ventral nucleus of the lateral lemniscus, inferior colliculus
(IC), and thalamus, forming an important ascending pathway conveying spectral information. Axon collaterals
of T stellate cells also terminate locally in the ventral cochlear nuclei, typically within their own isofrequency
lamina (Oertel et al, 1990). Electrophysiological studies revealed two potential targets of local T stellate
collaterals: 1) T stellates interconnected with other T stellate cells through nitric oxide-mediated potentiable,
glutamatergic synapses (Cao et al, 2019) and 2) T stellates as the source of excitatory inputs to L stellate cells,
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a novel class of small glycinergic interneuron in the ventral cochlear nuclei (Ngodup et al., 2020). Direct
histological evidence for the synaptic connections is still missing.
Methods
Here, we investigate the synaptic connections between local collaterals of T stellate cells in the ventral
cochlear nuclei and their targets using light and electron microscopy.
We either injected Cre-recombinase expressing retrograde-AAV (rAAV2-retro-Cre) into the IC of Ai14
reporter mice expressing Cre-dependent tdTomato, or biotinylated dextran amine (BDA, mw 3,000) into the
IC of CBA/CaJ mice, to label T stellate cells in the contralateral ventral cochlear nuclei. Synapses were
identified with VGLUT2 and PSD-95 antibodies and visualized using a confocal or transmission electron
microscope.
Results
VGLUT2 positive puncta of tdTomato-expressing T stellate cells were found apposed to the soma and
dendrites of other tdTomato-expressing T stellate cells. The co-localization of VGLUT2 in the presynaptic
swelling and PSD-95 in the post-synaptic structure suggested direct synaptic connections between T stellate
cells. We also conducted immunofluorescence staining of glycine and observed VGLUT2 positive puncta of
tdTomato-expressing T stellate cells apposed to small glycinergic neurons. The small soma size (length of
longest axis =12.3 microns, n=3) indicated that these were not large glycinergic D stellate cells, but the
recently discovered L stellate cell.
Conclusions
In conclusion, our observations suggest that T stellate cells have synaptic connections with other T stellate
cells as well as the local inhibitory L stellate cells.
This work is supported by a grant from NIH R01DC016861.
T15. Contralateral Noise Masking Effects in the Ventral Cochlear Nucleus Measured With MassPotential and Single-Unit Recordings
Auditory Pathways: Brainstem
Meike Schaper1, Thomas Kuenzel*1
1
Institute for Biology 2, RWTH Aachen University
Background
Euronal processing by bushy cells in the ventral cochlear nucleus is dominated by powerful ascending
excitatory inputs from the auditory nerve. Nevertheless, inhibitory and other inputs contribute to modulate the
input-output functions of these cells. It is not entirely clear in which listening conditions these secondary
inputs would play a role in VCN processing. Investigating these connections with sound stimuli in the intact
animal is difficult. Anatomical studies and prior physiological works however suggest that some of these
modulatory inputs could be also driven by contralateral activity.
Methods
We thus used a contralateral forward masking paradigm where a 50 ms, 70 dB SPL noise masker presented in
the contralateral ear precedes tonal or broadband stimuli presented to the ipsilateral ear by 2 ms. We recorded
panoramic mass potential activity of the auditory pathway using auditory brainstem recordings. In these data
we investigated the effects on early (peripheral), middle (cochlear nucleus) and later waves differentially.
ABR thresholds and identity of wave components were determined by unbiased, automated procedures for
control vs. masking conditions. Subsequently, we recorded juxtacellular single-unit activity of bushy cells in
the anteroventral part of the cochlear nucleus using a lateral approach.
Results
We found that contralateral forward masking significantly elevates ABR signal threshold by 16.5 dB SPL (1.5
+/- 7.9 vs. 18.0 +/- 13.1 dB SPL, n=15 animals). Thresholds for detection of individual waves were on average
higher but similarly elevated (elevated by 17.5 +/- 1.5 dB SPL). Wave amplitudes and latencies for early and
middle waves were smaller and delayed but these differences vanished with increasing signal levels. However,
middle wave amplitudes for stimuli close to threshold were relatively less affected, resulting in a significantly
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changed wave I/III ratio in the masked condition. Later ABR waves were differentially impacted: they were
smaller and delayed in all conditions regardless of signal-to-masker ratio.
Surprisingly, the overall effects of contralateral forward masking measured with single-unit recordings of
bushy cells was much weaker (<5 dB SPL threshold elevation). However, for stimulus conditions 5-15 dB
SPL above threshold an increase in vectorstrength was seen in the forward masking conditions (n = 4 units).
Conclusions
We conclude from the mass potential recordings that a modulatory effect of contralateral masking stimuli on
activity close to threshold is present in the VCN, which seems however superimposed on a much stronger
peripheral effect.
The preliminary single-unit results and the conclusions drawn from our ABR experiments support the
hypothesis that modulatory influences on VCN neurons play a role in processing stimuli close to threshold in
noisy conditions.
T16. Mechanisms of Direction Selectivity to Frequency-Modulated Sounds in Octopus Cells of Gerbils
Auditory Pathways: Brainstem
Hsin-Wei Lu*1, Philip Smith2, Philip Joris1
1
KU Leuven, 2University of Wisconsin
Background
Octopus cells in the mammalian posteroventral cochlear nucleus are considered coincidence detectors owing
to their ultrafast membrane time constant (~ 1 millisecond) and large number ( > 60) of auditory nerve inputs.
In vivo, they respond to broadband transients such as click trains with remarkably entrainment (one spike/click
up to 6-700 Hz with jitter < 0.1 ms). The “dendritic delay hypothesis” (McGinley et al 2012) proposes that
the synapses from auditory nerve fibers are arranged from low to high CF along the dendritic axis of octopus
cells, thereby compensating for the cochlear delay. We used frequency modulated (FM) sweeps at different
speeds and directions to test this hypothesis.
Methods
We use Schroeder harmonic complexes (Schroeder 1970) to generate linear FM sweeps (range: 0.3 - 30 kHz
/ ms). The speed and direction of the FM sweep is determined by phase curvature (c, from -1 to +1). At c=0,
the sweep is compressed to a click-like waveform; as c deviates from zero to ±1, the sweep becomes
proportionately longer in upward (c < 0) or downward (c > 0) direction. In vivo sharp and whole-cell patch
clamp recordings were performed on anesthetized Mongolian gerbils to obtain axonal spikes and intracellular
responses.
Results
We find that octopus cells not only reliably spike to click-like stimuli (c=0) but also to FM sweeps (c > 0 or c
< 0) in a sweep direction-dependent manner. About 30% of the cells show selectivity (spike rate contrast ratio
> 0.5) for upward sweeps, while ~70% favor downward sweeps. Such selectivity was not observed in the
auditory nerve (n = 64). All responses showed phase-locking to the fundamental frequency with high vector
strength (> 0.95). The time of spiking suggests that spikes are triggered by the same frequency regardless of
sweep direction and speeds. Intracellular recordings show that the cycle-averaged EPSP envelope changes
from a single narrow peak to a broader, multiple-peak pattern as c changes from zero to ±1. The multi-peak
EPSPs consist of a main large event followed or preceded by smaller ones, with the main EPSP typically
triggering a spike. These EPSPs phase lock to instantaneous frequencies and reverse their sequence as the
sweep direction changes. We found that the sequence of main and smaller EPSPs correlates with the spike
probability in response to an FM sweep: the probability is high / low when small events are absent / present
prior to the main EPSP, respectively. Our interpretation is that low-threshold potassium conductances are
activated by the smaller events prior to the main EPSP, thereby reducing the spike probability.
Conclusions
We conclude that octopus cells are not only broadband transient detectors but are also directionally-tuned, and
that intrinsic membrane properties underlie the direction selectivity.
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T17. Glutamatergic Inputs to Neurons in the Mouse Lateral Olivocochlear System
Auditory Pathways: Brainstem
Hui Hong*1, Larry Trussell1
1
Oregon Health and Science University,
Background
Auditory efferent systems play a crucial role in hearing. Nevertheless, our knowledge about the lateral
olivocochlear (LOC) system is poor, particularly regarding the synaptic inputs to LOC neurons. Previous
histological studies suggested that LOC neurons receive inputs from cochlear nucleus (CN). However, the
identities of the input neurons and the functional properties of their synapses are unknown. Here we report
that LOC neurons receive glutamatergic inputs that use AMPA receptors, but not NMDA receptors, from the
ipsilateral CN, and that T-stellate cells provide some or possibly most of these inputs. However, LOC neurons
also receive kainate receptor-mediated synaptic input from a yet unidentified source.
Methods
We crossed ChAT-IRES-Cre transgenic mice with a tdTomato reporter line. Cholinergic LOC neurons within
the lateral superior olive (LSO) were identified by red fluorescence. Channelrhodopsin-expressing adenoassociated virus (AAV) was injected at postnatal days 21-23. One-two weeks after the surgery, coronal brain
slices were harvested. Whole-cell patch-clamp and optogenetic experiments were conducted on LOC neurons.
Results
LOC neurons were spontaneously active in vitro. When an anterograde AAV was injected to the CN, light
flashes evoked excitatory postsynaptic currents (EPSCs) from the ipsilateral LOC neurons. These EPSCs
exhibited ~4.3 ms decay time constants and were blocked by GYKI, a selective AMPA receptor antagonist.
Their current-voltage relationships showed little inward rectification, suggesting calcium-impermeable
AMPA receptor subunits. These kinetic and permeability properties distinguish these responses from those of
medial olivocochlear (MOC) neurons. NMDA receptors did not appear to participate in transmission. In
response to a train of light stimulation with frequencies ranging from 5-20 Hz, LOC neurons exhibited shortterm depression. Depression was also observed when a stimulating electrode was used to excite fibers from
the CN.
Injection of a retrograde AAV into the inferior colliculus (IC) expressed channelrhodopsin in T-stellate cells
along with their collaterals in the contralateral CN. Light flashes to the LOC neurons contralateral to the
injection site evoke EPSCs with current-voltage relationships similar to those obtained above. This indicates
that T-stellate cells play a major role in the CN projection to the LOC. Surprisingly, we also observed a small,
GYKI-resistant EPSC with slower kinetics. The amplitude of this EPSC was more pronounced with higherfrequency stimulation. This current was blocked by NBQX, indicating that it was mediated by kainate
receptors. The synapses mediating the kainate receptor input did not originate from the CN or IC, because
injection of anterograde AAV to the IC did not result in EPSCs in the contralateral LOC.
Conclusions
We conclude that LOC neurons receive excitatory inputs from T-stellate cells in the CN and from a yet
unidentified brain region. These inputs were mediated by AMPA and kainate receptors, respectively. Future
research will be dedicated to identifying the source of the kainate receptor component.
T18. Responses to Categories of Social Vocalizations in the Mouse Inferior Colliculus
Auditory Pathways: Midbrain
Mahtab Tehrani*1, Sharad Shanbhag1, Jeffrey Wenstrup1
1
Northeast Ohio Medical University
Background
Subdivisions of the inferior colliculus (IC) are key elements in several circuits related to the analysis of social
vocalizations. In mice, previous work has concentrated on IC responses to ultrasonic vocalizations (USVs),
but several categories of non-USV calls, mostly broadband and lower frequency, are also important in mouse
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acoustic communication behavior. We explored the IC representation of both USV and non-USV vocal
signals, addressing three questions: 1) how does responsiveness to different vocal categories relate to
frequency tuning, 2) is there evidence of vocal selectivity beyond that related to frequency tuning, and 3) how
are vocal responses distributed across IC subdivisions.
Methods
In head-fixed, anesthetized adult CBA/CaJ mice (~4-8 months), we used multichannel probes to
extracellularly record single and multiunit responses to acoustic stimuli. Frequency tuning and sound level
responses were assessed using tones (4-90 kHz) and broad band noise (4-80 kHz) at 0-80 dB SPL. Recording
sites were then tested for responses to both pre-recorded and synthesized syllables containing a broad range
of spectral components.
Results
In general, IC single and multiunits responded to vocal signals with energy corresponding to their frequency
response areas. Sites tuned below 20 kHz responded to the non-USV calls only: the LFH call (fundamental 4
kHz), MFV call (fundamental ~9-15 kHz), and Noisy call (broad band >15 kHz). Sites tuned to 30-40 kHz
also responded to stepped USVs that contain frequencies below 50 kHz, but not to chevron or tonal USVs
limited to frequencies above 55 kHz. Only high frequency sites (>55 kHz) responded to chevron or tonal
USVs. However, several of these sites also responded to the non-USVs, due either to signal energy near the
peak of high frequency tuning curves or associated with the tails of these tuning curves. Thus, responses to
non-USVs were observed throughout IC, but USV responses were only found in higher frequency regions of
the central and external IC. Further, the more complex spectrotemporal structures of stepped USVs and noisy
calls were preserved in temporal response patterns within IC populations, including both excitatory and
suppressive responses.
Conclusions
These results indicate that information about a wide range of mouse vocal signals is present both in the
lemniscal projection to auditory thalamus and in non-lemniscal circuits through the medial auditory thalamus
to structures such as the amygdala. Future research will explore these representations in the higher order
structures of the auditory thalamus and the cortex, as well as the amygdala. These findings in normal-hearing
mice are key to evaluating changes in neural mechanisms underlying acoustic communication that occur in
mouse models of impaired auditory perception.
T19. Determining the Pattern of Commissural Projections of a Novel Inhibitory Cell Type in the
Mouse Inferior Colliculus
Auditory Pathways: Midbrain
Justin Anair*1, Pooyan Mirjalili2, Nichole Beebe2, Marina Silveira1, Audrey Drotos1, Brett Schofield2,
Michael Roberts1
1
University of Michigan 2Northeast Ohio Medical University
Background
The inferior colliculus (IC) is an important processing center located in the auditory midbrain, where it plays
an essential role in speech processing, sound localization, multisensory integration, and other auditory
functions. Despite these critical roles, the microcircuitry of the IC remains mostly unknown. One of the largest
and yet most poorly understood IC circuits is the commissure of the IC (CoIC), a dense fibral tract that
connects the left and right IC. The CoIC represents the last opportunity for bilateral integration of auditory
information before further processing in the auditory thalamus and auditory cortex. Classical studies using
retrograde tract-tracing have established that IC commissural projections are often homotopic, projecting to
the mirror image region of the contralateral IC. However, whether all commissural neurons, and in particular
inhibitory neurons which constitute ~20% of commissural neurons, follow this projection pattern remains
unknown, mainly because of the difficulty identifying specific cell types in the IC. We recently identified
Neuropeptide Y (NPY) neurons as the first molecularly identifiable GABAergic cell type in the IC. Thus, we
are in a position to map the distribution of IC commissural projections of a distinct inhibitory neuron type for
the first time.
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Methods
We are using retrograde tracing to determine how NPY neurons distribute their projections to the contralateral
IC. Injections of red Retrobeads (RB) or FluoroGold (FG) are made in the right IC of NPY-hrGFP mice, in
which NPY neurons express the fluorescent protein hrGFP. To test whether NPY neurons in different IC
subdivisions exhibit different projection patterns, we target injections to one of the three major subdivisions
of the IC: the central nucleus (ICc), dorsal cortex (ICd), and lateral cortex (IClc). After allowing 5 – 7 days
for retrograde transport, IC sections are prepared and imaged. The distribution of retrogradely labeled NPY
neurons in the left IC is then mapped and quantified using Neurolucida software.
Results
Large injections of RB showed that 11% ± 2% of the RB-labeled cells were NPY+, suggesting that NPY+
neurons comprise a large proportion of the inhibitory commissural projection. Using more focal injections,
our preliminary results suggest that injections into the ICc primarily label NPY neurons within isofrequency
laminae homotopic to the injection site. Sparse labeling of NPY neurons in the contralateral ICd and IClc was
also observed following ICc injections. In ongoing experiments, we are performing additional retrograde
tracer injections in the ICc and are also performing injections in the ICd and IClc.
Conclusions
The results of these experiments will enable us to determine the subdivision-dependent distribution of NPY
neuron commissural projections and will provide an anatomical foundation for understanding how a distinct
class of IC GABAergic neurons contributes to the binaural circuitry of the IC.
T20. Comparison of Dorsal vs Ventral Cochlear Nucleus Responses to Amplitude Modulated Pulse
Trains in a Mouse Model of the Auditory Brainstem Implant (ABI)
Auditory Prostheses
Stephen McInturff*1, Florent-Valery Coen2, Stéphanie Lacour2, Daniel Lee3, Christian Brown1
1
Massachusetts Eye and Ear Infirmary, 2EPFL, 3Harvard Medical School
Background
The auditory brainstem implant (ABI) electrically stimulates the cochlear nucleus (CN) and provides sound
sensations to patients with absent or damaged cochleae or cochlear nerves. Only rarely do ABI users achieve
open set speech recognition compared to CI users. Clinical studies have shown that human ABI subjects with
high sensitivity to AM pulse trains have better speech intelligibility (V. Colletti & Shannon, 2005). In previous
work we have explored the different characteristics of stimulation of the dorsal (DCN) and ventral cochlear
nucleus (VCN). We have demonstrated the inferior colliculus response to DCN stimulation, at low current
levels, consists of early responses only and at high current levels, additional late responses are recruited. For
VCN stimulation, only late responses are seen (McInturff et al 2018, 2019, 2020). In the following study, we
explore how each response component responds to amplitude modulated (AM) pulse trains. Understanding
how different response components encode AM stimulation will better inform surgeon which CN subdivision
should be targeted by the ABI array.
Methods
In anesthetized CBA/CaJ mice, a posterior fossa craniotomy was performed and a comfortable electrode arrays
(Vachicouras et al 2019 were positioned on the DCN or along the lateral surface VCN (in the cleft between
the CN and temporal bone). A low rate pulse train (20 pulses/s) was used to identify stimulation levels and
electrode array placements that elicited early, late, or early-and-late response components. Next, AM pulse
trains (carrier rate 250 pulses/s) at 0%, 33%, 66%, and 100% modulation depths were presented. Multi-unit
neural activity was recorded with a 16-channel recording probe (NeuroNexus) placed in the central nucleus
of the contralateral inferior colliculus. Vector strength (VS) was then calculated for each paradigm using the
methods described by Goldberg & Brown (1969).
Results
Preliminary results were obtained in five animals (3 DCN only, 1 VCN only, and 1 both DCN and VCN
successively). Low-level DCN stimulation, which elicited only early responses, had VS as low as the noise
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floor. High-level DCN stimulation, which elicited early and late responses, had moderate VS. VCN
stimulation, which elicited only late responses, showed the highest VS.
Conclusions
These results are consistent with the work by McCreery et al (2018), although they used penetrating ABI
electrode arrays to stimulate the VCN. Taken together, these results suggest that ABI placement on the VCN
elicits the highest AM sensitivity.
T21. Dexamethasone-Eluting Cochlear Implants Reduce Intracochlear Inflammation Following
Surgery
Auditory Prostheses
Timon Higgins*1, Brian Mostaert1, Rene Vielman Quevedo1, Muhammad Rahman1, Jonathon Kirk2, Marlan
Hansen1
1
University of Iowa Hospitals and Clinics, 2Cochlear Limited
Background
Cochlear implants (CIs) dramatically improve the lives of patients with significant hearing loss, and although
their technology is constantly improving, improvements continue to be limited by inflammation and the
foreign body response (FBR) that occurs within the cochlea following implantation of an electrode array
(Kamakura & Nadol, 2016). Although the FBR is a natural protective mechanism, this reaction can have
detrimental consequences for CI users, including increased impedances leading to decreased CI battery life,
delayed loss of residual acoustic hearing after hearing preservation CI, granulomatous reactions, or in rare
cases device extrusion (Scheperle, et al. 2017; Kopelovich, et al. 2014). Using a murine model for CI, this
study aims to explore the effects of adding a corticosteroid eluting element to the CI electrode array on
inflammation and the intracochlear FBR following implantation.
Methods
Adult CX3CR1-GFP; Thy1-YFP/C57Bl6 mice were unilaterally implanted with a 3-electrode array via a postauricular approach (Claussen et al. 2019). The left ear of the mice were implanted with either a
dexamethasone-eluting or a standard electrode array (HL03, Cochlear Limited, Australia). Mice were
sacrificed 21 days post-implantation and cochleae were harvested for immunohistochemistry with confocal
imaging. Image stacks were analyzed to determine the density of total cells (number of /unit volume), the
density of macrophages (CX3CR1-positive) and the ratio of macrophages to total cells (cellularity). Analysis
was done in three areas of interest in the mouse cochlea; the lateral wall, Rosenthal’s canal, and the scala
tympani. Age-matched, unimplanted mice served as controls alongside the unimplanted contralateral ears of
the dexamethasone-group mice.
Results
Cochleae implanted with the standard arrays presented a robust tissue response with significant invasion of
macrophages in the scala tympani proximal to the device, with limited tissue response in the mid and apical
turns and in the scala vestibuli and media. By contrast, cochleae implanted with dexamethasone-eluting
electrode arrays displayed a significant reduction in macrophage density and cellularity in the basal turn scala
tympani, Rosenthal’s canal, and lateral wall. The dexamethasone group also displayed a significant reduction
in macrophage cellularity and density in the basal turn lateral wall when compared to the contralateral
unimplanted cochleae. There was no significant difference in macrophage density or cellularity in scala
tympani or Rosenthal’s canal between the dexamethasone group and either the unimplanted contralateral
controls or cochleae from age-matched, non-surgical controls.
Conclusions
Corticosteroid-eluting implants significantly reduce intracochlear inflammation and fibrosis following
implantation of an electrode array in the mouse CI model. The macrophage and tissue response from cochleae
implanted with corticosteroid-eluting implants more closely resembled that seen in unimplanted cochleae than
cochleae implanted with standard arrays. Corticosteroid-eluting devices present a promising avenue for
reducing the foreign body response following cochlear implantation and potentially improving device
performance, outcomes and patient quality of life.
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T22. Combined Infralabyrinthine-Infracochlear Approach for Placement of a Novel Auditory Nerve
implant: Pilot Cadaveric Study
Auditory Prostheses
Douglas Chieffe*1, Steven A. Zuniga1, Abigail P. Heiller1, Inderbir S. Sondh1, Thomas Lenarz2, Amir Samii3,
Hubert H. Lim1, Meredith E. Adams1
1
University of Minnesota, , 2Hannover Medical School, 3International Neuroscience Institute
Background
Direct intraneural stimulation of the auditory nerve affords improved frequency representation and specificity
compared to contemporary intrascalar cochlear implantation. Development of an auditory nerve implant (ANI)
with penetrating electrodes is ongoing, utilizing a Utah Slanted Electrode Array (USEA, Blackrock
Microsystems) connected to a MED-EL SYNCHRONY 2 cochlear implant. An ideal approach would preserve
the vestibular labyrinth and spiral ganglion and permit auditory nerve implantation in a location that limits
current spread to vestibular and facial nerves. In order to facilitate effective USEA placement while limiting
morbidity, we aimed to (1) determine the optimal site of ANI insertion by reviewing the current and historical
literature regarding cochleovestibular nerve anatomy and, based on those results, (2) design and pilot a novel,
labyrinth-sparing approach to the internal auditory canal (IAC) for ANI insertion.
Methods
A comprehensive literature review pertaining to surgically relevant cochleovestibular nerve anatomy was
performed, emphasizing nerve branch points, segment diameters, and tonotopic organization, to select the
optimal nerve segment and orientation for implantation. Four lightly embalmed human cadaveric heads (8
ears) underwent high-resolution temporal bone computerized tomography (CT) before and after dissection.
Analyses of CT images allowed for interrogation of various surgical corridors to access the optimal nerve
segment and implant orientation. Two best candidate approaches to the IAC were selected for comparison: a
pure infralabyrinthine approach and a combined infracochlear-infralabyrinthine approach. Each was
performed on 4 separate ears. Following auditory nerve exposure, the USEA was implanted using a pneumatic
insertion piston. Measurements of the length of auditory nerve exposure and the angle of implantation were
recorded. Labyrinthine integrity and access corridors were assessed with post-procedural CTs.
Results
The reliable separation of cochlear and vestibular nerve fibers, in addition to the avoidance of spiral ganglion
cell injury, make the lateral intracanalicular auditory nerve segment superior to modiolar, medial
intracanalicular, and cisternal segments for implantation. The infralabyrinthine approach afforded access to
the IAC, but the posterior semicircular canal ampulla obstructed visualization of the lateral IAC and desired
auditory nerve segment, and access was dependent on jugular bulb height. The addition of an expanded
infracochlear corridor, incorporating a basal cochleotomy, best facilitated exposure of the desired segment of
the IAC even in the presence of a high jugular bulb. The USEA was successfully inserted using a pneumatic
insertion piston, without appreciable damage to the vestibular or facial nerves.
Conclusions
In this cadaver model, the combined infralabyrinthine-infracochlear approach afforded access to the lateral
intracanalicular auditory nerve, the ideal segment for insertion of a penetrating electrode array, without
violating the vestibular labyrinth. Following additional technical and surgical refinement, this approach may
one day be adapted by ANI surgeons seeking to restore hearing to individuals while preserving ipsilateral
vestibular function. Funded by NIH UG3NS107688.
T23. Evaluating Information Transmission Through a Cochlear Implant Using a Finite Element
Neural Activation Model and an Automatic Speech Recognition Neural Network
Auditory Prostheses
Tim Brochier*1, Tobias Goehring1, Iwan Roberts1, Chen Jiang1, Josef Schlittenlacher2, Manohar Bance1
1
University of Cambridge2, 2University of Manchester\
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Background
As acoustic information is encoded and transmitted by a cochlear implant (CI), spectral and temporal
information is degraded, affecting speech perception for CI users. In this study, we use a combination of
computational models and information theory to evaluate the degradation of speech information through a CI,
and to identify stimulation strategies that may improve speech perception for CI users.
Methods
The computational model of the auditory nerve was created by extending a single-fibre model (Joshi et al,
2017) to a population of nerve fibres distributed along the length of the cochlea. We fit the model to loudness
balancing data for monopolar and tripolar stimulation modes (Guérit et al, 2020), and validated the fit with
separate loudness balancing data for simultaneous stimulation of varying numbers of electrodes (Goehring et
al, 2020).
Using the FEM and neural model, we generated neural responses to stimulation sequences for a large
phoneme-labelled dataset of spoken sentences. These neural responses were then used to train and test an
ASR. Using confusion matrices generated by the ASR, we calculated the mutual information between the
ground truth and the ASR prediction.
We evaluated ASR accuracy and mutual information, modelling past experiments on the effects of number of
active electrodes (Schvartz-Leyzac et al, 2017; Friesen et al, 2001), blurring of adjacent electrodes (Goehring
et al, 2020), and deactivation of electrodes in regions of poor neural health (Garadat et al., 2013; Zhou, 2017;
Goehring et al., 2019). This analysis pipeline was also used to evaluate the reduction in mutual information at
different stages in the processing path for the CI.
Results
The ASR trained on spectrograms, electrodograms, electrodograms with current spread, and neurograms
obtained an accuracy of 79.7%, 76.7%, 75.2% and 61.19%, respectively, suggesting that the bottleneck of
information transmission through the CI was at the electrode-neural interface. In general, the ASR accuracies
showed similar patterns of results to CI listeners. ASR accuracy improved with increasing active electrodes,
up to approximately 12 electrodes, where accuracy plateaued. Comparatively, Schvartz-Leyzac et al (2017)
showed that speech perception plateaued at 16 active electrodes. Consistent with Goehring et al (2020),
blurring of adjacent electrodes caused a rapid decrease in speech perception when 4 or more electrodes were
blurred. Site-selection strategies did not provide any benefit in terms of mutual information.
Conclusions
An ASR analysis pipeline was used to evaluate information transmission through a CI. Model predictions
showed similar patterns of results to human CI listeners, indicating that the model may be a viable method for
testing processing strategies and optimising stimulation parameters prior to studies with CI listeners.
T24. The Relation Between Intrascalar Tissue Growth, Electrode Impedance and eCAP Measures in
Guinea Pigs With Chronically Implanted Electrode Arrays
Auditory Prostheses
Dyan Ramekers*1, Anat Bouwmeester1, Ferry Hendriksen1, Heval Benav2, Huib Versnel1
1
University Medical Center Utrecht, 2MED-EL
Background
Besides central auditory and cognitive factors, hearing outcome with cochlear implants (CIs) is generally
believed to depend on both neural and non-neural factors in the auditory periphery. Neural factors in the
cochlea are the number and morphology of the spiral ganglion cells (SGCs) composing the auditory nerve;
non-neural factors include electrode location, electrode-tissue impedance, and extent of fibrosis or ossification
in response to the inserted electrode array. The electrically evoked compound action potential (eCAP) is often
used to estimate the condition of the auditory nerve but is in turn believed to depend on the aforementioned
non-neural factors as well (e.g., Schvartz-Leyzac et al., 2020, J. Assoc. Res. Otolaryngol. 21: 259-275). Here
we study the interdependence of (1) intrascalar tissue growth, (2) electrode impedance, (3) auditory brainstem
responses (ABRs), and (4) eCAPs.
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Methods
In a retrospective study design, the data from 39 chronically implanted guinea pigs from two different studies
were used. All animals had a permanent 2- or 3-contact intracochlear electrode array provided by MED-EL
(Innsbruck, Austria). In one study the animals were implanted for 12 weeks, either normal hearing or 14 weeks
deaf, and the deafened animals were either treated with BDNF or sham-treated, using a mini-osmotic pump
(Ramekers et al., 2015, J. Neurosci. 35:12331-12345). In the second study, animals were implanted for 11
weeks; all were deafened 4 weeks after implantation, and approximately half of them received chronic
electrical stimulation (6 days/weeks, 12 hours/day) via their CI electrode during the last two weeks before
termination. eCAPs and impedances were recorded with a MED-EL RIB2 system controlled by MATLAB.
All electrophysiological data was collected at the end of the experimental period, just before termination and
histological processing of the cochlear tissue.
Results
Electrode impedances were significantly correlated to the extent of intrascalar tissue growth (i.e.,
fibrosis/ossification). For all these long-term chronically implanted animals, neither electrode impedance nor
extent of tissue growth was correlated with duration of deafness (which was 0, 7, or 14 weeks) or number of
SGCs. Functional measures derived from ABRs (thresholds) and eCAPs (absolute amplitude, threshold, slope;
and relative inter-phase gap effects on these measures) were unaffected by both electrode impedance and
tissue growth.
Conclusions
Electrode impedances significantly correlated with tissue growth in the scala tympani, confirming that
impedance measures are useful for clinical assessment. Tissue growth appeared to have a negligible effect on
CI performance as assessed by a wide range of eCAP measures, confirming previous findings by Swiderski
et al. (2020, J. Assoc. Res. Otolaryngol. 21: 337-352), and in line with recent evidence suggesting that
impedances are not related to speech understanding in CI users (Prenzler et al., 2020, Otol. Neurotol. 41:
e1029-e1034).
T25. A Study on Basic Characteristics of Distantly Presented Bone-Conducted Sounds in the AudibleFrequency Range
Auditory Prostheses
Hiromu Ishikawa*1, Sho Otsuka1, Seiji Nakagawa1
1
Chiba University
Background
High-frequency sound above 20,000 Hz can be perceived clearly via bone-conduction (BC). This “audible”
ultrasound through BC is referred to as bone-conducted ultrasound (BCU). BCU can be perceived even by the
profoundly sensorineural hearing-impaired and has been applied to a novel hearing aid (bone-conducted
ultrasonic hearing aid: BCUHA). Generally, in BC devices including BCUHA, it is necessary to press the
vibrator onto osseous parts of the head, such as the mastoid process of the temporal bone, which causes pain
and esthetic problems. In order to solve these problems, “distant presentation”, presentation of BC sound to
distal parts of the body (for example, the muscle of the neck, trunk and upper limbs) has been suggested. Our
Previous reports focused on the perception of distantly presented BCU and its application to a novel audiointerface, however, details of perception and propagation mechanisms remains unclear. In order to elucidate
the essential mechanism of BC sound presented to distant body parts, it is indispensable to investigate also in
the audible-frequency range. However, in the audible-frequency range, unlike the ultrasonic range, not only
BC sounds but also air-conducted (AC) sounds are perceived from the vibrator, and it is difficult to evaluate
the perception of only BC sound. Therefore, a limited number of studies have been conducted on distantly
presented BC sound in the audible-frequency range.
In this study, to examine the basic perceptual characteristic of distantly presented BC sound in the audiblefrequency range, hearing thresholds and difference limens for frequency (DLF) were measured with the AC
component insulated strongly.
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Methods
As the stimuli, 250, 500, 750, 1000, 2000, 3000, 4000 Hz tone-burst were used. The AC component was
insulated by wearing urethan earplugs, silicon earplugs, and an earmuff together. In hearing threshold
measurement, stimuli were presented to the mastoid process, muscle of the neck, clavicle and acromion.
Results
As results, hearing thresholds were increased as the stimulus placement got further from the head. In distal
parts, the increases of hearing thresholds based on the mastoid process were much higher than that of BCU.
In DLF measurement, stimuli were presented to the mastoid process, muscle of the neck and clavicle. There
were no increases in DLF depending on frequency increase in the all stimulus placements. The frequency
resolution in the mastoid process was equivalent to that of AC sound, and no significant differences were
observed between the mastoid process and the distal parts.
Conclusions
The results obtained indicate that BC sound can be clearly perceived at distal parts of the body even in the
audible-frequency range, whereas distance attenuation is occurred largely as compared to BCU. Additionally,
it is also suggested that no significant degradation of frequency information occurs in the propagation process
of BC sound in the body.
T26. The Silent Stream: A Simulation of Background-Music Reduction Using Wireless Audio
Streaming Technology
Auditory Prostheses
Alan Archer-Boyd*1, Charlotte Garcia1, Bradford Backus2, Matt Davis1, Robert P. Carlyon1, Tobias
Goehring1
1
University of Cambridge, 2Oticon Medical
Background
A complaint among hearing-device users is the level of background music in public and commercial spaces.
Many of these spaces now use streaming services and wireless loudspeaker systems to play music. The Silent
Stream simulates a novel combination of these services and systems with future hearing devices. Music being
streamed and transmitted to loudspeakers in a space can also be sent to the hearing device. This clean music
signal can then be filtered out of the microphone signal from the hearing device using an acoustic echocancellation method.
Methods
Dynamic spatial audio simulations of several different restaurant configurations were produced using the 3D
Tune-In toolkit software (Cuevas-Rodriguez et al., 2019), male and female talkers from the IEEE (York) and
BKB sentence corpuses, and a variety of background music styles. An unconstrained frequency domain
adaptive filter (FDAF) was used to filter out the background music. We analysed the main effects of, and
interactions between, the following effects: transmission delay, talker-to-music level ratio, reverberation,
talker and loudspeaker configuration relative to the listener, and listener movement. Attempts were made to
improve performance using a priori head position and movement information. Performance of the filter was
compared to an ideal ratio mask (IRM). Music level reduction was quantified using echo return loss
enhancement (ERLE). Estimates of speech intelligibility and the perceived quality of the signal after filtering
were obtained using the short-time objective intelligibility (STOI) and the perceptual evaluation of speech
(PESQ) measures, respectively.
Results
The Silent Stream produced a 10-15 dB reduction in the level of the music. After an initial adaptation period
of 5-10 seconds, the FDAF was found to perform comparably to the IRM in terms of ERLE when the head
was static, and during head movements (without a priori head movement information). Head movement of
30°-60° over 1-2 seconds could result in a 3-6 dB reduction in ERLE. Higher background music levels relative
to talkers resulted in a greater ERLE. The FDAF filter produced clear improvements in STOI and PESQ
relative to the unprocessed audio, but smaller than with the IRM. The effects of reverberation as well as the
talker and loudspeaker positions relative to the listener will be discussed.
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Conclusions
The Silent Stream is a realistic simulation of a novel use of wireless audio streaming technology that could be
implemented in real applications with current technology. Simulations have been used to investigate how the
algorithm would perform in different acoustic environments and produced predicted improvements in both
the intelligibility and perceptual quality of speech, indicating benefits for its application in hearing devices.
T27. Cochlear Implant: Mini Swine or Sheep? Such a Tricky Choice
Auditory Prostheses
Misty J Williams-Fritze1, Benny Muraj1, Amanda McSweeney1, Fernando Garcia-Polite1, Raffaele Melidone1,
Jonathon Kirk2, Cyrille Sage*3
1
CBSET, 2Cochlear Limited, 3Cilcare Inc
Background
Cochlear implants (CI) are a growing market currently valued at $1.67 billion and projected to grow
10.6%/year from 2020 to 2027 (Figure 1).
Since the first implantation in 1961, CI have undergone continuous technical improvements in sound
processing, requiring associated safety testing in animals. While small animals provide a cost-effective
preclinical model for assessing hearing, their anatomical dimensions are not representative of the human,
creating a need for large animal models.
Methods
We therefore investigated miniature swine and sheep as models for cochlear implantation using histology,
endoscopy and functional readouts. Histology revealed round window membrane thickness to be species
dependent, with the ovine anatomy more closely mimicking the human as compared to mini swine. As these
differences are irrelevant for CI studies, we developed species specific endoscopic guided surgical procedures
for accessing swine and ovine round windows.
Cochlear implantation was performed on 3 mini swine (5-10 kg) through a posterior mandibular approach
using the paracondylar process as the anatomical point of reference. The middle ear/round window was
accessed by drilling at the edge of the auditory canal at a 45˚ angle. Implantation was verified perioperatively
using CT scan (Figure 2).
Results
ABR recordings were performed at 5 frequencies (2, 4, 8, 12 and 16 kHz) pre-implantation (baseline), and 30,
60 and 90 days post-implantation using an in-house custom-made ABR system that, unlike standard ABR
systems, is sufficiently sensitive to acquire readouts from a standalone subcutaneous electrode. Evaluation of
the un-implanted ear showed no sign of hearing deficiency at D90 compare to baseline, whereas the implanted
ear showed a threshold shift of 40 to 50 dB at all frequencies.
Following necropsy, the implanted ear was processed for histopathology using resin embedding, microgrinding and eosin y-toluidine followed by pathologist assessment. No clearly visible inflammatory changes
or fibrosis were identified in the examined sections in any of the implanted cochlea. The un-implanted cochlea
were processed for cytocochleogram. Max projection images obtained from confocal scanning were fed to a
customized image processing program for an efficient hair cell count of the unusually large samples. No hair
cell loss was reported at the 5 frequencies tested during ABR (Figure 3) confirming the absence of processing
artifacts.
Conclusions
Taken together, these studies provide the methodology for a cochlear implantation in mini swine, from imageguided surgery, through functional readouts and down to immunohistochemical endpoint readouts such as
inflammation and cell death. This methodology can be adapted to sheep, with some preliminary results already
in place.
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T28. Comparison of Tissue Growth in Mouse and Guinea Pig Ears After Cochlear Implant Surgery
Auditory Prostheses
Donald Swiderski*1, Deborah Colesa1, Lisa Beyer1, Jenna Devare1, Yehoash Raphael1, Bryan Pfingst1
1
University of Michigan
Background
The cochlear implant (CI) is a highly successful neural prosthesis, but there is room for improvement. One
possible target for improvement is the tissue filling the scala tympani (ST) of many subjects, which is thought
to impair both implant function and preserved residual acoustic hearing. Injuries incurred during surgery and
the implant’s foreign material are hypothesized to induce development of this tissue. We are analyzing the
ST-filling tissue in mice and guinea pigs that received CIs, to understand the need, and potential mechanisms,
for controlling it.
Methods
Guinea pigs were implanted after deafening with neomycin or implanted in non-deafened ears. Some deafened
subjects also received neurotrophin treatment by viral vector to preserve spiral ganglion neurons (SGNs).
Most subjects were maintained for hearing studies lasting over a year. All implants were inserted through a
cochleostomy in the basal turn.
Mice included wildtypes from multiple strains, and transgenic mice with the human diphtheria toxin (DT)
receptor gene expressed in hair cells (DTR mice). A subset of the latter group was deafened by DT injection
prior to implantation. The mice were maintained for hearing studies for a shorter period than the guinea pigs
(usually < 60 days). All implants were inserted through the round window membrane.
For histological analyses, cochleae were decalcified, embedded and sectioned; then stained with toluidine blue
to visualize cells and extracellular matrix.
Results
Guinea pigs exhibited wide variation in the amount of tissue in ST, from minimal tissue to a ST filled with
bone. In some subjects, ST was filled with soft fibrous tissue except for a small space adjacent to the basilar
membrane. In other cases, bone intruded on the basilar membrane or occluded the osseous spiral lamina even
though the implant remained in the ST. Although the tissue’s density suggests it could impede current flow
and increase its spread, functional tests indicate SGN survival is a more important predictor of perception.
Mice also exhibited wide variation in degree of ST filling; but the soft tissue was typically denser than in
guinea pigs. Bone was present occasionally, but seldom filled the ST. No mice had a small tissue-free space
adjacent to the basilar membrane like that seen in some guinea pigs.
Conclusions
In most deafened subjects of both species, the ST was completely or nearly completely filled with dense
material. These high levels were less frequent in non-deafened subjects, suggesting regions with preserved
hearing may experience less severe effects. Although tissue properties differ between species, our results
demonstrate mice can be used to understand fundamental processes elicited by CI implantation, availing
researchers of the many genetic tools developed to study immunological processes in this species.
Support: NIH NIDCD R01-DC015809 and T32-DC005356
T29. Convergence of Auditory Nerve Fibers Onto Globular Bushy Cells
Binaural Hearing & Sound Localization
Matthew Kersting*1, Matthew Melton1, Carolyna Pinto1, Sean Carr1, Jacob Yarinski1, Mark Ellisman2, Paul
Manis3, George Spirou1
1
University of South Florida, 2University of California, San Diego, 3University of North Carolina
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Background
Globular bushy cells (GBCs) are well-studied neurons in the ventral cochlear nucleus that are specialized to
represent the temporal features of sound. Multiple auditory nerve fibers are known to synapse onto a single
GBC, but the average number, sizes, and physiological effects of these inputs have not been systematically
investigated in adult mice. This information is necessary to construct a more comprehensive understanding of
the neural encoding that is relevant to binaural hearing since GBCs form an important part of binaural
convergence pathways in the lower auditory system.
Methods
Here, Serial Block-Face Scanning Electron Microscopy was employed to gain a high-resolution, unbiased
look at the auditory inputs contacting GBCs. Specifically, 21 GBCs and all their large inputs were
reconstructed at nanometer resolution. To produce the most precise results, we carefully reconstructed these
terminals and implemented cutting-edge meshing algorithms.
Results
We found that a range of 5 – 12 large auditory nerve inputs converge onto each GBC, which is higher than
previously reported estimates. GBCs are thought to follow a coincidence detection model of innervation where
multiple subthreshold inputs drive the cell’s activity. This innervation pattern was observed for some of the
reconstructed GBCs, while other cells had a distinctly large and dominant input.
Conclusions
Thus, we conclude that there are two models of GBC innervation, i.e., a mixed model (1 or 2 suprathreshold
inputs and multiple subthreshold) and a coincidence detection model (all subthreshold inputs). A GBC
computational model, which incorporated input sizes, somatic/dendritic surface areas, and dendritic branching
patterns confirmed the presence of the two innervation models. Furthermore, this modeling showed that input
size is an important mediator of the sub to suprathreshold transition. We also present novel discoveries about
GBC dendritic structure and explore their functional significance through computational modeling.
T30. Comparison of Motor Response Outcomes Between Eye Saccade and Button Pushing in
Multisensory Localization Tasks
Binaural Hearing & Sound Localization
Colton Clayton*1, Yi Zhou1
1
Arizona State University
Background
Establishing a spatial representation of the environment requires the integration of information from multiple
sensory inputs to guide action. An integrated representation is critical to increasing the speed and accuracy of
motor responses. Sound source localization is an excellent example that manifests this multisensory strategy.
Historically, a variety of motor responses have been used to study how accurately a listener can localize a
sound source. Two widely used responses are: (1) orienting responses based on eye-, head-, or body-centered
reference frames, and (2) matching responses based on an internal, inferred reference frame, such as pushing
a button on a graphic interface. Since these responses often involve different sensorimotor systems and thus
different spatial reference frames, it is difficult to interpret individual variability in speed and accuracy
observed in results. The present study is designed to understand the differences and similarities between these
two motor responses in interpreting the results of the same localization task.
Methods
Experiments used timing-based stereophony to render horizontal directions of brief noise bursts (15 ms in
duration, 65 dB SPL) in range of +/- 45 degrees (Montagne and Zhou, 2016). Thirty-six normal-hearing
listeners participated in this study. Listeners were tasked with localizing a sound source by either making a
saccadic eye movement toward the perceived sound source location or pushing a button on a graphic interface
with a preset layout to mark the relative perceived position of the sound source. We measured both response
accuracy and response time of eye saccade and button-pushing responses and evaluated the changes in both
metrics when a sound stimulus was accompanied by a visual LED light.
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Results
Button-pushing results showed that as the uncertainty in auditory responses increased, visual stimulation
further decreased response accuracy and shifted the perceived sound location towards that of the LED light.
However, no significant pattern was observed in the listener’s response time and visual stimulation either
speeded or delayed the listener’s responses. Eye saccade results revealed a similar trend in response accuracy
and effects of visual stimulation. However, saccade response time revealed two significant patterns not seen
in button-pushing results, showing (1) increased response time for listeners who were less susceptible to visual
dominance and (2) decreased response time for listeners who were more susceptible to visual dominance.
Conclusions
Eye saccade and button pushing are inherently different motor responses from each other, with the first
representing a more reflexive, natural orienting behavior and the second representing a more complex,
multistage sensorimotor process. Our results show that while both responses could capture changes in response
accuracy, saccade responses provide additional information about changes in processing time due to visual
stimulation. These differences may provide insights into potential sources of individual variability seen in
multisensory localization tasks.
T31. Sustained Changes in Electrophysiological and Behavioral Measures of Spatial Processing in a
Nonhuman Primate Model of Cochlear Synaptopathy
Binaural Hearing & Sound Localization
Chase Mackey*1, John Peacock2, Monica Benson2, Leslie Liberman3, Michelle Valero3, Charles Liberman3,
Troy Hackett4, Daniel Tollin2, Ramnarayan Ramachandran4
1
Vanderbilt University, 2University of Colorado School of Medicine, 3Mass. Eye and Ear, 4Vanderbilt
University Medical Center
Background
A common complaint in audiology clinics is difficulty understanding speech in noisy environments, despite
normal audiometric thresholds. These deficits are often termed “hidden hearing loss,” for which cochlear
synaptopathy is a possible explanation. Synaptopathy reduces the number of auditory nerve fibers, and the
input to the auditory system as indexed by reduced Wave I amplitude of the auditory brainstem response
(ABR). Synaptopathy is suspected to cause changes in central inhibition, important in encoding spatial and
temporal information. Humans with hidden hearing loss have deficits associated with spatial and temporal
processing. However, there are few reports knitting together these lines of evidence by showing deficits in
perceptual or electrophysiological measures of binaural processing in animal models that permit histological
verification of cochlear synaptopathy. To bridge this gap, and to develop non-invasive markers of cochlear
synaptopathy, we assessed electrophysiological and behavioral measures of binaural/spatial processing in
macaques before and after noise exposure known to cause cochlear synaptopathy.
Methods
Four nonhuman primates (Macaca mulatta) were trained in a reaction-time Go/No-Go masked tone detection
task and used in studies of spatial release of masking (SRM). The masker was continuous broadband noise at
76 dB SPL. Target stimuli were 200 ms tones (frequency = 1, 2, 2.828, 4, 5.656, 8, 16 and 32 kHz). The spatial
location of the masker was varied from 0-90° azimuthal separation relative to the tone in 22.5° steps. The
SRM was assessed as the difference in tone detection threshold when the tone and noise were spatially
separated relative to the colocalized (0°) condition. In eleven anesthetized monkeys (including 3/4 of the
behavior group) the binaural interaction component (BIC) of the ABR was recorded in response to 90 dB SPL
clicks with varying interaural time differences from -1.5-1.5 ms, 0.5 ms steps using an apex/nape electrode
montage. Behavioral subjects were then exposed to a 120 dB SPL, 2-4 kHz octave band noise for 4 hours
under anesthesia. Temporary threshold shift (TTS) was characterized behaviorally and via distortion product
otoacoustic emissions (DPOAEs).
Results
Spatial separation of tone and noise caused a SRM relative to the colocalized condition. SRM was larger at
higher tone frequencies and increased linearly with spatial separation between tone and masker. Following
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noise exposure, and recovery from TTS, SRM was reduced by ~6-10 dB at frequencies proximal to the noise
exposure band in all macaques tested, despite normal audiological thresholds. These deficits increased with
time post exposure. Noise exposure also reduced the amplitude and increased the latency of the BIC.
Conclusions
Ongoing histological analyses will reveal the strength of the correlations between synaptopathy and these
perceptual and electrophysiological measures of binaural processing. See companion posters by Burton et al.
and Feller et al.
T32. Systematic Single Cell RNAseq Analysis of Adult Mouse Organs of Corti Reveals Unique
Transcriptional Identities of Atoh1-Mediated Hair Cell Conversion
Cellular/Systems Development
Shu Tu*1, Jian Zuo1
1
Creighton University School of Medicine
Background
During development, sensory hair cell fate and maturation are governed by transcription factors and their
associated cofactors, working together to regulate target gene expression. Cataloguing the temporal dynamics
of regulatory gene sets during hair cell development has become a key to understanding not only the pathology
of hearing loss but also hair cell regeneration for restoration of hearing. Efforts have been made to understand
what transcription factors are critical in this regenerating process. Traditional methods of identifying the
functional genes have focused on screening differentially expressed genes, with limited attention to gene-gene
connections. By using newly developed computational tools (Scanpy, WGCNA, and SCENIC- Single-Cell
rEgulatory Network Inference and Clustering), here we have re-analysed the published single cell RNA seq
datasets of adult mouse cochleae during Atoh1-mediated hair cell conversion in vivo (Yamashita et al., PLoS
Genetics 2018) and identified a set of essential regulons (gene networks centred at key transcription factors)
whose activities are highly variable between the endogenous hair cells and newly converted hair cells (cHCs).
Methods
We re-analysed the published matrix files of single cell RNA-seq data on dissociated adult mouse organs of
Corti from the mouse model Fgfr3-iCreER; Atoh1-HA; Chrna9-EGFP; tdTomato (Yamashita et al., 2018).
Cell clustering was done by Scanpy. WGCNA was used to analyse expression patterns of the transcriptomes
during the Atoh1-induced HC conversion process. We then performed SCENIC workflow which predicts
regulons based on cis-regulatory motif targets. Co-expressed genes identified were used for motif enrichment
analysis. Finally, we identified regulons active at different stages of the Atoh1-mediated HC conversion.
Results
We found clusters of genes with similar expression patterns using WGCNA during the Atoh1-induced HC
conversion process. The GO term analysis of each module presented dynamic changes of each conversion
stage. We then focused on identifying the gene regulatory networks (GRNs) that could potentially be regulated
and contributed to a higher conversion efficiency and more mature cHCs. The significant regulons are: Ikzf2,
Irx2, Tub and Six2 (HC-enriched regulons), and Atoh1, Barh1, Lhx3, Nhlh1, Nifia and Pax2 (cHC-enriched
regulons). Thus, these TFs may serve as candidate regulators that could contribute to a greater understanding
of adult HC regeneration.
Conclusions
The dynamic nature of induced-HC conversion cannot simply be explained by the accumulation of progressive
genetic changes. Rather, this is likely achieved by up- or down-regulating sets of TFs that support hallmarks
of the particular stage of HC development. Our data suggests that collapsing transcriptional hierarchies (gene
regulatory network) that regulate the balance between up- and down-regulation, by targeting keystone
proteins, is critical to affect the coordinated transcriptomic reprogramming that is required for HC
development, and may represent promising future targets for HC regeneration.
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T33. The GTPase Rac1 Acts Downstream of Vangl2 to Mediate Type II SGN Afferent Turning
Cellular/Systems Development
Shaylyn Clancy*1, Arielle Hogan1, Yuqiong Zheng1, Alice Liu2, Xiaowei Lu1
1
University of Virginia School of Medicine, 2University of Virginia
Background
During development, planar cell polarity (PCP) signaling mediates polarized cell behaviors within the plane
of the tissue. In the developing cochlear epithelium, the PCP pathway is required for cochlear extension and
alignment of hair cell orientation, as well as turning of the type II spiral ganglion neuron (SGN) afferents
toward the base of the cochlea.
Specifically, the core PCP protein Vangl2 has been shown to localize asymmetrically to supporting cell (SC)SC junctions and be necessary for the type II SGN afferents to make their characteristic 90 degree turn toward
the base of the cochlea (1). The mechanisms by which Vangl2 controls type II SGN afferent turning is
currently unknown.
We have previously shown that the small GTPase Rac1 is a downstream effector of Vangl2 in hair cell
orientation (2). We hypothesized that Rac1 also plays a crucial role in directing SGN neurite turning
downstream of Vangl2.
Methods
To test this, we first examined type II SGN afferent turning in Rac1 conditional knockout (Rac1cKO)
cochleae. Rac1cKO SGN afferents had similar turning errors to those in the Vangl2 mutant, indicating a
requirement of Rac1 for type II SGN afferent turning. Next, we asked whether constitutive activation of Rac1
can rescue the neurite turning defects caused by loss of Vangl2. To this end, we used the Pax2-Cre driver to
delete Vangl2 in the inner ear and simultaneously induce a constitutively active form of Rac1 (Rac1G12V,
R26-Rac1DA).
Results
While Rac1DA expression alone had no effect on type II SGN afferent turning, we found that type II SGN
afferent turning errors were significantly rescued in Pax2-Cre, Vangl2fl/fl; R26-Rac1DA/+ cochleae. Hair
bundle orientation was also significantly rescued.
Conclusions
These findings suggest that Rac1 acts downstream of or in parallel to the core PCP gene Vangl2 to direct SGN
neurite turning. To further elucidate the mechanisms by which this rescue is achieved, ongoing experiments
aim to determine whether Rac1 acts in the sensory epithelium to direct SGN neurite turning, using the
epithelium restricted Emx2Cre driver. Details of our analysis and further conclusions will be presented.
1.
Ghimire, S. R., Ratzan, E. M., & Deans, M. R. (2018). A non-autonomous function of the core PCP
protein VANGL2 directs peripheral axon turning in the developing cochlea. Development (Cambridge,
England), 145(12). https://doi.org/10.1242/dev.159012
2.
Grimsley-Myers, C. M., Sipe, C. W., Géléoc, G. S. G., & Lu, X. (2009). The Small GTPase Rac1
Regulates Auditory Hair Cell Morphogenesis. The Journal of Neuroscience, 29(50), 15859–15869.
https://doi.org/10.1523/JNEUROSCI.3998-09.2009
T34. Astrocyte Ensheathment of Calyceal Axons Precedes Myelination in the Ventral Brainstem
Cellular/Systems Development
Daniel Heller*1, Emily Amick1, Douglas Kolson2, Ashley Brandebura3, Jad Ramadan2, Thomas Deerinck4,
Mark Ellisman4, Peter Mathers2, George Spirou1
1
University of South Florida, 2West Virginia University, 3Salk Institute for Biological Studies, 4University of
California, San Diego

pg. 71

The Association for Research in Otolaryngology (ARO)
The 44th Annual MidWinter Meeting
Tuesday, February 23, 2021, U.S. Eastern Time Zone

Background
During neurodevelopment, axons are encompassed by growing myelin sheaths to provide an electrically
insulating layer, thereby allowing for rapid and temporally precise propagation of action potentials.
Myelination is a complex process involving the coordinated orchestration of several myelin-associated
proteins, resulting in axonal ensheathment and compaction of the myelin sheath. This process has long been
attributed to Schwann cells in the periphery and oligodendrocytes in the central nervous system, but recently
the functional role of astrocytes in regulating myelination has come to light. Astrocytes play a functional role
in myelination by regulating oligodendrocyte proliferation and differentiation and providing lipids for myelin
synthesis. Additionally, several studies have shown that astrocytes promote myelination, but the extent of
astrocyte-axonal interactions has not been described. The medial nucleus of the trapezoid body (MNTB) has
become an attractive model system for studying neuronal-glial cell interactions during neural circuit
formation. During the short time-period of nerve terminal competition and growth from postnatal day (P)2-6,
astrocyte and oligodendrocyte populations within the MNTB increase in number and begin to exhibit mature
morphological features, thus allowing for a detailed study of the synergistic roles of glial cells during
myelination.
Methods
To achieve high structural resolution, a series of serial block-face scanning electron microscopy (SBEM) data
sets from the mouse MNTB at P2, P4, P6, P9, and P30 were employed for this study. This allowed for a
detailed investigation of individual calyceal axons at various timepoints, which elucidated ultrastructural
characteristics of the onset and progression of axonal wrapping and myelin compaction during early
neurodevelopment. Glial cells from our electron microscopy volumes were classified using multiple
correspondence analysis for discrete data, followed by hierarchical clustering based on ultrastructural criteria
from classic EM literature.
Results
At P4, a majority of calyceal axons exhibited single glial wraps, with compaction of the myelin sheath
beginning at P6, after most MNTB principal neurons are mono-innervated, and becoming widespread by P9.
From the analysis of our SBEM volumes, we find early axonal wrapping at P4 by astrocytes, while
oligodendrocytes do not begin wrapping until P6.
Conclusions
Quantification of the spatial distribution of glial wrapping across calyceal axons, MNTB principal cell axons,
and fiber fascicles reveal that astrocytes predominately ensheathe the CH. This study highlights a novel role
for astrocytes during developmental myelination, with the further elucidation of the molecular mechanisms of
axonal ensheathment potentially providing insight into the current challenges with remyelination strategies.
T35. Oncomodulin Alters Calcium Signaling and Related Gene Expression in Outer Hair Cells With a
Genetically Encoded Calcium Sensor During Development
Cellular/Systems Development
Yang Yang1, Forrest Jones1, Leslie Climer1, Kaitlin Murtha1, Aubrey Hornak1, Dwayne Simmons1, Dwayne
Simmons*1
1
Baylor University
Background
Calcium plays an essential role in the process of mechanotransduction, motility and synaptic transmission in
mammalian sensory hair cells. The tight regulation of Ca2+ in outer hair cells (OHCs) involves a multitude
of Ca2+-binding proteins (CaBPs) and Ca2+ transporters. Oncomodulin (OCM, beta-parvalbumin), an EFhand CaBP, is expressed preferentially in OHCs. We showed that Ocm knockout (KO) mice exhibit
progressive hearing loss by 3 months and are essentially deaf by 6 months. To date, OCM is the only known
CaBP for which targeted deletion causes hearing loss. We hypothesize that the absence of OCM alters the
time course and magnitude of cytosolic Ca2+ transients and the Ca2+ regulatory network in OHCs before the
onset of hearing.
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Methods
To measure Ca2+ signaling in OHCs, we generated Ocm wildtype (WT) and Ocm KO mice with a genetically
encoded calcium sensor (GCaMP6s). These mice conditionally express GCaMP6s after CRE recombination
driven by the Atoh1 promoter. GCaMP6s+ hair cells show fluorescence-based changes (F/F0) in Ca2+
signaling. There are no observable phenotypic differences by the addition of GCaMP6s; for example,
progressive hearing loss begins around 3 months. To measure Ca2+ F/F0 transients in OHCs before hearing
onset, organ of Corti spirals were collected at postnatal day 0 (P0), P2 and P6. We measured OHC responses
to 37mM KCl or 5, 10 and 200µM ATP. Spirals were collected for qPCR and immunocytochemical analysis.
Results
At P0, Ocm KO and WT OHCs showed similar KCl-induced Ca2+ transients. At P2, KO OHCs had faster
kinetics and higher Ca2+ amplitudes than WT. At P6, KO and WT OHCs showed no significant differences
in F/F0 response, but KO OHCs maintained higher Ca2+ transient amplitudes. Application of 250µM
nifedipine blocked KCl-induced responses. We investigated ATP-induced Ca2+ transients. At P0, KO and
WT OHCs showed similar Ca2+ kinetics, but unlike KCl-induced depolarization at P2, KO OHCs only
showed faster F/F0 recovery. Additionally, we found a dose-dependent ATP response in OHCs and Deiters'
cells (DCs). Low levels of ATP induced Ca2+ transients in DCs while high levels of ATP induced Ca2+
transients in both OHCs and DCs. In KO mice, OHCs and DCs were more sensitive to extracellular ATP
compared to WT. All ATP-induced responses were blocked by 100µM PPADs. Using qRT-PCR and
immunofluorescence labeling, we found that the absence of OCM significantly increased relative expression
of P2X2 and P2X7 purinergic receptors at P0, P2 and P6. There were also changes in the relative expression
of Cacna1c (Cav1.2), Cacna1d (Cav1.3) and Atp2b2 (PMCA2).
Conclusions
Results from these studies on Ocm KO OHCs indicate that OCM may be a fast onset Ca2+ mobile buffer.
Additionally, we show that OCM plays an essential role regulating Ca2+ and its absence alters gene expression
in the Ca2+ regulatory network.
T36. The Medial Olivocochlear System Modulates the Development of the Auditory Pathway
Cellular/Systems Development
Valeria Castagna1, Luis Boero1, Mariano Di Guilmi2, Paul Fuchs3, Ana Belen Elgoyhen2, Maria GomezCasati*1
1
, Universidad de Buenos Aires, 2Instituto de Investigaciones en Ingeniería Genética y Biología Molecular
3
Johns Hopkins University School of Medicine
Background
Patterned spontaneous activity is a hallmark of developing sensory systems. Cochlear inner hair cells (IHCs)
of altricial mammals display spontaneous electrical activity before the onset of hearing. It has been suggested
that the pattern and firing rate of these cells and their postsynaptic afferent partners are crucial for the correct
maturation of the central auditory pathway. During this developmental window, a descending medial efferent
innervation from the central nervous system makes direct synaptic contacts with IHCs and modulates this
spontaneous activity. In this work we queried the function of this transient efferent synapse during the critical
period and show that genetic enhancement or ablation of medial olivocochlear (MOC) function alters cochlear
development.
Methods
We used genetically modified mice with different levels of α9α10 nAChR activity: an α9 nicotinic receptor
subunit knock-out (Chrna9 KO) which lacks cholinergic transmission between efferent neurons and hair cells,
and a gain of function knock-in (Chrna9L9’T KI) carrying an α9 point mutation that leads to enhanced MOC
activity.
First, we tracked the onset of the auditory brainstem responses (ABR) in wild type (WT), Chrna9 KO (KO)
and Chrna9L9´T KI (KI) mice. ABR measurements were obtained daily in anesthetized mice between
postnatal day 12 (P12) and P21.
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Results
We found that ABR onset was earlier in KI mice, with enhanced MOC function, compared to mice with
normal MOC synapses. KI mice had a measurable ABR at P13 and reached mature threshold levels 1-2 days
before their corresponding WT littermates. In contrast, ABR onset in KO ears was delayed, suggesting that
cochlear maturation is slowed in the absence of pre-hearing efferent modulation. We then analyzed the
maximum response amplitude for ABR peak I, II and III at different postnatal ages in the three genotypes. At
P16, when the auditory thresholds reached similar levels in all three genotypes, peak I amplitudes were not
different from amplitudes at P21. However, at P16 peaks II and III differ from their amplitudes at P21 in all
three genotypes, suggesting that the maturation of the central connections begins in the periphery and
continues after the onset of hearing.
Distortion product otoacoustic emissions (DPOAE) responses showed the same trend as ABR thresholds: KI
mice DPOAEs began earlier and reached mature threshold levels 1-2 days before WT mice; while there was
a delay in the emergence of distortion products in KO ears.
Conclusions
These results show that auditory sensitivity in mice with enhanced or null MOC activity is altered at hearing
onset. Thus, our work adds to the notion that the transient efferent innervation to the cochlea is necessary for
the correct establishment of the auditory circuitry and that disruption of spontaneous activity patterns could
modify peripheral and central components of auditory development.
T37. Altered Inner Ear Patterning and Function in the Notch1 Signalling-Defective Jagged1-Mutated
Nodder Mouse Model for Alagille Syndrome
Cellular/Systems Development
Sandra de Haan*1, Christopher R. Cederroth2, Barbara Canlon2, Matthew W. Kelley3, Emma R. Andersson2
1
NIH/NIMH/Karolinska Institutet, 2Karolinska Institute, 3NIH/NIDCD
Background
A complex interplay of Notch signalling pathway components, including ligands, receptors and modifiers is
essential for the correct cellular patterning, proliferation and differentiation of the sensory epithelium of the
inner ear. Jagged1, a Notch ligand, has an early inductive role in pro-sensory domain formation as well as a
late inhibitory role in hair cell fate determination. Defects in Jagged1 signalling, as previously described in
heterozygous Jagged1-mutant mouse models including Headturner, Slalom and Ozzy, have mainly indicated
a mild phenotype of supernumerary inner hair cells. The Notch1 signalling-defective Jagged1 Nodder
(Jag1Ndr/Ndr) mouse model, also identified in an ENU-mutagenesis program, is viable in the homozygous
condition in a mixed genetic background and recapitulates Alagille syndrome, a congenital disease
characterized by liver, heart and vertebral abnormalities. Importantly, some patients also display conductive
and/or sensorineural hearing loss. To study how different Notch components orchestrate patterning of the
sensory epithelium, we aim to use the Nodder mouse model to study how Notch signalling mediates cell fate
decisions in the presence and absence of functional Jagged1 mediated Notch1 receptor activation
Methods
Cellular patterning of inner and outer hair cells was studied using immunohistochemistry. Assessment of
stereocilia bundle arrangement, as indicative for inner and outer hair cells character, was performed using
scanning electron microscopy (SEM). Functional assessment of hearing was performed by Auditory Brain
stem Response (ABR) and Distortion Product Otoacoustic Emission (DPOAE) measurements.
Results
Preliminary characterisation of the Nodder inner ear phenotype indicates supernumerary inner hair cells and
a significant decrease in outer hair cells in Jag1Ndr/Ndr animals along the entire length of the cochlea.
Heterozygous Jag1+/Ndr mice have an intermediate phenotype suggesting a gene dosage effect. In addition,
atypical hair cells with morphological characteristics of outer hair cells were observed in the inner hair cell
region between inner hair cells of Jag1Ndr/Ndr animals. Finally, functional assessment of hearing in
Jag1+/Ndr animals indicates elevated hearing thresholds at higher frequencies for animals between P45 and
P60.
pg. 74

The Association for Research in Otolaryngology (ARO)
The 44th Annual MidWinter Meeting
Tuesday, February 23, 2021, U.S. Eastern Time Zone

Conclusions
The organ of Corti in Jag1+/Ndr animals has a phenotype that resembles previously described Jagged1- mutant
animals such as Slalom with a mild increase in inner hair cells and a nearly corresponding decrease in outer
hair cells. Jag1Ndr/Ndr animals display a more extreme phenotype that includes a much greater decrease in
outer hair cells and the appearance of outer-hair-cell like cells in the inner hair cell region. These results
suggest that Jagged1-Notch signalling could play a role in several aspects of cochlear development including
specification of the size of the prosensory domain and patterning along the medial-lateral axis. However,
further characterisation of the Jag1Ndr/Ndr phenotype is needed to disentangle early and late roles for Jagged1
and the interplay with other Notch components in patterning of the sensory epithelium.
T38. Treatments for Hearing Loss in Osteogenesis Imperfecta: A Systematic Review and MetaAnalysis on Their Efficacy
Clinical Otolaryngology & Pathology
Maialen Ugarteburu*1, Claus-Peter Richter2, Alessandra Carriero1
1
The City College of New York, 2Northwestern University Medical School
Background
Hearing loss affects 70% of the people suffering from osteogenesis imperfecta (OI), a genetic disorder of the
connective tissue mainly caused by mutations in the collagen type I. Hearing loss in OI has an early onset, is
progressive, and can be conductive or sensorineural or mixed. There is no cure for OI and current treatments
for its hearing loss rely on conventional surgical treatments for auditory impairments. However, these
treatments outcomes may differ from those of the general population due to the underlying physiopathology
of OI disorder characterized by bone fragility and soft tissue laxity. Here, we therefore present a systematic
review and meta-analysis conducted on the efficacy of treatments addressing hearing loss in OI.
Methods
This study conforms to reporting standards of the Preferred Reporting Items for Systematic Reviews and Metaanalyses (PRISMA). Data sources used for this study includes PubMed, Web of Science, Scopus, and Google
Scholar, from their inception to April 2020. We included published studies of OI patients undergoing a hearing
loss treatment and assessment using pure tone audiometry with a specified length of follow up. We performed
screening and data extraction, and discrepancies were resolved through consensus or adjudication. A random
effects meta-analysis was conducted on 12 articles including OI patients that underwent stapes surgery.
Articles including other treatments were excluded because of their small sample size (≤ 3 patients) or low
number of articles on the topic. We conducted a meta-analysis on the proportion of patients with an air-bone
gap (ABG) ≤ 10 dB. We further run sub-group meta-analysis to assess the efficacy of the two techniques to
perform stapes surgery, stapedectomy and stapedotomy.
Results
Our search identified 953 studies, of which 32 were reviewed at full-text screening. Among them, 22 articles
were about stapes surgeries, 8 about cochlear implants, 1 about bone anchored hearing aids and 1 about
implantable hearing aids. We included 12 articles that met our inclusion criteria for meta-analysis, all of them
were about stapes surgeries. The efficacy of stapes surgeries was assessed as the proportion of patients with a
postoperative ABG ≤ 10 dB. Our results show stapes surgeries to have a success rate of 65.4% (95% CI, 55.1
to 75.1) in the OI population, with stapedectomy and stapedotomy being equally efficient, with a proportion
difference between them of 5.43% (96% CI, -5.83 to 16.94, P=0.35).
Conclusions
Our meta-analysis indicate that the efficacy of stapes surgery has a scarce 65% success rate in the OI
population compared to the 95% success rate in the general population. Overall, this study suggests that further
studies are needed on hearing loss treatments for OI people. Particularly, the mechanisms of hearing loss in
OI need to be determined in order to develop successful non-invasive treatment strategies.
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T39. Characterization of Sensorineural Hearing Loss in Children With Alport Syndrome
Clinical Otolaryngology & Pathology
Nicola Strenzke*1, Celine Storz1, Jan Böckhaus1, Gerhard Müller1, Oliver Gross1
1
University Medical Center Goettingen
Background
Alport Syndrome (AS) is a rare genetic disorder of collagen formation, which can lead to progressive renal
insufficiency and changes in the eyes and ears. A causal therapy is not available. In adults, the increasing
hearing loss presents itself as a symmetrical sensorineural hearing loss in the middle and high frequency range.
In children, before the onset of renal failure, hearing loss is often the most distressing symptom. However,
little is known about the development and characteristics of hearing loss in children with AS.
Methods
The multi-center, randomized, placebo-controlled "EARLY PRO-TECT Alport" study evaluated the safety
and efficacy of treatment with the ACE inhibitor Ramipril on renal function in 66 children (age 8.8±4.2 years)
in early stages of AS over a period of 3 to 6 years. As a secondary endpoint, data regarding hearing function
was collected in 51 of these 66 patients based on reports from otolaryngologists and audiometric test results.
Results
Hearing impairment was diagnosed in 9 of the 51 children (18%). 39 children were classified as having normal
hearing (4PTA<20dB), hearing status remained unclear in 3 children. The available pure tone audiograms of
38 children were divided into three age groups. In some children, follow-up findings could be included as
well, so that a total of 46 audiograms were evaluated. All children with hearing loss showed a characteristic
broad dip (“cookie bite”) with a maximum at 1-3 kHz.
On average, the 4PTA of the 5-9-year old children with Alport syndrome and hearing impairment was 43.8
dB (N=2, 12%) compared to 9.7 dB (N=15) in the group described as normal-hearing. In the 10-14 year olds
the 4PTAs were 44.7 dB (hearing impaired, N=5, 23%) and 6.3 dB (normal hearing, N=17). Among the 1521-year olds, 4PTAs increased further to 50.9 dB (hearing impaired, N=2, 29%) vs 7.3 dB (healthy, N=5).
Conclusions
The dataset presented here is the largest available to describe hearing function in children with Alport
syndrome. We found 18% of the children in the EARLY PRO-TECT study to suffer from hearing loss which
was always sensorineural and had a maximum at 1-3 kHz. The fraction of children with hearing impairment
slightly increased with age as did the severity of hearing loss among those affected.
T40. A First-In-Human Study of OTO-413, an Intratympanic Sustained-Exposure Formulation of
BDNF, for the Treatment of Speech-in-Noise Hearing Impairment
Clinical Otolaryngology & Pathology
Jeffery Anderson*1, James Robinson1, Alice Blaj1, Ines Hoffman1, Alan Foster1, Justin Gull2, Peter Volsky3,
David Moore4, Victoria Sanchez5
1
Otonomy Inc, 2ENT Specialists, 3South Florida ENT Associates, 4Cincinnati Children's Hospital, 5University
of South Florida
Background
Emerging evidence suggests that synaptic connections between inner hair cells (IHCs) and type 1 spiral
ganglion neurons (SGNs) in the cochlea may be lost after noise exposure and with aging, even without notable
hair cell damage. Loss of cochlear synapses in the absence of changes in auditory thresholds has been
proposed as a mechanism of speech-in-noise hearing impairment and may be one of the earliest manifestations
of sensorineural hearing loss. The neurotrophin brain-derived neurotrophic factor (BDNF) plays a prominent
role in establishing afferent connections between SGNs and IHCs during development, and local
administration of BDNF to the cochlea protects SGNs and restores IHC ribbon synapses and their function in
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animal models of cochlear synaptopathy. OTO-413 is a thermo-sensitive formulation of BDNF which
provides sustained exposure of BDNF to the cochlea after intratympanic (IT) administration. This is the first
clinical study evaluating a neurotrophin for treatment of patients with speech-in-noise (SIN) hearing
impairment.
Methods
This was a randomized, double-blind, placebo-controlled Phase 1/2 clinical study in patients with SIN hearing
impairment to assess the safety, plasma pharmacokinetics, and exploratory efficacy of OTO-413. Thirty-nine
subjects (age 21-65 years; mean: 51 years) were enrolled with self-reported difficulty hearing in noisy
environments. Hearing performance for eligibility was assessed by the Digits-in-Noise test (DIN) and
audiometry. Subjects hearing ranged from normal up to moderately severe impairment in at least one ear
(PTA of ≤ 70 dB at 1000, 2000, and 4000 Hz). Four, ascending, dose-cohorts of at least 8 subjects each
received a single IT injection of OTO-413 or placebo in a single ear. Safety and hearing function were
monitored over a 12-week follow-up period. Safety was evaluated by vital signs, adverse events, clinical
safety labs, otoscopy, tympanometry, audiometry, and the C-SSRS. Hearing assessments included speech-innoise tests (DIN, Words-in-Noise test, and American English Matrix test), electrophysiological measures of
cochlear synaptopathy (middle ear muscle reflex, ABR), and self-reported tests of hearing ability (SSQ-12,
PGIC).
Results
Preliminary DIN scores for the 39 subjects at screening averaged -5.4 dB SNR (range: -12.2 to 18.8 db SNR).
Preliminary safety data suggests that a single IT injection of OTO-413 at doses of 0.01 mg, 0.03 mg, 0.1 mg,
and 0.3 mg was well-tolerated. The highest dose cohort of 0.3 mg OTO-413 was expanded to 15 subjects to
further explore clinical outcomes. Enrollment of the study is complete and safety and hearing results of OTO413 will be presented.
Conclusions
In this first ever clinical evaluation of a neurotrophic agent in subjects with speech-in-noise hearing
impairment, preliminary data suggests that OTO-413 (BDNF) was well-tolerated after a single IT injection.
Detailed safety and hearing assessments using speech-in-noise tests, middle ear muscle reflex, ABR, and selfreported tests of hearing ability will be presented.
T41. Altered Expression of Genes Regulating Inflammation and Synaptogenesis During Regrowth of
Afferent Neurons to Cochlear Hair Cells
Genetics A: Genomics and Gene Regulation
Chen-Chi Wu*1, Aurore Brugeaud2, Richard Seist3, Hsiao-Chun Lin2, Wei-Hsi Yeh3, Marco Petrillo4,
Giovanni Coppola5, Albert Edge3, Konstantina Stankovic2
1
National Taiwan University Hospital, 3Harvard Medical School, 4MEEI, 5University of California Los
Angeles, 2Massachusetts Eye and Ear Infirmary
Background
Glutamate-mediated excitotoxicity is implicated in many hearing disorders. To explore the molecular
mechanisms of this excitotoxicity and the subsequent neuronal regeneration in the inner ear, we established
an in vitro model by applying kainate to neonatal cochlear explants and studied differentially expressed genes
with microarrays and network analyses.
Methods
Neonatal cochlear explants were cultured for 5 h, 24 h, or 72 h after kainate treatment. The explants were then
microdissected into a spiral ganglion neuron fraction and a micro-isolate fraction, containing the organ of
Corti with hair cells, for RNA extraction. Genome-wide transcriptional analysis was performed using
microarrays (Illumina). Differentially expressed genes were analyzed using Ingenuity Pathway Analysis to
identify key molecular networks and their hubs. Select genes were validated using the on-line SHIELD
database and immunofluorescent staining of cochlear sections.
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Results
Microarray analyses revealed a total of 2.5% differentially regulated transcripts (588 out of 24,000) based on
a threshold of p<0.005. Inflammatory response genes as well as genes involved in regeneration of neural
circuits were upregulated in the spiral ganglion neurons and organ of Corti, where the hair cells reside.
Prominent genes upregulated at several time points included genes with roles in neurogenesis (Elavl4 and
Sox21), neural outgrowth (Ntrk3 and Ppp1r1c), axonal guidance (Rgmb and Sema7a), synaptogenesis (Nlgn2
and Psd2), and synaptic vesicular function (Syt8 and Syn1). Immunohistochemical and in situ hybridization
analysis of genes that had not previously been described in the cochlea confirmed their cochlear expression.
Conclusions
The time course of expression of these genes suggests that kainate treatment resulted in a two-phase response
in spiral ganglion neurons: an acute response consistent with inflammation, followed by an upregulation of
neural regeneration genes. Identification of the genes activated during regeneration of these fibers suggests
candidates that could be targeted to enhance regeneration in adult ears.
T42. Early Functions of TBX2 and TBX3 in Inner Ear Development
Genetics A: Genomics and Gene Regulation
Hansoo Song*1, Bernice Morrow1
1
Albert Einstein College of Medicine
Background
We are interested in the genetic regulation of organogenesis of the inner ear from the otic vesicle (OV). There
are three T-box transcription factor genes, Tbx1, Tbx2 and Tbx3, expressed in the OV. These genes are all
required for development, but while TBX1 functions as an activator of transcription, TBX2 and TBX3
function as repressors. Our goal is to uncover the functions of these three T-box genes in early inner ear
morphogenesis.
Methods
With Pax2-Cre, I inactivated Tbx2 and/or Tbx3 floxed alleles in mice to generate Tbx2 conditional knockout
(Tbx2cKO) embryos, Tbx3 conditional knockout (Tbx3cKO) embryos and Tbx2/3cKO double mutant mouse
embryos. With paint-filling techniques and hematoxylin and eosin (H&E) staining, I have studied phenotypes
and their onset. I will take a candidate gene approach to determine the relative position as to where Tbx1,
Tbx2, and Tbx3 fit into the genetic hierarchy of cell fate decisions to form the neuronal, sensory, or nonsensory fates. RNAscope in situ hybridization experiments are being performed to uncover the expression
patterns of Tbx2 and Tbx3, as well as cell fate and domain markers of the OV within our conditional knockout
embryos. Cell proliferation and apoptosis studies are performed to better understand the basis of the changes
in inner ear morphology.
Results
Our lab previously found that inactivation of Tbx1 results in failed morphogenesis of the OV with expansion
of the neurogenic domain posterior to the OV. In this project, I have uncovered cochlear and saccular defects
in Tbx2cKO embryos, semicircular canal defects in Tbx3cKO embryos and complete failure of the OV to
undergo morphogenesis in Tbx2/3cKO embryos. I have confirmed that Tbx2 expression begins in the otic
placode and then throughout the OV, while Tbx3 is expressed only in the dorsal OV. When taken together,
the data suggest that Tbx2 and Tbx3 have both unique and shared functions in inner ear development. I have
generated preliminary RNAscope data using NeuroD1 (Neurogenic Differentiation 1) that marks neuronal
precursors, Bmp4 (Bone Morphogenetic Protein 4) that marks sensory precursor cells, Otx2 (Orthodenticle
Homeobox 2) and Dlx5 (Distal-Less Homeobox 5) that both mark non-sensory precursor cells. We identified
an ectopic domain of NeuroD1 expression in the posterior OV, an expansion of the Bmp4 expression in the
posterior domain, loss of Otx2 expression in the ventral domain, and reduction of Dlx5 expression in the dorsal
domain in Tbx2/3cKO embryos.
Conclusions
Based upon the expression changes of cell fate markers in the double mutant embryos, we conclude that Tbx2
and Tbx3 have early shared functions in restricting sensory and neuronal cell fates and promoting non-sensory
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cell fates. Interestingly, Tbx1 also functions to restrict neuronal cell fates, suggesting that Tbx1 may act
upstream of Tbx2 and Tbx3 in promoting morphogenesis of the inner ear.
T43. Comparative Exploration of Mammalian Deafness Homologues in the Drosophila Auditory
Organ Reveals Conservation Between Insect and Vertebrate Hearing
Genetics B: General
Daniel Sutton*1, Jonathan Andrews2, Daniel Eberl3, Shinya Yamamoto2, Andrew Groves1
1
Baylor College of Medicine, 2Jan and Dan Duncan Neurological Research Institute, 3University of Iowa
Background
The Drosophila auditory organ, Johnston’s organ (JO), is located within the second segment of each antenna
and is comprised of around 200 stretch receptor units called scolopidia. These scolopidia contain
mechanosensitive neurons that respond to gravity and sound from vibrations of the outermost antennal
segment. Johnston’s organ is anatomically very different from the mammalian organ of Corti. However, recent
evidence indicates significant cellular and molecular similarities may exist between vertebrate and
invertebrate hearing, suggesting that Drosophila may be a convenient platform to determine the function of
the many mammalian deafness genes whose biochemical function is poorly characterized.
Methods
We used bioinformatic comparisons to screen all reported human and mouse deafness genes (both syndromic
and nonsyndromic) and found that 156 genes had orthologues in Drosophila. We then used fluorescent
imaging of T2A-GAL4 gene trap lines (to identify gene expression) and fluorescent protein trap lines (to
identify protein localization) for 54 of the Drosophila orthologues and found 38 genes to be expressed in
different cell types in Johnston’s organ. Of the genes that were identified from our localization/expression
screen, we selected genes with null mutants that were viable as homozygotes until adulthood. To characterize
hearing in these null mutants, we performed electrophysiological testing by inserting a tungsten electrode in
the a1 segment of the antenna. A stimulatory pulse song is played to deflect the antenna and compound evoked
potentials are recorded from the antennal nerve. To perform hearing-based behavioral tests, we isolated
homozygous female flies and paired them in isolated chambers with a Canton-S (wild type) male fly. We
tested the mutant female’s response to the male’s courtship song with a high-speed camera to record the time
until copulation.
Results
Behavioral screening data from 3 orthologous mutant fly lines showed a statistically significant delay in time
to copulation. Orthologs of Sun1 and Nesprin 4, which form the LINC complex in mammals and is necessary
for outer hair cell health and hearing function, and the ortholog of Pcdh15, which is a member of the tip
complex in mammals and causes deafness and Usher syndrome, were all affected. We are performing
electrophysiological recordings of these mutants to confirm that these observations are due to defects in
Johnston’s organ.
Conclusions
Our findings show that roughly 80% of the genes tested had orthologs in the fruit fly with conserved
expression/localization in Johnston’s organ. Our experimental pipeline shows that the fruit fly provides a
model to quickly and efficiently study mechanisms of deafness in orthologs of some mammalian genes.
T44. Sex-Dependent Deterioration of Auditory Function With Age in Galectin-3 Deficient Mice
Genetics B: General
Celia Zhang*1, Henry Adler1, Xiaopeng Liu1, Dalian Ding1, Senthilvelan Manohar1, Richard Salvi1, Wei Sun1,
Bo Hua Hu1
1
University at Buffalo
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Background
Gender differences in the development of sensorineural hearing loss has been recognized in many audiological
disorders, including autoimmune inner ear disease. We previously reported cochlear expression of galectin-3
(Gal-3), a member of the β-galactoside-binding protein family that plays an essential role in immune activities.
In the cochlea, Gal-3 is expressed in supporting cells and immune cells and participates in cochlear responses
to acoustic trauma. This study examined the role of Gal-3 in age-related hearing loss and cochlear
degeneration.
Methods
Gal-3 knockout (KO) (B6.Cg-Lgals3tm1Poi/J, homozygous and heterozygous) and age-matched wild-type
(WT) littermates were examined at 4-6 weeks and 3-9 months. Heterozygous mice were generated by crossbreeding B6.Cg-Lgals3tm1Poi/J mice with C57BL/6J mice. Auditory brainstem response (ABR)
measurements were performed to assess hearing sensitivity, distortion-product otoacoustic emissions
(DPOAE) were measured to evaluate outer hair cell function, and acoustic startle reflexes were collected to
examine the amplitude of the brainstem auditory-motor circuit. Cochlear pathogenesis was examined at the
age of 9 months and sensory cell loss was quantified using DAPI nuclear staining.
Results
At 4-6 weeks, Gal-3 KO mice and WT type mice displayed similar ABR thresholds, DPOAE input/output
function, and startle reflex thresholds. There were no signs of cell loss in their cochleae. By 3-4 months, both
Gal-3 KO and WT littermates displayed early signs of hearing sensitivity, particularly among female Gal-3
KO mice. Female KO mice showed significantly higher ABR thresholds than male Gal-3 KO as well as greater
reduction in DPOAE and startle reflex amplitude at 3-4 months of age. Consistent with this gender-dependent
functional loss, hair cell lesions were significantly greater in in female Gal-3 KO mice than male Gal-3 KO
mice at 9 months of age. Together, these observations revealed that female Gal-3 KO mice exhibit an
accelerated age-related hearing loss and cochlear degeneration compared to their male counterparts.
Conclusions
Genetic deletion of Gal-3 function exacerbates age-related cochlear degeneration and hearing loss which are
significantly greater in female Gal-3 KO than male Gal-3 KO. This is one of the few cases where age-related
hearing loss is greater in females than males, a finding that may provide new insights into the molecular
mechanisms underlying gender-dependent hearing loss.
T45. Multiplex Ligation Probe Amplification (MLPA) and Whole Exome Sequencing (WES) for the
Molecular Diagnosis of Non-Syndromic Hearing Loss (NSHL): The Results of a Cohort of 214 Italian
Families
Genetics B: General
Anna Morgan*1, Flavio Faletra1, Stefania Lenarduzzi1, Martina La Bianca1, Giulia Pelliccione1, Beatrice
Spedicati2, Agnese Feresin2, Daniela Mazzà1, Alberto Sensi3, Claudio Graziano4, Marco Seri3, Umberto
Ambrosetti4, Paolo Gasparini2, Giorgia Girotto2
1
Institute for Maternal and Child Health – IRCCS, 2University of Trieste, 3Medical Genetics Unit, 4University
of Milano U.O.C
Background
NSHL is the most common sensory disorder with ~80% of congenital cases due to a genetic cause. In addition
to the screening of the most frequently mutated genes (i.e. GJB2, GJB6 and MT-RNR1), the use of nextgeneration sequencing technologies in combination with techniques able to detect copy number variants
(CNVs) (e.g. SNP array, MLPA, etc.), has proved to be efficient in the molecular diagnosis of NSHL, leading
to the identification of mutations/CNVs in known deafness genes, as well as to the discovery of new genes.
Methods
We applied a multi-step strategy for the molecular diagnosis of NSHL in 214 families, which included: 1) an
accurate clinical evaluation, 2) the analysis of GJB2, GJB6, and MT-RNR1 genes, 3) the evaluation STRCCATSPER2 and OTOA deletions via Multiplex Ligation Probe Amplification (MLPA), 3) Whole Exome
Sequencing (WES) in patients negative to steps 2 and 3.
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Results
About 20% of patients were positive for mutations in the GJB2 gene with the c.35delG being the most frequent
mutation (i.e., 44% of patients c.35delG homozygotes and 48% c.35delG carriers, together with other in-trans
mutations). None of them carried deletions in GJB6 or the A1555G mutation in the mitochondrial gene MTRNR1.
MLPA/WES led to the characterization of ~39% of the cases negative to the first-level screening. In particular,
data analysis allowed to 1) identify seven new disease genes, named PSIP1, TBL1Y, SPATC1L, PLS1,
ATP2B2, SLC12A2 and USP48 for which functional studies are now in progress, further exploring the
molecular mechanisms of NSHL; 2) confirm the relevant role of CNVs in NSHL: ~17% of the positive cases
carried a pathogenic CNV, with 62% of the identified CNVs involving STRC gene, making it the second
major player in the Italian population after GJB2; 3) provide a diagnosis of syndromic HL in patients with
apparent NSHL. Some examples include the molecular diagnosis of Usher syndrome in patients who did not
develop retinitis pigmentosa yet, or the diagnosis of Waardenburg and Branchiootic syndromes in two families
with only subtle phenotypic features, influencing the future management of the patients; 4) identify additional
unexpected clinical signs, enlarging the phenotypic spectrum of some genes (e.g. HL and different brain
abnormalities in patients with ADGRV1 mutations).
Conclusions
The screening of GJB2 gene, MLPA and WES, together with an accurate clinical evaluation of the patients
and their relatives, proved to be efficient in identifying the molecular cause of hearing loss, and, in some cases,
in anticipating the correct clinical diagnosis, leading to an overall detection rate of ~50% in the Italian
population. Furthermore, WES demonstrated, once again, its utility in identifying new disease-genes, thus
unveiling the complex biological mechanisms of NSHL.
T46. miRNAs Profiling of Differentiated and Undifferentiated HEI-OC1 Cells: Will It Have an
Impact on Auditory Cell Studies?
Genetics B: General
Printha Wijesinghe*1, Cathie Garnis2, Desmond Nunez1
1
University of British Columbia, 2British Columbia Cancer Research Centre

Background
House Ear Institute –Organ of Corti 1 (HEI-OC1) cells are used as an in vitro system for screening of ototoxic
drugs, and to investigate drug-activated apoptotic pathways, autophagy, senescence, cell protection
mechanisms, inflammatory responses, cell differentiation, genetic and epigenetic effects of pharmacological
drugs, oxidative and endoplasmic reticulum stress, and other conditions. HEI-OC1 cells are almost exclusively
studied under permissive conditions that promote cell proliferation at the expense of differentiation. However,
most forms of human acquired sensorineural hearing loss occur in the adult cochlea where sensory cell
proliferation is minimal. MicroRNAs (miRNAs) are small noncoding RNAs that regulate gene expression and
control a wide variety of cellular functions. This study aimed to compare the miRNA profiles of HEI-OC1
cells cultured under permissive, which promotes cell proliferation (P-HEI-OC1) and non-permissive, which
promotes cell differentiation (NP-HEI-OC1) conditions.
Methods
P-HEI-OC1 and NP-HEI-OC1 [incubated for 1 (NP1-HEI-OC1) and 2 weeks (NP2-HEI-OC1), respectively]
cell cultures were maintained as recommended. Culture morphology, florescence immunocytochemistry (hair
cell markers- myosinVIIa and prestin, stem/progenitor cell marker- Sox2 and nestin and supporting cell
marker- vimentin) and quantitative reverse transcription polymerase chain reaction (qRT-PCR) (genes myosin
VIIa, prestin, Sox2, nestin and vimentin) were used for cellular characterizations. Cell-derived miRNA
profiling was carried out with TaqMan Low Density Array (TLDA cards) qRT-PCR for rodent pools. A 2fold intergroup difference (2-∆∆Ct) at p <0.05 (Benjamini-Hochberg corrected Student’s t-test) was used to
determine differentially expressed miRNAs (DEMs) at a cut off Ct <35. Bioinformatic databases, miRWalk3.0
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and DAVID Functional Annotation Tool were used to identify putative target genes and their functional
enrichments, respectively.
Results
457, 437 and 425 miRNAs were expressed at Ct <35 in P-HEI-OC1, NP1-HEI-OC1 and NP2-HEI-OC1 cells,
respectively after excluding controls. 26 DEMs were identified in non-permissive differentiated HEI-OC1cells
when compared with permissive undifferentiated HEI-OC1cells. The miR-200 family (-200c-3p), and
functionally related cluster of miR-34 family (-34b-3p/-34c-3p) and miR-449b miRNAs were more than 5fold significantly upregulated. Rodent specific maternally imprinted gene Sfmbt2 intron 10th cluster miRNAs
miR-466 (-446a-3p) and miR-467 (-467d-5p) were more than 5-fold significantly downregulated. Putative
target genes of the 26 DEMs in NP-HEI-OC1 cells were predominantly enriched in axon guidance, 5'
adenosine monophosphate-activated protein kinase (AMPK) and mammalian target of rapamycin (mTOR)
signaling pathways (p <1x10-7).
Conclusions
Our findings demonstrate that the miRNA profiles of undifferentiated and differentiated auditory cells are
different. This should be considered when interpreting the findings of HEI-OC1 cell studies.
T47. Conditional Deletion of Mouse MACF1 Using Pax2-Cre Does Not Affect Cochlea Hair Cell
Survivability, Morphology, or Planar Cell Polarity
Hair Cells: Anatomy & Physiology
Benjamin Gilbert*1
1
Case Western Reserve University, University Hospitals
Background
ACF7 (actin crosslinking family protein 7) is a large actin bundling and microtubule/actin crosslinking protein
that is primarily responsible for cytoskeletal organization and integrity. Encoded by the gene MACF1
(microtubule and actin cross-linking factor 1), ACF7 has several known roles across numerous tissues. Within
the hair cell, ACF7 localizes to the cuticular plate and the cuticular band of both mice and zebrafish.
Conditional ablation of MACF1 in many systems produces severe phenotypes resulting from impaired
cytoskeletal dynamics. Due to the known roles of ACF7 in the cytoskeleton of other cell types, as well as its
conservation across vertebrates, it is plausible that ACF7 plays a vital role in the subcellular architecture of
hair cells.
Methods
To determine the function of ACF7 in hair cells, we utilized a Pax2-Cre/loxP system that removes 3 exons of
MACF1 in all descending cells of Pax2-expressing otic progenitors. To assess potential phenotypes, an
immunohistochemical analysis was conducted using phalloidin and a Myosin VIIA antibody to compare the
rates of outer and inner hair cell death between conditional ACF7 knockouts and sibling controls. Additional
analysis sought to examine the expression pattern of Pax2-Cre within hair cells of the Organ of Corti using a
YFP reporter system.
Results
Surprisingly, our data suggests that four-week old conditional knockout mice develop hair cells with normal
survivability, morphology, and planar cell polarity.
Conclusions
These results suggest that there may be redundant proteins expressed in hair cells that compensate for the loss
of ACF7 to permit hearing.
T48. Visualizing the in Vivo Ribbon Synapse Maturation in Zebrafish Hair Cells
Hair Cells: Anatomy & Physiology
Saman Hussain*1, Natalie Mosqueda1, Alisha Beirl1, Mara Uhl2, Katie Kindt1, Christian Vogl2
1
NIH/NIDCD, 2Institute for Auditory Neuroscience & InnerEarLab
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Background
The ribbon is a hallmark of synapses in sensory hair cells. It is essential for neurotransmission and is
responsible for encoding the graded receptor potential of the cell. In hair cells, the ribbon synapse is
responsible for the temporal precision of the auditory and vestibular neuronal circuits and is therefore crucial
for proper hearing and balance. To date, the majority of studies examining ribbon synapse morphology and
development rely on immunohistochemistry or electron microscopy in fixed preparations. Therefore, the
dynamic processes underlying ribbon synapse formation are not known.
Methods
To study the dynamics of ribbon synapse formation we are examining the formation and maturation of the
ribbon synapse in zebrafish lateral line neuromasts. We have created transgenic zebrafish lines with markers
for the ribbon (Ribeye-mCherry) and the post-synaptic density (FingR-PSD95-GFP). These lines enable us to
visualize both pre- and post-synaptic densities of the hair cell synapse in vivo. To image ribbon synapse
maturation in these lines, we are using both light-sheet microscopy and high-resolution Airyscan confocal
microsopy.
Results
We observe the presence of ribbon precursors in the earliest stage of hair cell development. As the cells mature,
there is a progressive increase in ribbon size and a reduction in ribbon number. The post-synaptic density
formation correlates with the ribbon maturation. From our analyses we have observed that during
development, the ribbons undergo fusion to form larger ribbons, which may be a key step in their maturation.
Currently we are closely examining dynamics at the post-synapse to determine if ribbon and post-synapse
fusion coincide.
Conclusions
Ribbon synapse maturation involves dynamic processes which cause changes in the size and number of
ribbons. Ribbon fusion is one such process which can explain the observed increase in ribbon size and decrease
in ribbon numbers. We are now examining the dynamics of the post-synapse during development to see
correlations between the pre- and post-synapse maturation. Overall, this work will provide fundamental
knowledge of ribbon synapse maturation.
T49. Exploring the Response of Zebrafish Hair Cells During Damage
Hair Cells: Anatomy & Physiology
Roberto Aponte Rivera*1, Katie Kindt1
1
NIH/NIDCD
Background
Hair cells (HCs) are highly specialized mechanoreceptors that are sensitive to displacement of fluid within the
inner ear, and the lateral line. HCs convert mechanical displacement into electrochemical activity at the HC
synapse. Recent work from our group demonstrated that in zebrafish, the majority of lateral-line HCs are
synaptically silent (Zhang et al., 2018). As synaptic activity is a metabolically demanding process, silencing
may be an effective way to conserve energy and prevent unnecessary cellular stress. Importantly our work
also demonstrated that synaptically silent HCs can be recruited and unsilenced after damage. Elucidating how
these HCs are recruited after damage could point to protective mechanisms that could restore hearing after
damage. How HCs are selectively silenced or unsilenced after damage is not known. We hypothesize that
during damage signals such as calcium may be important for this process.
Methods
We used transgenic zebrafish line expressing GCaMP6s in HCs to image calcium signals in lateral line
neuromast HCs during damage in vivo. For our analyses we first identified synaptically active HCs by
stimulating individual neuromasts via fluid jet while simultaneously imaging GCaMP6s to detect cells with
presynaptic calcium activity. Then, we simultaneously imaged GCaMP6s signals while using a laser to
damage one active HC. After damage, we again stimulated HCs via fluid jet to determine whether previously
silent HC were recruited within each neuromast.
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Results
During laser damage we identified 3 distinct responses to damage that we categorized as damaged, responsive,
and unresponsive. Damaged HCs were characterized by an initial spike followed by a permanent decrease in
signal. Responsive HCs were characterized by anrobost increase in signal during damage. Unresponsive HCs
were characterized by no change in signal during and after damage. These responses were present regardless
of whether there was recruitment of silent HCs. Newly recruited HCs were either responsive or unresponsive
during laser damage, but never in the damaged category. The distance of newly recruited HCs from the site
of damage was not coorelated with recruitment.
Conclusions
HCs respond to laser damage via increases in calcium. However, increases in calcium during damage do not
necessarily indicate subsequent recruitment. This indicates that increases in calcium during laser damage
might serve as an initial signal, which is consistent with previous literature. In the future we plan to explore
the origin and contribution of this calcium signal using a combination of pharmacology and genetic mutants.
T50. MAP1S, the Microtubule-Binding Protein, Causes Actin Polymerization by Acting as a
Nucleation Factor in the Presence of Arp2/3
Hair Cells: Anatomy & Physiology
Winston Tan*1, Elif Kortan1, Jun-Ping Bai1, Qiang Song1, Joseph Santos-Sacchi1, Dhasakumar Navaratnam1
1
Yale University School of Medicine
Background
Microtubule-associated protein 1S (MAP1S) is an actin/microtubule-binding protein that links prestin with
the underlying actin cytoskeleton in outer hair cells (OHCs). Knockouts of MAP1S show significant
reductions in both hearing sensitivity (increased ABR thresholds) and OHC function (reduced DPOAE
responses and OHC electromotility).
Methods
For these experiments, we used the C-terminus of human MAP1S (794-1053) expressed as a His-tagged fusion
protein and purified on a nickel column (Creative BioMart, Cat. No. MAP1S-1260H). Actin polymerization
was determined using a pyrene actin polymerization kit (Cytoskeleton, Inc.). Immunofluorescence detection
of actin-related proteins 2/3 (Arp2/3) complex, an actin nucleator, was achieved in OHCs using a validated
Arp2/3 antibody.
Results
MAP1S increases rates of actin polymerization. The C terminus of MAP1S (794-1053) in its light chain has
been previously shown to bind to actin (Orbán-Németh et al., 2005). Actin polymerization was assayed using
pyrene actin incorporation into F-actin. Rates of actin polymerization were increased in the presence of
MAP1S in both low and high salt conditions. Moreover, rates of actin depolymerization in the presence of
latrunculin A, an actin polymerization inhibitor, were decreased by MAP1S.
In high salt conditions, rates of actin polymerization were further increased in the presence of Arp2/3, raising
the possibility that MAP1S also acts as a nucleation factor. Using negative staining we find increased
branching of actin in the presence of MAP1S. In addition, polystyrene microbeads coated with MAP1S
showed actin comet tails. Consistent with the possibility that actin nucleation is increased at the OHC
periphery by MAP1S, we find Arp2/3 to localize along the lateral wall of OHCs.
Conclusions
MAP1S increases actin polymerization by acting as a nucleation factor in the presence of Arp2/3.
T51. Mechanotransduction-Dependent Stereocilia Remodeling in the Mammalian Auditory Hair Cells
Requires Body Temperature
Hair Cells: Anatomy & Physiology
Carolina Galeano-Naranjo*1, Gregory I Frolenkov1, A Catalina Velez-Ortega1
1
University of Kentucky
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Background
Stereocilia are actin-filled projections on the apical surface of the hair cells. In mammalian auditory hair cells,
the specific arrangement of stereocilia rows is maintained throughout the life of the organism through yet
unknown mechanisms. Recently, we and others discovered that the heights and the diameters of the shorter
row stereocilia, which possess mechanotransduction (MET) channels, are regulated by the influx of calcium
ions through these channels (Velez-Ortega, et al., 2017; Krey, et al., 2020), providing a mechanism that may
maintain stereocilia after their initial growth. However, we also noticed that this phenomenon may require
37°C, since we obtained reproducible results only at this temperature.
Methods
We explored the effects of MET channel blockers on the height and shape of stereocilia in the mammalian
auditory hair cells at different temperatures. We imaged fixed cells using scanning electron microscopy (SEM)
and also performed time-lapse live-cell imaging using hopping-probe ion conductance microscopy (HPICM)
– a non-contact scanning probe technique that allows imaging of the surface of live cells with nanoscale
resolution.
Results
In the hair cells cultured at room temperature for 30 hours in the presence of the MET channel blocker
benzamil, mechanotransducing shorter row stereocilia exhibited variable changes - some stereocilia retracted
while the others grew or even branched, indicating profound disruption of the actin maintenance in these
stereocilia. In contrast, benzamil at 37°C for 32 hours invariably resulted in the retraction of shorter row
stereocilia. Time lapse imaging of live hair cell bundles throughout 6 hours confirmed that the majority of
transducing shorter row stereocilia retracted after application of benzamil, while some of them did grow.
Conclusions
The proper MET-dependent remodeling of the stereocilia cytoskeleton indeed requires body temperature.
Supported by NIDCD/NIH (R01DC008861 and R01DC014658 to G.I.F., and R21DC017247 to A.C.V.).
T52. Repair of Noise-Induced Damage to the Stereocilia F-Actin Core
Hair Cells: Anatomy & Physiology
Elizabeth Wagner*1, Maura Nakahata1, Daniel Chen1, Terrence Imbery1, Jung-Bum Shin1
1
University of Virginia
Background
Sensory hair cells are exposed to continuous mechanical stimulation throughout the life of organization, which
can damage hair cell structures or lead to cell death. Although dead hair cells cannot be regenerated in
mammals, some sub-lethal types of damage can be repaired, such as tip link breakage.
Methods
Mice were exposed to acoustic trauma to damage stereocilia cores. Damage was measured by quantification
of gaps in phalloidin labeling of F-actin in exposed and unexposed wild type and Xirp2-null mice.
Immunofluorescence was used to localize XIRP2 and other actin-associated proteins at gaps in phalloidin
labeling.
Results
We demonstrate here that damage to the stereocilia F-actin core can be repaired. Loud noise has been shown
to cause damage to stereocilia cores, visualized as “gaps” in phalloidin labeling of F-actin. We see an increase
in the number of these gaps following acoustic trauma. Immunostaining of F-actin remodeling factors,
including monomeric actin and actin crosslinkers, is enriched at these gaps, suggesting that localized
remodeling is occurring to repair the damage. Consistent with this, the number of gaps in inner hair cells
decreases by more than 75% between 1 hour and 1 week following noise exposure. In addition, we observe
discrete patches of newly synthesized GFP-labeled beta-actin in stereocilia cores with intact phalloidinstaining following acoustic trauma, which are absent in non-exposed mice, where newly synthesized betapg. 85
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actin is restricted to stereocilia tips. These patches of newly synthesized GFP-labeled beta-actin are likely sites
of repair.
The above data suggest that repair is occurring, but the mechanism remains unclear. XIRP2 (Xin actin binding
repeat containing protein 2) immunostaining, similar to what was described for several other F-actin associated
factors, is enriched at phalloidin-negative gaps, leading us to hypothesize that XIRP2 may play an important
role in the repair process. Further supporting this, Xirp2-null mice develop large numbers of gaps in auditory
and vestibular hair cells in the absence of traumatic noise exposure. Additionally, unlike in wild type mice,
the number of gaps in inner hair cells does not significantly decrease within one week of noise exposure in
Xirp2-null mice, indicating that XIRP2 is necessary for their repair. As we see a reduction in the enrichment
of monomeric gamma-actin in gaps in Xirp2-null mice, the lack of repair may be due to impaired recruitment
of gamma-actin. Further work will determine whether XIRP2 is required for the recruitment of other known
gap-associated proteins.
Conclusions
We conclude that noise-induced damage to the stereocilia core is repaired within two weeks of exposure.
XIRP2 is required for the efficient repair of this damage, likely through the recruitment of monomeric gammaactin to the damaged sites.
T53. Vibrometry of the Frog Inner Ear: A Comparative Approach Using Optical Coherence
Tomography
Inner Ear: Anatomy & Physiology
Ariadna Cobo-Cuan*1, Frank D. Macias-Escriva1, Patricia M. Quiñones1, John S. Oghalai1, Peter M. Narins2
1
, University of Southern California, 2University of California, Los Angeles
Background
The exceptional high-frequency sensitivity in a few frog species illustrates the extent to which evolution can
modify a sensory system to adapt it to its environment. The concave-eared torrent frog, Odorrana tormota,
inhabit riverine environments with high levels of low-frequency noise and uses a high-frequency
communication system. Mechanisms enabling high-frequency hearing in this anuran are currently unknown,
though it is hypothesized that small-scale functional modifications allow high-frequency sensitivity. To gain
insight into these functional adaptations and the location in which they take place, we assess the vibratory
response of the auditory endorgans.
Methods
We used volumetric optical coherence tomography and vibrometry (VOCTV) to visualize the frog inner ear
and measure sound-induced vibrations in the amphibian and basilar papillae of O. tormota (6 males and 7
females), a high-frequency specialist, and Rana catesbeiana (3 males and 1 female), a species emblematic of
the low-frequency communication used by most amphibians. Vibratory responses of the contact membranes,
tectorial membranes and sensory epithelium regions were obtained for pure tones within the frequency range
of biological significance for each frog species.
Results
Except for the size differences between species, we found no gross inner ear morphological features that could
be associated with high-frequency sensitivity. Our measurements of sound-induced vibrations suggest broad
mechanical tuning in the different structures, but no evidence of amplification was found. The spectral
segregation between the auditory papillae found in most anurans is confirmed in our results. In both species,
tuning curves corresponding to the amphibian papilla peak at low frequencies, however the vibratory response
spans up to 14 kHz in males of O. tormota.
Conclusions
Using VOCTV, we combined for the first time morphological visualization and measurement of the in vivo
vibratory response of the intact frog inner ear. Our vibration measurements confirm frequency-dependent,
mechanical segregation of acoustic energy inside the inner ear for maximal excitation of the two auditory
papillae.
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Supported by NSF grant 1555734 and NIH/NIDCD grants R01 DC014450, R01 DC013774, and R01
DC003687.
T54. Multifrequency Acoustic Reflex Measures in Carboplatin-Treated Chinchillas
Inner Ear: Anatomy & Physiology
Monica Trevino*1, Celia Escabi1, Andie Zang1, Karen Pawlowski1, Edward Lobarinas1
1
The University of Texas at Dallas
Background
In mammals, the middle ear stapedius muscle contracts in response to moderately loud sound. This reflexive
response, known as the acoustic reflex (AR), decreases the admittance of the tympanic membrane and reduces
acoustic input to the inner ear. The threshold at which the AR is present is often measured as part of a standard
diagnostic hearing test battery, as it provides information on the integrity of the middle ear, the inner ear, and
the central auditory nervous system. Previously, we found that ipsilateral AR amplitudes measured via a 226
Hz probe tone remained unchanged or increased following selective inner hair cell (IHC) loss in a chinchilla
animal model. This relatively low frequency (226 Hz) probe tone is commonly utilized when assessing human
adults. In contrast, a higher frequency 1000 Hz probe tone has been shown to be a more sensitive measure in
some patients, particularly the pediatric population, as it more effectively elicits the reflex response in highly
compliant, small-volume ear canals. For the present study, ipsilateral and contralateral AR thresholds were
measured in chinchillas using 226 Hz and 1000 Hz probe tones before and after carboplatin, an anticancer
drug that destroys IHC in this species.
Methods
Young adult chinchillas (3-4 years-of-age), housed in enriched environments and allowed to free-feed, were
used for this study. A Tympstar middle ear clinical analyzer was used to obtain ipsilateral and contralateral
AR thresholds via 226 Hz and 1000 Hz probe tones in awake animals. AR thresholds were elicited using
various pure tone stimuli (.5, 1, 2, and 4 kHz) and broadband noise (BBN). Distortion product otoacoustic
emissions (DPOAEs) were measured using a commercially available system as an assessment of OHC
presence and function. Auditory brainstem response (ABR) thresholds were obtained at 1, 2, 4, 8 and 12 kHz
as a measurement of auditory sensitivity. After obtaining baseline data, animals were injected with a 75 mg/kg
dose of carboplatin (i.p.) to produce a moderate to severe IHC lesion (50-80% IHC loss) and little-to-no outer
hair cell (OHC) loss. AR thresholds, DPOAEs, and ABR thresholds were re-assessed following a three-week
recovery period.
Results
Consistent with our previous studies, carboplatin treatment induced 50-80% IHC loss, but did not significantly
affect OHC, DPOAEs or ABR thresholds. Baseline data show that the 1000 Hz probe tone produces overall
lower AR thresholds relative to the 226 Hz probe tone, independent of elicitor stimuli. Preliminary data also
suggest that IHC loss does not significantly elevate 1000 Hz probe tone thresholds.
Conclusions
Based on the 226 and 1000 Hz data, we hypothesize that the AR is not a sensitive measure of IHC pathology.
Research reported in this abstract was supported by the NIDCD of the National Institutes of Health under
award number R01DC014088.
T55. Dopamine Modulates Spontaneous Activity in a Subset of Type I Auditory Nerve Fibers
Inner Ear: Anatomy & Physiology
Marco Manca*1, Jingjing Sherry Wu1, Daniel Rejintjes1, Philippe F.Y. Vincent1, Sharma Kushal2, Eunyoung
Yi2, Elisabeth Glowatzki1
1
The Johns Hopkins University, 2Mokpo National University

pg. 87

The Association for Research in Otolaryngology (ARO)
The 44th Annual MidWinter Meeting
Tuesday, February 23, 2021, U.S. Eastern Time Zone

Background
The first synapse in the auditory pathway is the glutamatergic synapse between inner hair cells (IHCs) and
type I auditory nerve fibers (ANFs). The sound signal leads to a receptor potential in IHCs that causes a change
in action potential firing rate in ANFs.
ANFs show a wide range of spontaneous firing rates (SRs), some of which are categorized as low-SR and
high-SR ANFs. Based on ANF recordings in vivo and subsequent histological assessment, in cat and guinea
pig, these two groups preferentially contact the IHC on different sides, with low-SR ANFs contacting the
“modiolar” side and high-SR ANFs contacting the “pillar” side (Liberman, 1982; Tsuji and Liberman, 1997).
ANFs are contacted by the lateral olivocochlear (LOC) efferent neurons originating in and near the lateral
superior olive in the brainstem. Dopamine (DA), one of the neurotransmitters released by the LOC efferent
fibers, has been shown to reduce the ANF firing rate (Ruel et al., 2001; Wu et al. 2020). Moreover, Maison et
al. (2012) characterized expression patterns and knock-out phenotypes of specific dopamine receptor
subtypes, which showed that D1-like and D2-like receptors may play an important role in lateral efferent
function by protecting hair cell afferent synapses from noise-induced damage. However, thus far it has not
been shown yet how dopamine specifically affects low-SR and high-SR ANFs. The aim of this study therefore
is to investigate the role of dopamine in modulating ANF activity and its role in shaping the response of lowSR versus high-SR ANFs.
Methods
Extracellular “loose-patch” recordings were performed in excised cochlear tissue from P19 to P31 old Sprague
Dawley rats (Charles River Laboratories) directly from the ANF bouton endings (Wu et al. 2016) contacting
either the pillar or modiolar side of the IHCs. The extracellular solution contained 5.8 mM K+ and 1.3 mM
Ca2+. ANF firing rates were monitored while perfusing specific D1-like and D2-like receptor agonists (20
µM SKF 38393 (D1-like) and 20 µM Quinpirole (D2-like)), and antagonists (50 µM SCH23990 (D1-like) and
50 µM Sulpiride (D2-like)).
Results
Spontaneous firing rates of modiolar-side ANFs are significantly lower than those of pillar-side ANFs,
supporting previous work in vivo. Furthermore, dopamine significantly decreased spontaneous activity in lowSR ANFs, but not in high-SR ANFs. This effect could be repeated with a D1-like or a D2-like agonist.
Consistently, the dopamine effect was blocked with either a D1-like or D2-like antagonist.
Conclusions
These results show that dopaminergic lateral efferent input may differentially affect the spontaneous firing of
low- versus high-SR ANFs. Further work is needed to test dopamine effects on the activity of ANFs when
hair cells are depolarized.

T56. The Impact of Persistent and Resurgent Voltage-Gated Sodium Currents on Excitability in
Vestibular Ganglion Neurons
Inner Ear: Anatomy & Physiology
Selina Baeza Loya*1, Ruth Anne Eatock1
1
University of Chicago
Background
The vestibular inner ear transmits head-motion information to the brain via two populations of primary
vestibular ganglion neurons (VGNs), which differ in the regularity of action potential (AP) timing. The two
kinds of AP timing (regular and irregular) represent rate and temporal encoding, respectively (Jamali et al.,
Nat Comm 7:13229, 2016). Understanding the impact of diverse ionic currents on spike timing regularity and
waveform is therefore crucial to understanding how different sensory coding strategies arise. Although
voltage-gated sodium (NaV) currents are responsible for the rising phase of APs, their contributions to
differences in AP regularity are not fully understood. Rodent vestibular ganglia express all NaV channel α
and β subunits, including NaV1.6 which mediates NaV currents in vestibular calyceal terminals (Rennie and
Meredith, J Neurophysiol 124:510, 2020). NaV currents through a given α subunit can be transient
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(inactivating current), persistent (non-inactivating current), and/or resurgent (current flow after relief from
inactivation block). We are interested in how these modes of NaV current influence AP firing in VGNs.
Methods
We use biophysical and computational approaches to investigate. Whole-cell patch-clamp
electrophysiological recordings were taken from mouse VGNs (postnatal days, P, 3-25) that were isolated and
cultured overnight. However, it is difficult to experimentally distinguish the effects of transient, resurgent,
and persistent currents on spiking because we lack methods to isolate components. We therefore modified the
Kalluri group’s computational conductance-based VGN model (Hight and Kalluri, J Neurophysiol 116:503,
2016; Ventura and Kalluri, J Neurosci 39:2860, 2019), which included generic transient NaV current, by
adjusting and adding expressions for transient, persistent, and resurgent NaV components with properties
based on our data.
Results
In a sample of 68 VGNs, all had large transient NaV currents that were blocked by 1 µM TTX; 37 had
persistent NaV current (P3-25), 5 had resurgent NaV current (P17-20), and 3 (P17-20) had both persistent and
resurgent currents. Application of the NaV1.6 blocker 4,9-anhydro-tetrodotoxin (4,9-ah-TTX) indicated that
both transient and persistent currents had a substantial NaV1.6 component. In current clamp, 4,9-ah-TTX
decreased neuronal excitability: increasing current threshold for spiking in all VGNs and decreasing AP rate
in sustained (regular) VGNs. In the computational model, adding persistent and resurgent current components
had a negligible effect on firing by the model transient (irregular) VGN. For the model sustained (regular)
VGN, adding persistent and resurgent currents decreased spike latency (delay relative to current step onset)
and increased spike rate.
Conclusions
Increasing NaV channel availability in the after-spike interval with persistent and resurgent currents may
enhance the excitability of regular VGNs and so help to shape sensory encoding by the vestibular inner ear.
Supported by NIH DC012347 and HHMI Gilliam Fellowship for Advanced Study
T57. Electrocochleography: Assessing Adaptation and Recovery of the Auditory Nerve in Meniere’s
Disease
Inner Ear: Anatomy & Physiology
William Riggs*1, Meghan Hiss1, Varun Varadarajan1, Jameson Mattingly1, Edward Dodson1, Aaron
Moberly1, Oliver Adunka1
1
Ohio State University
Background
Meniere’s Disease (MD) is a debilitating disorder of the inner ear known to cause vertigo and hearing loss
accompanied by tinnitus and aural fullness. The pathophysiology of the disease is not well understood but it
is known to cause extensive damage to the organ of Corti and other regions of the cochlea and vestibular
system. Less is known about the affects MD has on the functional properties of the auditory nerve, specifically,
the inner hair cell/ auditory nerve synapse. Expanding our understanding of possible physiological
abnormalities may help shed light on differentiating symptoms of clinical presentations. This study aimed to
evaluate adaptation and recovery properties of the inner hair cell/ auditory nerve synapse in patients with MD
and compare these results with participants with known auditory nerve tumors and those with idiopathic
sensorineural hearing loss (SNHL).
Methods
Participants included 13 adults with MD (mean: 53.2 years), 13 adults diagnosed with a vestibular
schwannoma (mean: 47.2), and 8 adults and 1 pediatric participant with SNHL (mean: 54.9) who underwent
electrocochleography from the round window at the time of surgery. Stimulation for adaptation measurements
consisted of an initial 100 µs click followed by a gap of 10 ms and a train of 10 clicks (100 µs each). Adaptation
was calculated as the percent change in CAP amplitude of the response evoked by the final click of the click
train when referenced to the amplitude of the response evoked by the first click. Stimulation for adaptation
recovery measurements consisted of a train of seven clicks (“masker”) that were of 100 µs duration each with
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an inter-click-interval of 3 ms for each click followed by an 8th click (“probe”) which was spaced 5, 10, or 15
ms after the final click of the masker. To measure recovery, the CAP amplitude evoked by the probe click was
referenced to the amplitude of the response evoked by the initial click of the masker. Recovery was calculated
as the percent change in CAP amplitude between the two responses for each of the three stimuli.
Results
The average attenuation in CAP amplitude at the 11th click was -31% (SD: 23), -44% (SD: 18), and -37%
(SD: 25) for the MD, VS, and SNHL groups respectively, which was not statistically different among groups.
For adaptation recovery, it was found that the amount of attenuation at the 5 ms gap was statistically greater
than at the 10 ms and 15 ms gaps for all groups but that no difference among groups was found.
Conclusions
Preliminary results suggest that adaptation and recovery from adaptation using acoustic stimulation was not
different among the three groups, suggesting MD did not exhibit neural deficits that were different than those
with SNHL and neural hearing losses.
T58. Measurements of Reticular Lamina Radial Traveling Wave Parameters
Inner Ear: Cochlear Mechanics
Aleks Zosuls*1, Kamal Sen1
1
Boston University
Background
Inner hair cell stereocilia sense cochlear partition displacement when they bend in a cantilever like fashion as
a result of the shearing displacement between the reticular lamina and the tectorial membrane. The shearing
has a significant component of displacement that is in the same plane as the basilar membrane and is defined
here as radial displacement.
Methods
An optical image processing technique was used to measure radial displacement of the inner hair cell
stereocilia of Chinchilla chinchilla. Measurements were made in 16 excised ears at three clusters of lengths
along the basilar membrane. An oscillating probe with a tip diameter of 20 micrometers was used to drive the
basilar membrane transversely through a window in the bone of the scala tympani. The stimulus was discrete
sinusoids of 400 nm amplitude over a range of frequencies from 10 Hz to 42.5 kHz. While this is not a typical
physiological stimulus of the cochlear partition, the point source nature simplifies the detection and analysis
of wave propagation modes.
Optical stroboscopic transmitted light microscopy was used to acquire the displacement field in the plane of
the reticular lamina. A 20x or 40x water immersion objective was focused on the cochlear partition through a
window made in the bone of the scala vestibuli. The motion of the inner hair cell stereocilia was calculated
over a 300-micrometer length along the cochlear partition by tracking regions of interest in 8 successive
images that were each 45 degrees advanced in phase from the previous image.
Results
Traveling wave velocity and wavelength were calculated from the spatial wave fields at frequencies near the
center frequency (CF). CF was determined by observation of a peak in the magnitude of the frequency
response. The traveling wave calculations were separated into both apical and basal directions from the probe.
In the most basal locations (CF 5 kHz - 10 kHz) the wavelength near CF ranged from 260 to 561 um, with a
velocity range of 3.1 to 6.3 m/s. In the second turn (CF 1 kHz – 2 kHz) the wavelength ranged from 418 to
2780 um, with a velocity of approximately 1.4 to 3.4 m/s. In the third turn (CF 400 Hz – 800 Hz) the
wavelength ranged from 720 to 4790 um, with a velocity of approximately 0.7 to 2.4 m/s.
Conclusions
In all three locations the wavelength decreased as the frequency approached CF. In all three locations, below
CF, there were waves propagating both apical and basal from the probe location. On average, at the three
location clusters, the wavelength at CF decreased with increasing frequency place. The wave velocity was
higher at higher frequency CF locations.
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T59. Effect of Round Window Reinforcement on Intracochlear Sound Pressure in Normal Human
Temporal Bones
Inner Ear: Cochlear Mechanics
Sonia Tabibi*1, Nuwan Liyanage1, Lukas Prochazka1, Adrian Dalbert1, Ivo Dobrev1, Christof Röösli1,
Alexander Huber1, Flurin Pfiffner1
1
University of Zürich
Background
Changes of the round window (RW) stiffness or the RW reinforcement has been used as a surgical option for
the treatment of superior semicircular canal dehiscence and hyperacusis. The aim of this study is to investigate
how the RW reinforcement affects the sound pressure difference across the basal part of the cochlea partition
and if it correlates with modified hearing sensation of treated patients.
Methods
Six cadaveric human temporal bones (HTBs) were used in this study. Acoustic stimuli in the form of a stepped
frequency-modulated-sine signal within the frequency range of 200 Hz to 10 kHz and sound pressure levels
between 80 dB SPL to 120 dB SPL were fed through a speaker in an artificial ear canal to the tympanic
membrane. In each HTB, the middle ear transfer function and phase difference between the stapes and the
RW at low frequencies were measured to confirm functionality of the middle and inner ear. A surgeon
performed a cochleostomy in scala tympani (ST) and scala vestibuli (SV) at the basal part of the cochlea and
the inserted intracochlear acoustic receiver (ICAR) was sealed with soft tissue and dental impression material
(Jeltrate). Simultaneous sound pressure measurements in ST and SV have been conducted while the RW was
reinforced with three different materials (soft tissue, cartilage and medical-grade silicone).
Results
The intracochlear sound pressure in the ST was increased after the RW reinforcement at frequencies below 2
kHz. Between 400 Hz and 600 Hz, all three materials show the highest mean relative pressure increase. The
higher the stiffness is, the more the relative pressure increases; silicone (8.6±7.2 dB) < soft tissue (9±6.9 dB)
< cartilage (12.2±9 dB). The intracochlear sound pressure in SV was not significantly affected by the
reinforcement (mean relative pressure increase < 4 dB).
Conclusions RW reinforcement increases the sound pressure in ST at lower frequencies (below 2 kHz) while
the sound pressure in SV does not change significantly. As a result, the smaller pressure difference across
cochlear partition might correlate with clinically observed reduced hearing sensation of treated patients at low
frequencies.

T60. Difference of Sound Pressures Between Scala Vestibuli and Scala Tympani Determines Human
Auditory Performance
Inner Ear: Cochlear Mechanics
Wenjia Hong*1, Yasushi Horii1
1
Kansai University
Background
Why human audiogram has a frequency dependency?
Generally, the standard audiogram has a small dip around 10KHz. This is a small but extremely important
message from ears that our auditory system is working in a different mechanism from the traditional theory,
that is, V. Békésy’s traveling wave theory. From our recent studies, we find that the sound-pressure-difference
between scala vestibuli (SV) and scala tympani (ST) seems to determine the human auditory performance.
For this, we need to assume that compression waves (in other words, fast waves or acoustic plane waves,
traveling in perilymph with the velocity of 1500m/s) travel from SV to ST, and hit the round window (RW).
The RW plays an important role in sound reflection. Outside of the RW is the low-impedance air environment
of the middle ear cavity and inside of it is the high-impedance liquid environment of the ST. When the
compression wave reaches the RW from the ST side, the RW causes maximum displacement and the sound
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pressure becomes zero there. This means that the RW works as a fixed end reflector (a node of the standing
wave) and standing-waves are generated in the cochlea in response to the sound-wave frequencies.
Methods
In this study, a straight cochlea model is designed by using commercial software COMSOL Multiphysics. The
SV and ST are modeled by stacking two identical elongated rectangular parallelepipeds filled with water. One
end of the SV is set as an excitation plane, and the same side of the ST is set as a fixed end reflector. The other
sides of them are connected by a small hole assuming the helicotrema. A sinusoidal sound wave f0 is excited,
and the sound-pressure-difference between the SV and ST is read at the position f0 indicated by the tonotopy
map. By repeating this task, and by overlapping the outer and middle ears’ frequency properties, the
theoretically estimated audiogram was obtained finally.
Results
Surprisingly, this audiogram is consistent with the standard human audiogram. A small dip is also observed
around 10KHz. At 10KHz, since the wavelength of the compression wave is about 150mm in perilymph, the
SV and ST lengths are coincident with a quarter wavelength in each. This means that the distributions of the
standing-wave in the SV and ST become the same and hearing sensitivity is largely lost. However, in the highfrequency region above 10KHz, the sensitivity is slightly recovered because the phases of the standing-waves
in the SV and ST become opposite and make the sound-pressure-difference increases. In addition, the
maximum sensitivity also can be obtained around 4000Hz.
Conclusions
These results suggest that human auditory performance is determined by the compression-wave-based
standing-wave-distributions in the cochlea.
T61. Influence of Air-Bubbles in Cochlea on Sound Detection of Auditory System
Inner Ear: Cochlear Mechanics
Airi Tamaki1, Keisuke Sato1, Wenjia Hong1, Yasushi Horii*1
1
Kansai University
Background
Generally, sudden ascent during diving may cause serious hearing loss (HL) because of generation of airbubbles in cochlea. In such a case, the patients should be repressured in a specific chamber until the airbubbles are completely dissolved in lymph. This conventional treatment has been used as an effective way to
recover from such HL. However, the HL mechanism when air-bubbles exist in the scala vestibuli (SV) or
scala tympani (ST) has not been elucidated yet.
Methods
Recently, we are focusing on compression-waves (in other words, acoustic plane waves or fast waves with
propagation velocity of 1500m/s) traveling in cochlea, and proposed two hypotheses, “micro-resonance in
outer hair cells (OHCs)” in 2019 and “cochlea standing wave theory” in 2018. In this presentation, we try to
explain the mechanism of “inner ear decompression sickness (IEDCS)” based on our new hypotheses.
The compression-wave is excited at the oval window (OW) by the vibration of stapes, and then, travels from
the SV to ST through the helicotrema. And, it is reflected by the round window (RW) with maximum
membrane displacement and zero pressure there. Therefore, the forward-wave excited at the OW and the
backward-wave reflected at the RW exist at the same time in cochlea and they make an interaction, leading to
generating standing waves there. Our hypotheses claim that each OHC detects the sound pressure difference
between the SV and ST in accordance with the cochlear tonotopy.
An unrolled cochlea is simulated by COMSOL Multiphysics. The SV and ST are modeled by stacked
elongated rectangular blocks. An excitation port is given to the SV basal side, and a reflector is designed at
ST basal side, while the SV and ST are connected in the apical region by a small hole, helicotrema. Then, the
influence of round air-bubbles and rectangular air-blocks were studied.
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Results
In the simulation, it was observed that a small air-bubble degrades the waves propagating beyond it, and a
large air-block stops the propagation significantly. Therefore, even though the air exists in the ST, the
incoming compression-wave can travel beyond the helicotrema and all the OHCs have a chance to detect
sounds. However, when the air exists in the SV, since the incoming compression-wave cannot pass through
the air region, the OHCs at the apical side beyond the air cannot detect sounds, leading to significant HL at
the lower audio frequencies.
Conclusions
These results show good agreement with the medical reports on IEDCS. In such a way, apart from V. Békésy’s
traveling-wave theory, some auditory physiology and hearing diseases might be explained on a basis of our
new approach.
T62. Observations of Click-Evoked Electrocochleography During Translabyrinthine Approach for
Resection of Vestibular Schwannoma
Inner Ear: Cochlear Mechanics
Meghan Hiss*1, William Riggs1, Jameson Mattingly1, Varun Varadarajan1, Edward Dodson1, Aaron
Moberly1, Oliver Adunka1
1
Ohio State University
Background
Translabyrinthine approach for resection of a vestibular schwannoma results in total hearing loss in the
surgical ear. It remains unclear how progression of the drilling of the inner ear labyrinth affects cochlear
function and mechanics during this procedure; particularly since only the vestibular portion of the inner ear is
removed and thus the cochlear portion remains intact. Electrocochleography (ECochG) has been utilized to
monitor changes in the status of the inner ear during various time points throughout this surgical procedure. It
is not well understood how the potentials of the ECochG response change at different surgical steps in response
to a broadband stimulus. We aimed to study changes in the click-evoked waveform response during surgical
ablation of the vestibular system as this may shed light on the origins of the ECochG potentials, specifically
the summating potential (SP), which could have clinical implications.
Methods
Nine adult subjects who underwent translabyrinthine approach for vestibular schwannoma removal and had
click-evoked electrocochleography (ECochG) recorded from the round window using a monopolar probe at
the time of surgery were included in this study. Recordings were obtained at three time points throughout the
drilling of the labyrinth: labeled “baseline”, “lateral open”, and “labyrinthectomy complete”. Various
subcomponents of the ECochG signal were analyzed at each time point in terms of amplitude and latency.
Results
All subjects had ECochG responses throughout all three surgical steps. The results demonstrate that, for most
subjects, the SP remained fairly stable throughout the various time points; however, the compound action
potential (CAP) often reduced in amplitude or was lost altogether. Interestingly, the SP also appeared to
increase in amplitude from “baseline” to “lateral open” for several subjects.
Conclusions
ECochG is a useful tool for monitoring changes to the inner during resection of a vestibular schwannoma via
translabyrinthine approach. Our approach yielded interesting information about the behavior of the SP, which
could ultimately be used to better inform interpretation of the click evoked ECochG response from a diagnostic
standpoint. Further research using this monitoring technique while incorporating more complex stimuli should
be considered.
T63. Evaluating Phosphatase and Protease Inhibitor Compounds as Potential Therapies for
Mammalian Hair Cell Loss
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Inner Ear: Damage & Protection
Taylor Wyrick*1, Clara Draf1, Eduardo Chavez1, Kwang Pak1, Allen F Ryan1
1
University of California, San Diego
Background
Cellular signaling requires proper functioning of phosphatase enzymes to regulate cell activities by
maintaining balance and duration of activity in signaling and effector proteins. This includes the de-activating
cell survival pathways. Moreover, the activity of phosphatases can regulate, or be regulated by, cell death
signaling. Protease also play a significant role in apoptosis by breaking down cellular proteins. The activity
of phosphatases and proteases may thus be involved in loss of hair cells (HCs). Our objective was to screen
compounds targeting different phosphatase and protease enzymes to examine their effects on HC damage.
Methods
The Screen- Well Phosphatase Library consisting of 33 compounds with specific phosphatase targets & the
Screen-Well Protease Library containing 63 inhibitor compounds were used to screen an in vitro mouse model
of HC ototoxicity. Organ of Corti (oC) tissue from postnatal 3-5 pou4f3/GFP transgenic mice in which HCs
express green fluorescent protein (GFP) was used to screen both libraries. The oC was microdissected and the
basal and middle turns segmented into microexplants. Each microexplant was placed into an individual well
of a 96-well plate with DMSO and cell culture media. Triplet samples were treated with 200 m gentamicin
(GM) with varying dosages of each phosphatase or protease inhibitor. Cell culture media served as a negative
control, and microexplants treated with only gentamicin served as a positive control. A final set of controls
was exposed only to the most concentrated dose of the test compound. All controls contained DMSO. Samples
were imaged prior to gentamicin exposure and every 24 hours thereafter for 72 hours. HCs were counted and
HC survival was documented for each day.
Results
Six inhibitors exhibited a significant protective effect on HC loss. Tyrosine phosphatase inhibitors RK-682 &
RWJ-60475 and Levamisole HCl, a mammalian alkaline phosphatase inhibitor that disrupts MAPK signaling,
promoted HC survival. The protease inhibitors epillocatechin gallate and CL82198 HCl, which are matrix
metalloprotease (MMP) antagonists, exhibited a protective effect, as did the prolyl endopeptidase antagonist
Z-prolyl-prolinal.
Conclusions
The results indicate that tyrosine kinase activity and some specific aspects of MAPK signaling contribute to
HC loss as does MMP activity and degradation of proline-rich proteins. The inhibitors identified may be
targets for therapeutic development.
T64. Protective Effect of Honokiol in Noise-Induced Hearing Loss
Inner Ear: Damage & Protection
Xiaodong Tan*1, Aditi Agarwal1, Yingjie Zhou1, Claus-Peter Richter1
1
Northwestern University
Background
Noise-induced hearing loss (NIHL) is related to the generation of excessive reactive oxygen species (ROS) in
the mitochondria after intense metabolic activities, which leads to cell damage in the cochlea. Possible
candidates to remove ROS and to prevent cell death are antioxidants, growth factors, or apoptosis inhibitors.
However, systemic administration of these drugs is usually inefficient because of the blood-inner ear barrier.
Besides, they also have other undesirable effects such as toxicity and interference with the systemic
antineoplastic activity, thus transtympanic, a local drug administration method is often required. This is
different with honokiol (HNK), a purified herbal multi-functional molecule. It is non-toxic, highly efficient in
vivo, and protects multiple tissues, including the brain, liver, kidney, and heart, from oxidative stress.
Recently, studies in cardiac fiber blast cells showed that HNK works through the direct activation of sirtuin 3
(SIRT3), a deacetylase exclusively expressed in mitochondria and dominant for ROS detoxification.
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Activation of SIRT3 deacetylates intrinsic free radical detoxifying molecules and therefore improves
mitochondria function.
We have shown in our previous publications that the systemic administration of HNK had a strong and
effective hearing protective effect in both treatments. This protection is associated with increased SIRT3 and
decreased apoptosis-related gene expression levels. In addition, the role of intrinsic SIRT3 is insignificant in
mild noise trauma. Considering the similarities of the molecular mechanism underlying different hearing
impairment, the protective effect of HNK in NIHL was tested in this study.
Methods
HNK (20 mg/kg) was injected intraperitoneally 1 hour prior to and 1 day after noise exposure (8-16 kHz band
noise, 90 dB SPL for 2 hours) in adult C57BL/6J mice. Auditory brainstem responses (ABR) were measured
pre- and post-treatment throughout the study to examine the changes in hearing threshold. After euthanasia
and fixation, immunostaining and confocal microscopy of cochlear whole mounts were performed for OHC
survival, synapse change, and Sirt3 expression. X-ray computed tomography imaging was also performed in
some samples. In addition, Sirt3 knockout (SIRT3-/-) mice were also used for honokiol treatment and Sirt3
expression as a negative control.
Results
1) HNK treatment significantly reduced the threshold elevation induced by noise exposure.
2) HNK application increased the expression of Sirt3 in wild type animals, but not in SIRT3-/- mice.
3) Serious early-onset hearing loss (EOHL) was observed in SIRT3-/- mice which was progressed over time
till 3 months.
4) HNK treatment also slow down the progress of the EOHL in SIRT3-/- mice.
Conclusions
Honokiol activates Sirt3 in cochlea and plays a role in hearing protection against noise trauma. However, other
mechanisms might also be involved in the hearing protective effect of HNK. As a food supplement, HNK
could be a breakthrough for hearing protection against various insults such as noise, drug, and age.
T65. Ototoxicity Associated With COVID-19 Drugs
Inner Ear: Damage & Protection
Yuying Huang*1, Shaikh Emdadur Rahman1, Aoxiang Tao1, Matthew Caylor1, Dong Xu1
1
Idaho State University
Background
With the COVID-19 pandemic raging around the world, a large number of therapeutics are being repurposed
and fast-tracked through clinical trials to fight the new coronavirus. However, the aggressive drug
development timeline may have consequences that drug-induced side effects, including ototoxicity, are
potentially overlooked.
Methods
Using a retrospective clinical data mining approach, we screened and examined anti-parasitics, antivirals,
macrolide antibiotics, and their combinations used in recent COVID-19 clinical trials. The in-silico ototoxicity
assessments were further validated using the zebrafish lateral line neuraomast hair cell assays.
Results
Our clinical data-driven in silico screening corrected identified known ototoxic drugs in these three drug
classes. It also predicted previously unknown ototoxic drugs and drug combinations, which were supported
by in vivo data obtained from the zebrafish assays. Dose-dependent hair cell damage was observed.
Conclusions
This work has public health significance particularly amid the ongoing pandemic. It also demonstrated that
our novel in silico approach enables rapid and systematic drug ototoxicity screening and assessment. Followup studies are underway to further validated the findings using mouse cochlear culture and/or rodent in vivo
models.
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T66. NGR1 Ko Mice Regenerate Auditory Nerve Function From Noise-Induced Hearing Loss
Inner Ear: Damage & Protection
Lei Song1, Lisa Zhang2, Kerry Beasley2, Bingbing Xie2, Joseph Santos-Sacchi2, Dhasakumar Navaratnam*2
1
Shanghai Jiao Tong University School of Medicine, 2Yale University School of Medicine
Background
Nogo receptor (NgR) is a modulator that inhibit axonal regrowth in adult animals (Delekate et al., 2011;
GrandPre et al., 2002; GrandPre et al., 2000; Kim et al., 2004; Zagrebelsky et al., 2010). Nogo-66 binds to
Nogo-A receptor 1 (NgR1). NgR1 serves as the receptor for several axonal growth inhibitors, such as MAG,
OMgp, and CSPGs (GrandPre et al., 2002; Liao et al., 2004), but may mediate axonal branching during
development (Iketani et al., 2016). It is an important mediator for axonal growth inhibition (Kempf et al.,
2013). Knockout of NGR1 allows the animal to maintain a lasting neural plasticity ability into adulthood,
promotes neurite outgrowth under injury (Kim et al., 2004).
Methods
Auditory brainstem response (ABR), distortion product otoacoustic emissions (DPOAE) were recorded in WT
and NgR1 KO mice before and periodically after noise damage. Evidence of synaptopathy was established by
efferent nerve counts and CTBP2 staining of inner hair cells.
Results
In this study, we exploit the lasting robust plasticity in adult NgR1 KO mice and test whether inhibition of
Nogo could facilitate hearing recovery after noise-induced acoustic trauma. Using one episode of 2-hour, 98
dB SPL 8-16 kHz bandpass noise, we successfully induced cochlear synaptopathy that recovers in ABR
threshold over two-weeks’ time period. Compared to WT control, NgR1 KO mice first suffer a more severe
hearing loss after noise exposure, a phenomenon not previously characterized in other sensory and motor
neuron functions in the NGR1 KO model. Over the following two weeks the recovery of threshold is complete,
and similar to controls. In addition, NGR1 KO exhibited a strong rebound from temporary hearing loss with
complete ABR wave I amplitude and latency recovery, compared to a residual drop of amplitude and
prolongation of wave I latency in controls. Synaptic ribbon counts also support the recovery of neuronal
function at the IHC-SGN level.
Conclusions
The finding suggests inhibition of Nogo function as a treatment option for noise-induced hearing loss and a
potential co-applicator in CI that help either retain or boost residual auditory nerve function.
T67. Impulse Noise Induced Cochlear Synaptopathy
Inner Ear: Damage & Protection
Paul Gratias1, Jean-Charles Ceccato2, Jamal NASR1, Sylvie Pucheu3, Corentin Affortit1, Jean Luc Puel1, Jing
Wang*1
1
INSERM U1051, 2University of Montpellier, 3CILcare
Background
Noise-induced hearing loss is a common cause of hearing impairments in industrialized countries. It’s well
known that high intensity noise exposure damage sensory hair cells leading to a permanent threshold shift.
Recent studies demonstrated that reversible continuous noise exposure may induce a temporary threshold
shifts (TTS) with a permanent degeneration of auditory nerve fibers, although hair cells remain intact. In this
study, we test the hypothesis that impulse noise exposure causing only TTS can also produce cochlear
synaptopathy with minimal hair cell loss.
Methods
CBA/J Mice were exposed to an impulse noise (peak pressure: 146 dB SPL, 1 pulse/second, for 700 seconds)
to provoke an irreversible degeneration of auditory nerve fibers without permanent threshold shifts. The
cochlear presynaptic and postsynaptic functions were investigated using auditory brainstem responses
(ABRs), cochlear compound action potential (CAP) and distortion-product otoacoustic emissions (DPOAEs).
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The generation of hyperacusis and tinnitus was assessed using the acoustic startle response (ASR), namely,
prepulse inhibition (PPI) of startle and Gap PPI tests, and the latter is often used to assess tinnitus. Besides the
functional and behavior tests, the numbers of synapses, cochlear nerve fibers and hair cells were counted using
confocal microscopy, transmission (TEM) and scanner (SEM) electron microscopy, respectively.
Results
Our results showed that two weeks after noise exposure, DPOAE amplitudes and both ABR and CAP
thresholds had mostly recovered, suggesting recovery of hair cell function, which was confirmed by SEM
evaluations. On the other hand, the suprathreshold CAP and ABR amplitudes were reduced. Confocal analysis
and TEM evaluation of the cochlear sensory epithelium showed loss of inner hair cell synapses and cochlear
nerve fibers. Furthermore, mice with cochlear neuropathy displayed hyperresponsivity to sound, evidenced
by enhanced ASR or PPI.
Conclusions
These results clarify the pathology underlying impulse noise-induced sensory dysfunction, and suggest
possible links between impulse noise injury, hidden hearing loss, and perceptual abnormalities.
T68. ASK1: A Molecular Target for Preventing Aminoglycoside Induced Hearing Loss
Inner Ear: Damage & Protection
Jacqueline Ogier*1, Yujing Gao2, Eileen Dunne2, Michael Wilson3, Sarath Ranganathan4, Gregory Tesch5,
David Nikolic Paterson5, Rachel Burt3, Bryony Nayagam2, Paul Lockhart3
1
University of Toronto, 2University of Melbourne, 3Murdoch Childrens Research Institute, 4Royal Childrens
Hospital, 5Monash University
Background
Aminoglycoside antibiotics are lifesaving medicines that can cause hair cell death. Therefore, treated
individuals can develop permanent high-frequency hearing loss and vestibular impairment. There is
considerable evidence that reactive oxygen species (ROS) and the subsequent phosphorylation of c-Jun Nterminal kinase (JNK) and P38 mitogen-activated protein kinase (P38) drives apoptosis in aminoglycosidetreated hair cells. However, strategies directly inhibiting ROS, JNK or P38 are limited by the importance of
these molecules for normal cellular function. Alternatively, the upstream regulator apoptosis signal-regulating
kinase 1 (ASK1/MAP3K5), is a key mediator of ROS-induced JNK/P38 activation under pathologic but not
homeostatic conditions.
We investigated the role of ASK1 as a mediator of drug-induced hair cell death.
Methods
In vitro mouse cochlear explants were used to (1) Investigate the effect of Ask1 deficiency on resistance to
aminoglycoside-induced sensory cell death, (2) Investigate the efficacy of an ASK1 inhibitor in promoting
sensory hair cell survival, (3) assess the effect of an ASK1 inhibitor on JNK and P38 phosphorylation, and,
(4) The broth dilution test evaluated aminoglycoside efficacy when co-administered with the ASK1 inhibitor.
Results
In vitro, Ask1 deficiency significantly attenuated neomycin-induced hair cell death. Pharmacological
inhibition of ASK1 also significantly attenuated aminoglycoside induced hair cell death. Phospho-P38 was
significantly reduced in inhibitor treated explants and a trend for reduced JNK phosphorylation was also
present. ASK1 inhibition did not impair aminoglycoside efficacy against pseudomonas aeruginosa in vitro.
Conclusions
This project is the first to investigate ASK1 specifically in the auditory pathway of mice. Important insights
were made regarding the role of ASK1 as a regulator of P38/JNK mediated hair cell death, and overall, ASK1
was found to be an important mediator of hair cell death. Of particular clinical importance ASK1 inhibition
afforded protection against aminoglycoside toxicity, without affecting antibiotic efficacy against P.
aeruginosa. This suggests that systemic interactions between primary treatment and an adjuvant ASK1
inhibitor therapy are unlikely. Whilst this must still be assessed in vivo, the safety of ASK1 inhibitors taken
orally in clinical trials, combined with our observations, suggest that ASK1 inhibition could be applied as an
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otoprotective strategy in the clinic. Overall, our data provides significant pre-clinical evidence that ASK1
inhibition is a feasible strategy that should be further evaluated for preventing aminoglycoside ototoxicity in
humans.
T69. VEGF-A165 Gene Therapy Ameliorates Strial Blood-Barrier Breakdown Induced Hearing Loss
Inner Ear: Damage & Protection
Jinhui Zhang1, Zhiqiang Hou1, Xiaohan Wang1, Han Jiang1, Lingling Neng1, Yunpei Zhang*1, Qing Yu1,
George Burwood1, Junha Song2, Manfred Auer2, Anders Fridberger3, Michael Hoa4, Xiaorui Shi1
1
Oregon Health & Science University, 2Lawrence Berkeley National Laboratory, 3Linköping University,
4
National Institutes of Health
Background
Millions of people are affected by hearing loss. When hearing loss is caused by noise or aging, it is often
associated with the breakdown of the barrier between the cochlea and blood vessels supplying it. Pericytes
(PCs) populate many of these small vessels in the adult inner ear, however, the role of pericytes in different
forms of hearing loss is largely unknown.
Methods
To directly investigate the role of PCs in maintaining vascular integrity and hearing function, we depleted PCs
in the cochlea in a genetically inducible/conditional mouse model (Pdgfrβ-CreERT2/iDTR) in vivo. To
evaluate the effect of endothelial growth factor isoform A165 (VEGF-A165) on pericytes during angiogenesis,
a strial tissue explant model cultured in a 3D matrigel® matrix was used in vitro. Assessment of adenoassociated virus serotype 1 (AAV1)-mediated VEGF-A165 gene therapy was conducted both in vitro in the
cultured pericyte and strial tissue explant and in vivo in the cochlea. Multiple research approaches were used
in this study including intravital fluorescence microscopy, immunocytochemical staining, real-time
quantitative RT-PCR, endocochlear potential measurement with an electrode through the scala media, and
auditory brainstem response to test hearing function.
Results
Our studies find that loss of pericytes leads to marked changes in vascular structure, resulting in poor blood
circulation and hearing loss in vivo. In vitro, using advanced tissue explants from pericyte fluorescence
reporter models in combination with exogenous donor pericytes, we show pericytes, signaled by VEGF-A165,
vigorously drives new vessel growth in both adult and neonatal mouse inner ear tissue. In vivo, the delivery
of an AAV1-mediated VEGF-A165 viral vector to pericyte depleted animals regenerated lost pericytes,
improved blood supply, reduced loss of sensory hair cells, and attenuated hearing loss.
Conclusions
Our studies provide the first clear-cut evidence that pericytes are critical for adult hearing and are needed for
regeneration of cochlear vasculature. Restoration of vascular function in the damaged inner ear with AAV1mediated VEGF-A165 gene therapy is a new strategy for ameliorating vascular associated hearing disorders,
including for amelioration of common forms of age-related hearing loss.

T70. Small-Molecule BDNF Mimetic 7,8,3’-Trihydroxyflavone Does Not Promote Auditory Nerve
Preservation After Gelatin Sponge-Mediated Delivery in Deafened Guinea Pigs
Inner Ear: Damage & Protection
Henk A. Vink*1, Willem C. van Dorp1, Hans G.X.M. Thomeer1, Huib Versnel1, Dyan Ramekers1
1
University Medical Center Utrecht
Background
There is evidence that in human cochlear implant (CI) users, the health of the auditory nerve is compromised,
which may negatively impact CI effectiveness. In numerous animal studies, it has been reported that treatment
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with neurotrophic compounds can reduce degeneration of spiral ganglion cells (SGCs) after severe loss of
cochlear hair cells. In the present study, we compared the preservative effects of the small-molecule TrkB
agonist 7,8,3’-trihydroxyflavone (THF) to the naturally occurring tyrosine receptor kinase B (TrkB) agonist
brain-derived neurotrophic factor (BDNF) on the auditory nerve in ototoxically deafened guinea pigs. The
BDNF mimetic THF may be more effective than BDNF throughout the cochlea because of better
pharmacokinetic and -dynamic properties as suggested by a study in deafened mice (Yu et al., J. Neurosci. 33:
13042–13052, 2013).
Methods
The neurotrophic compounds were delivered two weeks after deafening by placement of a gelatin sponge on
the perforated round window membrane (Havenith et al., Otol. Neurotol. 36: 705–713). To complement the
histological data, electrically evoked compound action potential (eCAP) recordings were performed four
weeks after treatment initiation to assess nerve responsiveness. Specifically, we analyzed the eCAP interphase gap (IPG) effect and measures derived from pulse-train evoked eCAPs, both known to be indicative of
neural health (Ramekers et al., J. Neurosci. 35: 12331–12345, 2015).
Results
THF treatment did not yield a significantly higher survival of SGCs in than untreated controls, in contrast to
BDNF treatment, which significantly enhanced SGC survival in the basal cochlear turn. This survival was
paired with positively affected IPG effect, i.e., the BDNF-treated animals exhibited more normal-like
responses than both untreated and THF-treated animals. Additionally, with BDNF treatment, but not THF
treatment, the eCAP latency increase that occurs with high-frequency pulse-train stimulation was significantly
larger than that for the untreated controls, again suggesting more normal-like responsiveness.
Conclusions
We have not been able to confirm the previously reported protective effect of THF with our clinically
applicable gelatin-sponge mediated approach, whereas with the same delivery method we confirmed the
protective effect of BDNF. Therefore, focusing on BDNF as a means to preserve the auditory nerve is a
prudent course for the future. Additionally, the present study underlined the correlation between several eCAP
measures (including the IPG effect) and SGC survival; this is particularly useful as these outcome measures
could potentially be used to estimate neural health in human CI users.
T71. Reduced Pou4f3 Expression in the Inner Hair Cells of the Mouse Cochlea Causes Increased
Vulnerability to Noise-Induced Cell Death
Inner Ear: Damage & Protection
Jarnail Singh*1, Brandon Cox1
1
Southern Illinois University School of Medicine
Background
The irreversible loss of hair cells in the mammalian cochlea results in permanent hearing loss. The
transcription factor, Pou4f3, is expressed in cochlear hair cells from differentiation through adulthood and is
a key factor that regulates survival of these cells under normal conditions since the downstream targets of
Pou4f3 include Gfi1, Stat3, and Caprin1, genes which are known to regulate apoptosis. However, the role of
Pou4f3 in stressed hair cells is unknown. Multiple insults including exposure to excessive noise, ototoxic
drugs, and ageing leads to death of sensory hair cells of cochlea. Inner hair cells (IHCs) are generally more
resistant to all of these insults as compared to outer hair cells (OHCs) and studies have shown that Pou4f3 is
expressed at a higher level in IHCs than OHCs. Here, we investigated the hypothesis that reduced Pou4f3
expression in IHCs will make them vulnerable to noise-induced cell death.
Methods We used tamoxifen inducible vGlut3-P2A-iCreER:Pou4f3+/loxP mice to reduce the level of Pou4f3
expression specifically in IHCs. One week after tamoxifen injection, mice were exposed to 8-16 kHz octave
band noise at either 110 dB SPL for 1 hour or 116 dB SPL for 1 or 2 hours, followed by temporal bone
collection for assessment of hair cell death at 1-week post-noise. The majority of OHCs were missing after all
of these noise exposure paradigms and IHCs were manually quantified from confocal images of whole-mount
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cochlear turns immunostained with an anti-myosin VIIa antibody. Cre-negative littermates with normal levels
of Pou4f3 expression were used as controls.
Results
Preliminary results from IHC counts showed no significant differences at both intensities when the exposure
lasted only 1 hour. Interestingly, when exposed to 116 dB SPL noise for 2 hours, there appeared to be
decreased numbers of IHCs in all turns of the cochlea in the mice with reduced Pou4f3 expression compared
to littermate controls. While these preliminary data suggest that reduced expression of Pou4f3 makes IHCs
more susceptible to noise-induced cell death, there was variable response among samples and further
investigation is needed. We are also investigating whether reduced Pou4f3 expression in IHCs affects the
number of ribbon synapses after noise exposure, using all three paradigms.
Conclusions
Our findings suggest that Pou4f3 could serve as a potential target for developing drugs for otoprotection.
T72. A Novel Inner Ear Nano Delivery Model for Non-invasive Inner Ear Gene Therapy
Inner Ear: Drug Delivery
Eunsoo Yoo*1, Rui Ma1, Ashrita Nagpal1, Daqing Li1
1
University of Pennsylvania
Background
Sensorineural hearing loss (SNHL) is one of the most common sensory deficits in humans, affecting around
420 million people worldwide. SNHL is primarily attributed to inner ear dysfunction. A lot of studies have
been reported for restoring hearing with inner ear gene therapy in mouse models, but safe delivery of genetic
materials and therapeutic genes to the inner ear structures has been a challenge to physicians in the treatment
of inner ear disorder including SNHL. The present study demonstrates a novel inner ear delivery system for
studying nano-based inner ear gene therapy in a noninvasive approach.
Methods
A rotatory magnetic device (RMD) was developed to deliver multifunctional nanoparticles (MFNPs) traveling
along a spiral-shaped glass tube like the cochlea. MFNPs were composed of superparamagnetic iron oxide
nanoparticles (SPIONs) which were synthesized by the thermal decomposition method. To conjugate
biomaterials, PCL-PEG with SPION micelles formation was performed using a self-assembly method. A
single-chamber assay was performed to verify the efficacy of inner ear detoxification with glutathione
conjugated MFNPs.
The delivery of MFNPs was performed with RMD in the spiral-shaped glass tube. The direction and
movement speed of MFNPs in the tube were controlled by RMD. In order to evaluate the utility of these
nanoparticles, a study on glutathione-cisplatin regulation was conducted. The PCL-PEG SPION micelles were
conjugated with glutathione and the sealed glass tube was filled with cisplatin in PBS. The SPION-glutathione
MFNPs were moved into the tube traveling from the base to apex and then collected outside of the tube. Levels
of cisplatin concentration both from collected MFNPs and PBS in the tube were measured.
Results
An in vitro inner ear model constructed with a spiral-shaped glass tube was successfully used to evaluate
MFNP inner ear delivery. The present study demonstrated that the MFNPs were able to move from the base
to the apex of the in vitro cochlear model under the operation of RMD. Furthermore, the speed and direction
of the MFNP movement can be precisely controlled. When conjugated with glutathione, these MFNPs can
successfully sequester cisplatin from the “inner ear” in this model. The present study indicates that the MFNPs
controlled by RMD may be used as a vehicle to non-invasively deliver or remove drug/biomaterial into or
from the inner ear.
Conclusions
In conclusion, our novel inner ear nano delivery system can be successfully used for inner ear drug/biomaterial
application. The delivery process with this system is a non-invasive method to the “inner ear”. This system is
being validated in our mouse model for inner ear drug/biomaterial delivery. We believe that this system can
be safely applied to the inner ear drug/biomaterial delivery without damaging inner ear structures.
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T73. AAV-Mediated Gene Therapy Improves Vestibular Function in a Mouse Model of Usher
Syndrome Type 1B
Inner Ear: Drug Delivery
Mhamed Grati*1, Moaz Sinan1, Kevin Isgrig1, Talah Wafa1, Jianliang Zhu1, Hong Jun Wang1, Kaitlyn R.
Calabro2, Tracy Fitzgerald1, Sanford Boye2, Shannon Boye2, Wade Chien1,3
1
National Institute on Deafness and Other Communication Disorders ,National Institutes of Health,
2
University of Florida, 3Johns Hopkins School of Medicine
Background
Usher syndrome is the most common cause of deafness-blindness in the world. Patients with Usher syndrome
type 1 (USH1) develop early-onset hearing loss and blindness, as well as vestibular dysfunction. Usher
syndrome type 1B (USH1B) is the most common form of USH1 and is caused by mutations in MYO7A. In
this study, we examined whether AAV-mediated gene therapy can be used to improve the auditory and
vestibular functions in a mouse model of USH1B, shaker-1 Myo7a(4626SB/4626SB).
Methods
Neonatal (P0-5) Myo7a(4626SB/4626SB) mutant mice were used in this study. Since the Myo7a cDNA is
~7kb in length, a hybrid dual-AAV vector platform was used. The N-terminal and C- terminal portions of the
Myo7a cDNA were packaged into separate AAV8(Y733F) capsids. Gene delivery was performed using the
posterior semicircular canal approach. ABR was used to assess auditory function. VsEP and circling were
used to assess vestibular function.
Results
The Myo7a(4626SB/4626SB) mutant mice are deaf throughout life and have significant vestibular
dysfunction. Examination of cochlear hair cell stereocilia hair bundles showed severe early postnatal
disorganization followed by noticeable hair cell death at around the onset of hearing (~P14). Vestibular hair
cells also exhibit major stereocilia bundle disorganization early postnatally, but they survive for several weeks
after birth. Mutant mice injected with dual-AAV8(Y733F)-Myo7a vectors showed improvement in circling
behavior, as well as improved VsEP threshold. Examination of the utricles in treated mutant mice showed
improved stereocilia bundle organization. Auditory function was not improved in mutant mice treated with
dual-AAV8-Myo7a gene therapy.
Conclusions
Our results suggest dual-AAV8(Y733F)-Myo7a vectors are capable of improving the vestibular function in
the Myo7a(4626SB/4626SB) mouse model of Usher syndrome.
T74. Protein Analysis of Human Perilymph Samples With Focus on Immunological Aspects
Inner Ear: Membranes & Fluids
Heike Schmitt*1, Christine Falk1, Athanasia Warnecke1, Andreas Pich1, Nils Kristian Prenzler1, Martin
Durisin1, Thomas Lenarz1
1
Hannover Medical School,
Background
The molecular pathophysiology inside the cochlea is in recent years in the focus of the field of inner ear
research, because besides genetic defects, also inflammatory processes are supposed to contribute to damaging
processes in the inner ear leading to sensorineural hearing loss. Through the progress in highly sensitive
protein analytics by mass spectrometry coupled with liquid chromatography (LC-MS) and multiplex protein
arrays, we could already analyse many samples of human perilymph [1,2]. The aim of the study was to analyse
human perilymph samples by both methods for defining the perilymph proteome including the composition
of cytokines, chemokines and growth factors in the perilymph of patients with different etiology of hearing
loss.
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Methods
Perilymph samples of 98 patients (partly included in previous studies [1,2]) undergoing cochlea implantation
have been analysed by the Luminex-based multiplex technology using a human 48- cytokine plex and
amultiplex for endothelial proteins (1-3 µl). For 62 patients, the etiology of hearing loss was known
(Vestibular schwannoma, Meningitis, Enlarged vestibular aqueduct, otosclerosis, Ménière’s disease,
Cytomegalovirus, Connexin 26 genetic defect, acute hearing loss, suspicion about Waardenburg syndrome),
for the remaining 36 patients the etiology was unknown. For 35 samples, additionally LC-MS analysis was
performed.
Results
In our published initial cohort with 44 perilymph samples [1], we observed several “flavors” of inflammatory
patterns with the “lead” cytokines like IL-6, IL-1b, TNF-a or endothelial proteins like VEGF and IGF-BP1,
for example. In a second cohort, we could confirm these patterns that seem to be spread across different disease
etiologies. By bioinformatics (unsupervised cluster, principal component, t-SNE analyses) we could not
clearly define any clustering of age, sex, etiology. 8 patients in our study show single side deafness (SSD).
However, the clustering of these SSD patients identifies IGFBP-1, VEGF-A, endoglin, Ang-2, CXCL10,
VCAM, TGF-a as potential discriminators (with low statistical power) compared with the bilateral hearingimpaired patients.
Conclusions
Inflammatory processes as well as endothelial dysregulation may contribute to several forms of deafness,
presumably changing from onset towards progression in the inner ear. With this protein-based approach to
investigate inflammatory and endothelial pathways, we may be able to identify rather pathway, than diseasespecific perilymph biomarker candidates in patients with inner ear diseases. Based on these results, novel
insights into the pathophysiology of inner ear diseases that may allow a more targeted treatment based on the
respective pathways.
[1] Warnecke et al. Front. Neurol. 2019
[2] Schmitt et al. J. Proteome R. 2017
T75. Quantitative Assessment of Otitis Media With Effusion With Scanning Laser Doppler
Vibrometer - A Preliminary Study
Middle & External Ear
Ke Zhang*1, Junfeng Liang1, Shangyuan Jiang1, Bin Zheng1, Rong Gan1, Chenkai Dai1
1
The University of Oklahoma
Background
Otitis media with effusion (OME) is a common middle ear inflammation for preschool-age children, with the
presence of fluid in the middle ear cavity (MEC). Although the biomechanical abnormalities induced by OME
has been evaluated by many studies through measuring the vibration pattern of the tympanic membrane (TM),
the precise and quantitative assessment of severity at different stages of OME is still not fully achieved, and
the diagnosis still largely depends on the subjective rating of physicians. To provide reliable objective
evidence for diagnosis, we developed a new algorithm to process the full-field TM surface motion data
acquired by scanning laser Doppler vibrometer (SLDV). Several features highly correlated to the TM vibration
pattern and deflection shape were computed to identify the influence of effusion amount and effusion viscosity
in the MEC quantitatively.
Methods
The OME was mimicked by injecting fluid with different volume or viscosity into the MEC in two human
cadaver ears. Then, the full-field surface motion of the TM in response to 90 dB sound pressure across the
frequency range of 200~8000 Hz was recorded by SLDV. An algorithm was developed to process the raw
data, from noise reduction to feature calculation. Spearman's correlation coefficient was used to evaluate the
correlation between the surface motion and the effusion volume or viscosity.
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Results
The results indicated that the average displacement of TM over frequency bands of 1900~3900 Hz and
600~1000 Hz have relatively higher correlations with the effusion volume and viscosity, respectively. The
different areas of TM have different sensitivity to the effusion variation, and the selection of the most sensitive
area of TM for analysis using our new detection scheme could be an effective way to improve the diagnosis
accuracy.
Conclusions
This preliminary study demonstrates the feasibility of quantitative assessment of effusion volume and effusion
viscosity in human cadaver ears by extracting features from full-field TM surface motion data recorded by
SLDV. The new algorithm and detection scheme developed in this study are promising to provide a reliable
approach to accurately detect and assess OME at different stages with more future measurements and
validation analysis.
T76. Mitigating Artifact in Absorbance Measured With Wideband Tympanometry
Middle & External Ear
Kristine Elisabeth Eberhard*1, Michael E. Ravicz2, Gabrielle R. Merchant3, Salwa F. Masud2, Stéphane
Maison2, Stephen T. Neely3, Hideko Heidi Nakajima2
1
Copenhagen University Hospital Rigshospitalet & Massachusetts Eye and Ear, Harvard Medical School,
2
Massachusetts Eye and Ear, Harvard Medical School, 3Boys Town National Research Hospital
Background
Absorbance measured with wideband tympanometry (WBT) is sensitive to changes in middle- and inner-ear
mechanics and thus has diagnostic potential. Interacoustics’ clinical Titan system applies smoothing to the
computed absorbance to minimize the impact of noise and artifact on the responses. However, smoothing
algorithms change the true absorbance characteristics and can destroy important diagnostic information in the
fine structure of absorbance.
Here we show that raw absorbance computed without smoothing can sometimes have repeating variations
with frequency (“ripple”), which we found to be a form of artifact. We have developed a technique to mitigate
this artifact without changing the true absorbance. This artifact mitigation also reduces variability in
absorbance measurements, even between consecutive measurements in the same ear.
Methods
We used a custom Graphical User Interface developed in MATLAB at Boys Town National Research Hospital
with the Titan Research Platform software development kit to get access to the raw microphone recordings
and the intermediate steps in absorbance computations. We studied absorbance measured in subjects with
normal hearing and subjects with middle- or inner-ear pathologies. We examined the microphone response to
the acoustic stimulus (a train of clicks 200-8000 Hz), measured as static ear-canal pressure varied from +200
to -300 daPa.
Results
We determined that low-frequency noise measured by the microphone can result in absorbance artifact. The
noise can cause a mismatch between the endpoints of the time waveform segment that includes one click
response. When the spectrum of the segment is calculated as part of the absorbance computation, a mismatch
introduces artifactual fluctuations that appear as ripples in the absorbance.
We developed an artifact mitigation technique that applies a high-pass filter and a truncated Tukey window
to the time waveform. This reduced low-frequency noise and eliminated the mismatch by setting the beginning
and end of the waveform to zero. We also shifted the microphone response in time to allow for more effective
windowing.
The mitigation technique reduced artifact and inter-measurement absorbance variability. For measurements
without artifact, absorbances computed with or without mitigation were the same, and similar to absorbances
with mitigated artifact from the same ear. This verified that the artifact mitigation did not change the fine
structure of the true absorbance. The artifact mitigation works on absorbance measured in normal ears and
ears with middle- and inner-ear pathologies.
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Conclusions
We have developed a technique to remove absorbance artifacts without changing the fine structure of the true
absorbance. Because narrow-band characteristics in the absorbance can be unique to certain pathologies,
preserving them will be important in future diagnostic algorithms. This mitigation also increases consistency
across absorbance measurements, decreasing inter-measurement variability, potentially improving the testretest reliability of these measurements.
T77. 3D Static Displacement of Middle Ear Structures in Normal and Reconstructed Ears
Middle & External Ear
Birthe Warnholtz*1, Ivo Dobrev1, Merlin Schaer1, Christof Roeoesli2, Alexander Huber2, Jae Hoon Sim2
1
University of Zurich, 2University Hospital Zurich
Background
Under atmospheric static pressure changes, which may occur, for example, when taking off in the airplane
and diving, opening of the Eustachian tube equalizes the pressure difference between the middle-ear cavity
and the surrounding atmosphere, with time delays. As for a possible immediate protection mechanism against
sudden changes of the atmospheric static pressure, several previous studies revealed that the incudo-malleal
joint prevents the cochlea from being overloaded by a gliding motion at the joint. However, in middle-ear
reconstructions by means such as stapes surgery, such a protective function of the joint has been little
considered for the design of prostheses, and dislocation of the prosthesis as well as rupture of inner ear
structures have been reported in some patients.
Methods
In order to measure the three-dimensional (3D) spatial displacement of middle ear structures with static
pressure changes in normal and reconstructed ears, a novel stereo camera system has been developed. In the
system, two USB cameras with magnification lenses (8-mega pixels, field of view of approximately 4x6 mm
on the focal plane, and 7-degree angle between the two cameras) were mounted onto a robot arm, and were
calibrated using a 250 µm ceramic checkerboard-patterned target. The accuracy of this method was assessed
by tracking a target moved via micromanipulators through space. This system was used to measure threedimensional motion of middle-ear structures and the prosthesis in normal and reconstructed (Incus and
Malleus Stapedotomy) human temporal bones for pressure ranges commonly used in tympanometry (±3 kPa).
Red fluorescent beads of a 100-µm diameter were placed on the middle-ear structures and the prosthesis, and
position changes of the fluorescent beads over static pressure changes were traced. A custom-made algorithm
was used to threshold the beads on the image at each of static pressure steps semi-automatically. In addition,
for inter-sample comparison, reference markers in a form of wires were used to get correlation between the
measurement frame and the anatomical frame obtained from µCT-imaging.
Results
Magnitudes of the displacements of the middle-ear structures were similar to the corresponding magnitudes
in previous studies. Further, the present study also illustrates displacements of the entire middle-ear structures
and the prosthesis in the 3D space, which were not shown in previous studies.
Conclusions
The stereo camera system and related algorithm developed in this study provide a quick and accurate way to
trace position change of the middle-ear structures and prosthesis in both normal and reconstructed middle ears.
T78. Effects of Motion Coherence and Congruency on Sensory Weighting for Dynamic Audiovisual
Integration
Other, Multisensory Integration
Adriana Schoenhaut*1, Antonia Thelen1, Aaron Nidiffer1, Mohit Chadha1, Nathan Van der Stoep2,
Ramnarayan Ramachandran1, Mark Wallace1
1
Vanderbilt University, 2Utrecht University
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Background
To form an accurate and reliable perception of the world, it is necessary to integrate incoming information
from our different senses. This process of multisensory integration is inherently probabilistic due to noise and
differences in the reliability of the respective stimuli. The benefits of multisensory integration are especially
clear when the sensory information we receive is weak or degraded. While previous studies have investigated
processing of static multisensory stimuli, less is known about the principles underlying the integration of
dynamic, ecologically valid stimuli such as those containing motion. To address this, we employed motion
stimuli in a two-alternative forced choice task in which subjects had to judge the direction of either auditory,
visual or combined audiovisual motion.
Methods
Eleven subjects with normal hearing and normal to corrected normal vision participated in the study. Visual
stimuli consisted of random dot kinematograms with motion occurring leftward or rightward at five different
motion coherence levels (ranging from 5% to 45%), while auditory stimuli with corresponding motion
coherence levels (ranging from 10% to 55%) were created by varying the amplitude envelope of sounds
generated from two speakers. Auditory and visual stimuli were presented alone and in combination. In
multisensory trials, auditory and visual motion congruence (i.e. same versus opposing direction) was varied
from trial-to-trial. For each trial, subjects were instructed to indicate the direction of motion (right vs. left).
The percentage of motion judgements in each direction were calculated, and psychometric functions were fit
with a cumulative Gaussian function to estimate the mean and variability of perceptual judgements. In addition
to evaluating the benefits of having multisensory information, the data was also modeled using Bayesian
approaches to determine the relative weighting of auditory and visual information.
Results
The results highlight that both the auditory and visual stimuli resulted in the perception of motion. When
congruent multisensory conditions were analyzed for auditory modulation of visual performance, sensitivity
was found to improve with coherence level. Conversely, when these conditions were analyzed for visual
modulation of auditory performance, only high coherence visual motion improved sensitivity. For incongruent
multisensory conditions analyzed for visual modulation of auditory performance, even low coherence visual
motion diminished performance. However, incongruent auditory motion only diminished visual performance
at high auditory coherence levels. These results suggest that subjects assigned higher weights to the visual
motion stimulus to form perceptual judgements. Ongoing modeling efforts will assess the degree to which
response times (RT) are sensitive to stimulus congruency and motion coherence and investigate potential
mechanisms for optimal cue combination.
Conclusions
These results will establish initial functional knowledge of how auditory and visual motion is integrated at the
behavioral level, paving the way for future neurophysiological studies.
T79. A Single Application Cold-Chain Independent Drug Delivery System for Outer Ear Infections
Other, Translational research
Bogdan A. Serban1, Kevin Shi2, Jeremy B. Alverson1, John Hoody1, Nigel D. Priestley1, Albert H. Park2,
Monica Serban*1
1
University of Montana, 2University of Utah
Background
Outer ear infections (OE) affect millions of people annually with significant associated healthcare costs.
Incorrect administration or non-compliance with the treatment regimen can lead to infection persistence,
recurrence, antibiotic resistance, and in severe cases aggravation to malignant otitis externa. Such issues are
particularly pertinent for military personnel, patients in nursing homes, the geriatric population, for patients
with head or hand tremors and for those with limited or no access to proper healthcare. With the intent of
using reverse innovation principles to deconvolute material design while increasing relevance and efficacy,
we developed a single application, cold-chain independent thixotropic drug delivery system. Because of its
thixotropic properties, the system can be easily applied into the ear as a liquid, then gels to deliver in situ
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effective concentrations of antibiotics against bacterial strains commonly associated with OE. The system
maintains thixotropic properties over several stress/no stress cycles, shows negligible swelling and
temperature dependence, and does not impact the minimum inhibitory concentration or bactericidal effects of
relevant antibiotics. Moreover, the thixogels are cold-chain independent, are biocompatible, and are well
tolerated in the ear.
Methods
Two individual tetraethyl orthosilicate-based thixotropic drug delivery systems were formulated and evaluated
for this study. A hybrid rheometer/dynamic mechanical analyzer was used to characterize the viscoelastic and
swelling properties of these materials as well as their temperature dependence. Validated organotypic skin
irritation and skin corrosion assays were used to assess the formulations’ biocompatibility in vitro. The ability
of the thixogels to release incorporated antibiotics and efficiently inhibit bacterial growth was evaluated via
broth microdilution assays. Finally, their impact on hearing was evaluated in vivo via DPOAE and ABR tests.
Results
Our tests confirmed: a – the ability of the two thixogels to be easily deployed as liquid but to gel in place
immediately after application; b – their cold-chain independence; c – their ability to release effective,
bactericidal antibiotic concentrations; d – their biocompatibility; and e – their minimal and transient impact
on hearing, similar to ear drops applications.
Conclusions
Our data highlight the value drivers of these thixotropic material as single application delivery systems for
OE-specific antibiotics. While our current study was focused on assessing the suitability of this thixotropic
drug delivery system for otitis externa treatment, this material is expected to be readily transferable to other
pathologies benefitting from in situ deployment of drugs, especially in developing countries.
Note: This project gained national attention when it was the subject of a press release from the American
Chemical Society’s (ACS) News Service Weekly PressPac (30 September 2020).
T80. Astragalus Membranaceus Attenuates Age-Related and Noise-Induced Hearing Lose in Guinea
Pig
Other, Damage & Protection
Yaqian Gao*1, YITING YANG1, JIAN TANG1, YOUJUN CHEN2, HAO XIONG3, ZHIYUN DU4
1
Infinitus (China) Company Ltd, 2Guangzhou Allan Conney Biotechnology Company Ltd, 3Sun Yat-Sen
University, 4Guandong University of Technology
Background
Astragalus Membranaceus (AM) is a kind of traditional Chinese herbal medicine, which is widely used in
treating free radical-mediated impairment in various organs through its antioxidant properties[1]. A variety
of mechanisms have been proposed to account for hearing loss with aging and high intensity sound exposure[2,
3], and Astragalus membranaceus in Traditional Chinese Medicine was applied for treatment of hearing loss
and tinnitus. The purpose of the present study was to investigate if AM has the potential to attenuates agerelated and noise-induced hearing lose in guinea pig.
Methods
Guinea pigs in the experimental group were administered the water extract of Astragalus Membranaceus
intragastrically. Auditory thresholds were assessed by sound-evoked auditory brainstem response (ABR) at
click and tone bursts of the noise-induced hearing lose in guinea pig with 8, 16 and 32 kHz, 72h before and
after exposure to impulse noise, and the age-related group was induced by D-galactose for 8 weeks. The
malondialdehyde (MDA), glutathione (GSH), reactive oxygen species (ROS) and glutamic acid (GA) of blood
serum, and superoxide dismutase (SOD) of cochlear tissue were also tested.
Results
The results showed that the sound-evoked ABR at click and tone bursts of Astragalus Membranaceus treated
groups with age-related and noise-induced hearing lose at 8, 16, 32 kHz, were significantly reduced, the level
of serum MDA, ROS and GA, and SOD in cochlear tissue of Astragalus Membranaceus treated groups all
were decreased significantly.
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Conclusions
It is concluded that Astragalus Membranaceus could attenuates the age-related and noise-induced hearing lose
in guinea pig, through the reduction of the oxidative stress in blood serum and cochlear tissue.
Reference:
[1]Muhammad Shahzad, Arham Shabbir, Ken Wojcikowski, Hans Wohlmuth, Glenda C Gobe. The
Antioxidant Effects of Radix Astragali (Astragalus membranaceus and Related Species) in Protecting Tissues
from Injury and Disease. Curr Drug Targets 2016;17(12):1331-40.
[2]Gaëlle Naert , Marie-Pierre Pasdelou, Colleen G Le Prell. Use of the guinea pig in studies on the
development and prevention of acquired sensorineural hearing loss, with an emphasis on noise .J Acoust Soc
Am ,. 2019 Nov;146(5):3743.
[3]Uchida Y, Sugiura S, Nishita Y, Saji N, Sone M, Ueda H. Age-related hearing loss and cognitive decline The potential mechanisms linking the two. Auris Nasus Larynx. 2019 Feb;46(1):1-9.
T81. Analyzing Protein-Protein Interactions in Rare Cells Using Microbead-Based Single-Molecule
Pulldown Assay
Other, Protein-protein interactions in hair cells
Qirui Zhao*1, Yusheng SHEN1, Xiaofen LI1, Fang TIAN1, Xiaojie YU1, Levent YOBAS1, Hyokeun PARK1,
Pingbo HUANG1
1
HKUST
Background
For studying protein-protein interactions (PPIs) in general, a powerful and commonly used technique is
conventional coimmunoprecipitation (co-IP/pulldown) followed by western blotting. However, the technique
does not provide precise information regarding the kinetics and stoichiometry of PPIs. Another drawback is
that the sensitivity of conventional co-IP is not suitable for examining PPIs in rare cells such as sensory hair
cells, circulating tumor cells, embryonic stem cells, and subsets of immune cells. The current single-molecule
pulldown (SiMPull) assay can potentially be used for studying PPIs in rare cells but its wide application is
hindered by the high technical barrier and time consumption.
Methods
We report an innovative, agarose microbead-based approach for SiMPull. We used commercially available,
pre-surface-functionalized agarose microbeads to capture the protein of interest together with its binding
partners specifically from cell extracts and observed these interactions under a microscope at the singlemolecule level.
Results
Relative to the original method, microbead-based SiMPull is considerably faster, easier to use, and more
reproducible and yet provides similar sensitivity and signal-to-noise ratio; specifically, with the new method,
sample-preparation time is substantially decreased (from ~10 to ~3 h).
Conclusions
These crucial features should facilitate wide application of powerful and versatile SiMPull in common
biological and clinical laboratories. Notably, by exploiting the simplicity and ultrahigh sensitivity of
microbead-based SiMPull, we used this method in the study of rare auditory hair cells for the first time.
T82. Kv1 Channels in the Chick Cochlear Nucleus Angularis Shape Spiking Phenotypes, Reliable
Encoding, and Fluctuation Sensitivity
Other, Intrinsic neuronal physiology
James Baldassano*1, Katrina MacLeod1
2
University of Maryland
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Background
The expression of ion-channel subtypes can fine-tune how information is conveyed in precise spikes trains of
sensory neurons. The avian cochlear nucleus angularis (NA) is a heterogeneous cell population with multiple
spiking phenotypes that encode acoustic information in their spike timings with differing levels of reliability.
Previous work has shown the single-spike (SS) phenotype in NA was due to the presence of a dendrotoxin
(DTX) sensitive Kv1-family potassium conductance that when blocked caused the SS cells to fire tonically.
DTX sensitive conductances are also present in NA cell subtypes that fire tonically, but their contribution to
the temporal properties of these spiking phenotypes was unknown. Researchers have demonstrated these
channels contribute to fluctuation sensitivity in cortical neurons, a phenomenon that exists in NA but whose
basis has not been explored experimentally. We tested the hypothesis that the Kv1 conductance shapes the
variations in tonic phenotypes, drives reliable spiking, and shapes fluctuation sensitivity in NA due to its highpass filtering property.
Methods
Whole-cell patch clamp electrophysiology was performed in brainstem slices from E18 Gallus gallus chick
embyros under current clamp conditions. Square current steps were used to classify the neuronal spiking
phenotype into five subtypes (according to Soares et al. 2002). “Noisy” current stimuli were used measure the
cells’ ability to reliably encode temporal modulations. Variations in current size and noise level were used to
measure fluctuation sensitivity. Voltage responses were recorded before and after bath application of DTX
(100nM).
Spike timing reliability was measured using a Shuffled Autocorrelogram (SAC), a measure of spike similarity
across repeated trials of identical stimuli. The SAC was fit with a Gaussian curve whose peak and half-width
are reported.
Results
Dendrotoxin altered the classification firing patterns and elevated the firing rate in two tonic subtypes, the
tonic 1 (early burst subtype, n=13 p =0.039*) and tonic 2 cells (delayed firing subtypes, n=18 n=0.02*), as
well as the SS neurons (n=32). Spike timing reliability was also significantly diminished by DTX application
in these cell types, with a reduction in SAC peak and increase in spread (SS, n=16, SAC peak: p=.0078, SAC
width: p=.0028; tonic 1, n =8, p =0.0217 and p=.0422; tonic 2, n=7,p=.0051 and p =.001). Dendrotoxin also
lowered the sensitivity to fluctuations in the current (n=12).
Conclusions
This finding demonstrates that Kv1 channels drive the spiking heterogeneity and sensitivity to current
fluctuations in a subset of NA cell types. Due to their high-pass filter properties, these channels likely encode
fast modulations in the acoustic envelope that are important for sound processing.
T83. Reflection-Type Emissions Evoked With Clicks and Frequency-Sweeps – Comparisons Across
Levels
Otoacoustic Emissions
Karolina Charaziak*1, Alessandro Altoe'1, Christopher Shera1
1
USC Keck School of Medicine
Background
Otoacoustic emissions (OAEs) evoked by either transient (e.g., click) or steady-state (tone) stimuli are often
used to test cochlear function. Despite the very different nature of their evoking stimuli, click-evoked (CE)
and stimulus-frequency (SF) OAEs are hypothesized to originate via the same mechanism of coherent
reflection. According to coherent reflection theory (CRT), the OAE arises from the scattering of cochlear
traveling waves from densely distributed, place-fixed impedance irregularities. The scattered wavelets
combine coherently within the peak region of the traveling wave, forming a backward wave that escapes the
cochlea as an OAE. The theory predicts that the strength of the OAE at any given frequency depends on both
the irregularities (i.e., the strength of the reflection) and the excitation pattern, the latter being controlled by
cochlear amplification. A previous study in human subjects [Kalluri and Shera, J Acoust Soc Am 121:20972110] demonstrated a near equivalence between the spectral structures of CEOAEs and SFOAEs, at least at
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low stimulus levels (near-linear amplification regime). This near equivalence suggests that the two types of
OAEs originate via the same mechanism, despite the significant differences in their evoking stimuli. However,
whether this agreement holds at higher stimulus levels, where cochlear responses are nonlinear, remains
untested. To address this gap in the literature, we perform CEOAE and SFOAE measurements across a wide
range of stimulus levels.
Methods
To minimize possible methodological contributions to any observed differences between CEOAEs and
SFOAEs, we made the two measurement paradigms as similar as possible. Both CEOAEs and SFOAEs were
measured with a compression method. SFOAEs were measured using the log-sweep method, which has the
advantage of representing SFOAEs in the form of an impulse response, thus enabling direct comparisons
between SFOAEs and CEOAEs in both the time and frequency domains. Finally, we used gerbils as
experimental subjects; unlike humans, rodents rarely exhibit synchronized OAEs that contaminate CEOAEs.
Results
At low stimulus levels, SFOAEs and CEOAEs appear nearly equivalent. However, at higher stimulus levels,
subtle differences emerge. Although the overall spectral shapes remain similar for the two emission types, the
pattern of spectral peaks and notches (i.e., fine structure) generally differ. Comparison of the OAE time
waveforms reveals that the spectral differences reflect OAE energy occurring at early times, while the longlatency OAE waveforms remain highly correlated.
Conclusions
Our results in gerbils corroborate previous findings in humans that click, and tone-like stimuli produce nearly
equivalent OAEs, consistent with CRT predictions. However, at higher-stimulus levels, where cochlear
responses are nonlinear, the OAEs evoked by the two stimulus types differ mostly in their early-latency
responses, leading to different spectral fine-structures. Possible sources of these discrepancies (e.g., nonlinear
reflections, intermodulation distortions) are discussed.
T84. Effect of Probability of Stimulus Occurrence on Medial Olivocochlear Bundle Reflex
Otoacoustic Emissions
Sho Otsuka*1, Seiji Nakagawa1, Shigeto Furukawa2
1
, Chiba University, 2NTT Communication Science Laboratories
Background
Previous reports indicate that temporal expectation modulates the neural activity of cortical and subcortical
areas when sounds occur at predictable moments. However, it is not known if temporal expectation affects
processing at the auditory periphery. Our previous study showed that temporal expectation is based on a prior
knowledge (provided by a preceding visual cue) of the timing of the occurrence of the sound, and modulates
the medial olivocochlear reflex (MOCR), a sound-activated feedback response that controls the motility of
the outer hair cells (OHCs), thereby indirectly influencing OHC motility. Here, we examine whether the
MOCR is modulated by temporal expectation when the time of stimulus occurrence is distributed with a
probabilistic temporal structure.
Methods
The suppression of click-evoked otoacoustic emissions (OAEs) induced by sound (MOCR elicitor), presented
to the contralateral ear was used to non-invasively assess the MOCR. The degree of suppression was thought
to reflect the gain reduction of the OHCs induced by the MOCR. The MOCR elicitor was preceded by a cue
signal that allowed listeners to anticipate it. The interstimulus interval (ISI), or waiting time, between the
MOCR elicitor and cue signal was a random variable (ISI = 1, 2, 3, 4 or 5 s) whose probability distribution
was fixed throughout a block of trials. We used three patterns of probability distributions. The probability of
elicitor occurrence was higher (60%) at an ISI of 1, 3 or 5 s compared to the other ISIs (10%). Forty clicks
were presented per second at a peak equivalent sound pressure level (SPL) of 55 dB. The MOCR elicitor had
a duration of 500 ms and was presented at 60 dB SPL. The cue signal was a 500-ms-duration tone burst with
a frequency of 1 kHz that was presented at 40 dB SPL.
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Results
There was no relation between the MOCR strength and the probability density function of the ISIs. In contrast,
the MOCR strength covaried with the subjective hazard rate of the stimulus occurrence (the probability that
an event will occur given that it has not already occurred), which was derived from probability density
functions blurred by a normal distribution whose standard deviation is proportional to the elapsed time. This
computation was based on the assumption that the elapsed time is known with uncertainty that scales with
time.
Conclusions
We found that the MOCR reflects the hazard rate, or conditional probability, of stimulus occurrence. Our
results implicate that the MOCR is modulated by neural circuitry that represents both the elapsed time and the
probability that the stimulus is about to occur.
T85. Basal Distortion Product Otoacoustic Emission Components Likely Originate in Vibration
Hotspots
Otoacoustic Emissions
Barden Stagner*1, Glen Martin2, Brenda Lonsbury-Martin2
1
VA Loma Linda Healthcare System, 2VA Loma Linda Healthcare System and Loma Linda University Health
Background
Distortion product otoacoustic emissions (DPOAEs) are now routinely used to assess cochlear condition in
both laboratory and clinical settings. Despite their acceptance for this purpose, many aspects of their
generation and propagation inside the cochlea have remained mysterious. In particular, since the 1980s,
DPOAE components apparently arising from cochlear regions more than ½ octave basal, to several octaves
basal to the stimuli used to evoke them have been repeatedly demonstrated by diverse experiments in a variety
of mammalian species. These basal DPOAE components appear to conflict with classic basilar membrane
(BM) data indicating that the cochlea exhibits nonlinearity, presumably necessary to generate emissions, only
over a narrow frequency range extending from the stimulus-frequency place to ~1/2 octave above this place.
Recently, vibrations have been discovered of other cochlear structures like the reticular lamina, the tectoral
membrane and particularly large longitudinal vibrations referred to as “hotspot” (HS) vibrations centered
generally at the interface between the bases of the outer hair cells and supporting Deiters’ cells. These HS
vibrations are widespread and nonlinear for many octaves basal to the stimulus frequency’s BM site, thus,
making them good candidates for the origin of basally generated DPOAE components.
Methods
In this presentation, seminal experiments in the rabbit originally performed over the last ~30 years
demonstrating basal DPOAE component properties are reviewed and compared to the recently described HS
vibration data.
Results
Distributed DPOAE component properties up to ~2 octaves basal to the f2 frequency are described in detail,
while alternative hypotheses for their origin involving components generated by 3rd tones used in some of the
experiments are ruled out. In the end, the magnitudes, phases and tuning characteristics of basal DPOAE
components are shown to be highly similar to the properties predicted from a simple DPOAE simulation based
upon the HS data, while being inconsistent with the same simulation constructed using BM data.
Conclusions
While the rabbit has particularly large DPOAEs and correspondingly large and widely distributed basal
vibration HS DPOAE components ideal for demonstration, many of these observations are qualitatively
similar to observations made in the gerbil and many other small laboratory mammals. Humans also exhibit
these basal DPOAE components, particularly, when f2<3 kHz, suggesting HS vibrations play a role in the
cochlear processing of frequencies important for human hearing and communication.
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T86. No Benefits of Musical Experience on Interaural-Level-Difference and Interaural-TimeDifference Discrimination
Plasticity, Learning, & Adaptation to Hearing Impairment
Ruijing Ning*1, Lily F. Arnpriester1, Alex E. Clain1, Beverly A. Wright1
1
Northwestern University
Background
Musicians perform better than nonmusicians on a variety of nonmusical tasks. Among basic auditory abilities,
a musicians’ advantage has been repeatedly demonstrated for frequency and temporal-interval discrimination,
skills closely linked to the key musical elements of pitch and rhythm. Largely unknown, however, is the extent
to which this advantage extends to basic auditory abilities less central to music.
Methods
To help fill this gap, we compared the performance of musicians and nonmusicians on two binaural skills
associated with sound lateralization that are not typically emphasized in musical training: interaural-leveldifference (ILD) discrimination and interaural-time-difference (ITD) discrimination. We tested two separate
groups of young adults on ILD discrimination at 4 kHz (n=246) and ITD discrimination at 0.5 kHz (n=77),
with participants in each group separated into subgroups based on years of musical experience: 0, 1-4, 5-7, 810, and >10 years. None of the participants had any previous experience with psychoacoustic tasks.
Results
Average thresholds did not differ depending on years of musical training for either ILD or ITD discrimination.
Mean ILD-discrimination thresholds were around 5 dB and mean ITD-discrimination thresholds were around
60 microseconds regardless of the amount of musical training. In contrast, we previously observed that a
musicians’ advantage emerged after 5-7 years of musical training for other groups of participants who were
tested on frequency discrimination and temporal-interval discrimination.
Conclusions
Taken together, these past and present results document a musicians’ advantage for two tasks closely linked
to musical experience (frequency and temporal-interval discrimination), but not for two other tasks not closely
linked to musical experience (ILD and ITD discrimination). Potential explanations for this outcome differ
within the nature versus nurture debate. According to the nature explanation, musicians have innate auditory
advantages. For the nature explanation to account for the current results, musicians must be born with a
selective enhancement of some skills (frequency and temporal-interval discrimination) and no enhancement
of others (ILD and ITD discrimination), and the relationship of the enhanced skills to musical elements must
be interpreted as a coincidence, or as self-selection based on the happenstance possession of musically relevant
skills, because the reason for the advantage is independent of musical experience. According to the nurture
explanation, musicians foster the development of musically relevant skills through musical practice. For the
nurture explanation to account for the current data, musicians must have learning-driven enhancements of
some skills (frequency and temporal-interval discrimination) and not of others (ILD and ITD discrimination),
and the enhanced skills must be the ones that are required for and therefore encountered during musical
training. Given two viable explanations, the one with fewer assumptions is favored, tipping the balance toward
nurture.
T87. Utilizing Vagus Nerve Stimulation to Reverse Maladaptive Plasticity in the Inferior Colliculus in
a Rat Autism Model
Plasticity, Learning, & Adaptation to Hearing Impairment
Yuko Tamaoki*1, Michael S. Borland2, Rimenez R. Sousa2, Meenakshi Kannappan2, Olayinka I. Olajubutu1,
Kareena Chawla1, Akansha Rao1, Liza S. Tharakan1, Samantha K. Skipton1, Olivia A. Twining1, Alfonso
Reyes1, Collin Chandler1, Crystal T. Engineer2
1
The University of Texas at Dallas, 2The University of Texas at Dallas, Texas Biomedical Device Center
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Background
Individuals with autism often exhibit delayed and weak neural response to sounds. Prenatal exposure to
valproic acid (VPA) alters the development of both subcortical and cortical auditory areas. These neural
changes have been observed in VPA exposed rats, which display significantly delayed and weak responses to
sound in the auditory cortex. Recent studies in VPA exposed animals have also observed brainstem alterations,
specifically the early processing areas for auditory pathways such as the superior olivary complex and the
inferior colliculus. Therefore, developing a method to improve these deficits throughout the auditory pathway
is needed. We have developed a new approach to drive robust, specific plasticity that substantially enhances
recovery after neurological damage. This strategy uses brief bursts of vagus nerve stimulation (VNS) paired
with sound presentation. The aims of this study are to: 1) document differences in the multi-unit inferior
colliculus response to sounds in VPA exposed rats in comparison to saline exposed control rats, and 2)
investigate the ability of vagus nerve stimulation (VNS) paired with speech sounds to reverse the maladaptive
plasticity in the inferior colliculus in VPA exposed rats.
Methods
In these experiments, we test the hypothesis that VNS paired with speech sound presentation, 300 times per
day for 20 days, will reverse maladaptive plasticity and restore neural responses to sounds and speech
perception ability in VPA exposed rats. The experimental groups included: 1) control rats who were prenatally
exposed to saline, 2) VPA-exposed rats who did not undergo therapy, and 3) VPA-exposed rats who underwent
VNS-sound pairing therapy. Following the last day of VNS-sound pairing, neural recordings in responses to
tones, speech sounds, and noise burst trains were collected from the inferior colliculus in each of the
experimental groups.
Results
Our preliminary results suggest that VNS-sound pairing is an effective method to enhance auditory processing
in rat models of ASD with degraded behavioral and neural processing of sounds.
Conclusions
Insights derived from this study may influence the development of new behavioral and sensory techniques to
treat communication impairments that result in part from a degraded neural representation of sounds.
T88. Sensory Plasticity Observed Through Cortical Thickness Differences in Hearing and Deaf Cats
Using Magnetic Resonance Images
Plasticity, Learning, & Adaptation to Hearing Impairment
Stephen Gordon*1, Blake Butler2, Steve Lomber3
1
McGill University, 2University of Western Ontario, 3McGill University Faculty of Medicine
Background
The brain can adapt to new situations in the form of altered connectivity between and function within specific
regions in a phenomenon known as plasticity. Specifically, sensory plasticity can be observed following
auditory deprivation through changes in cortical thickness. Grey matter thickness derived from high-resolution
magnetic resonance images is a useful non-invasive method of characterizing this interesting property of the
cerebral cortex. When combined with an atlas of the species in question, these measurements can be used to
distinguish anatomically relevant regions of thinning or thickening in an experimental group, such as a sensory
deprived versus control group. This approach to finding biomarkers of disease or difference between groups
can allow for the more accurate targeting of in-depth methods of examination into the differences.
Methods
In this investigation we sought to determine if high-resolution MRI could be used to reveal differences in
thickness between the brains of deaf cats and those of hearing controls. We scanned 29 normal hearing and
26 deaf cats at 0.5mm isotropic resolution to look for areas of altered thickness. To delineate the regions used
in this work, a 3D cat cortical brain atlas was used. This atlas contains 73 bilateral cortical regions that were
used to parse the thickness maps generated by the Advanced Normalization Tools (ANTs) software package.
To obtain these maps, individual images were manually skull-stripped and the cortical thickness pipeline in
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ANTs was used, with minor alterations to allow for the relatively small size of the cat cerebrum. This data
was then processed and analyzed in MATLAB.
Results
After corrections for multiple comparisons, the data showed 2 regions that differed significantly in thickness
between the two groups, with posterolateral lateral suprasylvian area (PLLS) in the right hemisphere and
posterior ectosylvian gyrus, posterior division (pPE) in the left hemisphere being thicker in the deaf group.
Conclusions
PLLS is a visual region with auditory multisensory integration properties and is involved in localization of
visual stimuli. pPE is an audiovisual auditory cortex region that has connections to multiple visual areas,
including PLLS. These two regions show that there may be evidence of audiovisual cross-modal plasticity
occurring in the brains of the deafened cats that manifests as measured thickness changes within these regions.
Other cortical regions on the audiovisual border in the cat brain also trend toward being thicker in the deaf
group as well, suggesting a large effect of multisensory integration in sensory plasticity-based thickness
changes of the cortex. Previous behavioral work has already suggested functional plasticity in a subset of
auditory regions, and the methods used in the present study may be used to determine regions of interest (such
as pPE and PLLS) for more directed future behavioral, cytoarchitectonic, or electrophysiological work.
T89. The Optimal Beat Frequency for the Neural Activities in the Auditory Cortex of Rats
Primary Auditory Cortex
Yoshiki Ito*1, Tomoyo Shiramatsu1, Hirokazu Takahashi1
1
University of Tokyo
Background
How humans perceive musical beats is one of the big topics in the neuroscience of music. The previous studies
indicate that the inter-beat interval between 200 – 2000 ms can provide clear beat perception to human
(London, 2004). In addition, one study mentions that this beat perception is optimal in a tempo range
distributed around 120 beats per minute (bpm), i.e., 500-ms inter-beat interval (Noorden & Moelants (1999)),
yet the neural mechanism determining such optimal tempos of music is still unclear. Recently, Rajendran et
al. (2020) demonstrated that the firing rate in the auditory cortex of rats is higher at the beats characterized by
humans (on-beat) than the others (off-beat), suggesting that the auditory cortex processes the beat information.
Therefore, we hypothesized that the on-beat response of the rat auditory cortex is optimal around the interbeat interval of 500 ms.
Methods
To test the hypothesis, a microelectrode array with 96 recording sites recorded multi-unit activities (MUAs)
from the fourth layer of the auditory cortex of rats under urethane anesthesia. To investigate the optimal interbeat interval range of the auditory cortex of rats, we presented three kinds of sound stimuli with various
tempos, (i) periodic click trains and (ii) rhythmic click trains (ranging from the inter-beat interval of 125 ms
to 1000 ms), and (iii) Mozart K. 448 with different tempo (ranging from 100 bpm to 520 bpm), respectively.
From the recorded MUAs, we calculated the contrast of the responses between on-beat and off-beat for each
tempo or inter-beat interval.
Results
Consequently, the contrast of neural responses between on-beat and off-beat was maximum around 120 to 240
bpm, i.e., the inter-beat interval of 250ms to 500ms. This result was consistent in both rhythmic click train
and musical piece. In addition, the response to the periodic click trains strongly adapted when the inter-click
interval was shorter than 200 ms.
Conclusions
The present results indicate that the optimal tempo range for beat processing in the rat auditory cortex is similar
to that in humans, which was demonstrated in the previous studies. Moreover, the strong adaptation to the
short-interval auditory stimuli supported this tempo range. Taken together, the primitive rhythm perception is
likely to already appear in the fourth layer of the auditory cortex. We believe that that the part of beat
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processing can be explained by the simple neural property such as a short-term adaptation, which should be
shared in mammals.
T90. Discussion on the Influence From Materials of Earplugs in Bone Conduction by Hearing
Threshold and ECSP Measurements
Psychoacoustics
Xiuyuan Qin*1, Taishi Shinobu1, Hiromu Ishikawa1, Sho Otsuka1, Seiji Nakagawa1
1
Chiba University
Background
For preventing the influence of air conduction (AC), earplugs were used during measurements of bone
conduction (BC). Earplugs made by polyurethane (PU) foam are used in most BC measurements, but earplugs
made of silicone are also increasingly used in people's daily life because of the deformable shape to fit any
size of ears and cover the ear canal thoroughly. Nevertheless, the influence of materials of earplugs in BC has
not been discussed enough. In this study, hearing thresholds were measured by using PU foam earplugs and
silicone earplugs for both AC and BC, and ear-canal sound pressures (ECSPs) were also measured. By
comparing the two types of earplugs, the influence of materials of earplugs used in BC measurements was
discussed.
Methods
Ten subjects with normal hearing ability participated in the measurements. Subjects were required to use PU
foam earplugs (Silencia Regular from Silencia Company) and silicone earplugs (Insta-putty from Insta-Mold
Products Inc.) separately. The measurements of hearing thresholds were based on ISO 8253 and ISO 4869.
The ECSPs were measured by a probe microphone (ER-7C, Etymotic). Six tone bursts from 0.25 kHz to 8
kHz were measured at each frequency. Three conditions were set to be measured, an open-canal condition, an
occluded-canal condition with Silencia, and an occluded-canal condition with Insta-Putty. In AC
measurements, subjects wore a headphone (Sennheiser HD 650) for receiving AC sound signals. In BC
measurements, each subject was equipped with a headband for fixing the bone-conducted vibrator Radioear
B71 and the static force was controlled to about 2.5 N.
Results
In AC condition, there is no significant difference that was found between the two types of earplugs in AC
sound attenuation from 0.25 kHz to 4 kHz. However, a decrease in hearing thresholds can be observed in BC
measurements. From 0.25 kHz to 2 kHz, compared to Silencia, the occlusion effect of BC hearing thresholds
by Insta-putty was higher, showing a significant difference between two earplugs, and the ECSP results also
showed higher ECSPs when Insta-putty was used. The PU foam may absorb the signal in the ear canal, but
the silicone earplug has less ability of absorption but makes a reflection of sound in the ear canals, causing
obvious occlusion effects —— higher ECSPs and lower BC hearing threshold.
Conclusions
In conclusion, hearing thresholds in both AC and BC conditions were measured by PU foam earplugs and
silicone earplugs respectively. When comparing PU foam and silicone earplugs, although there is no
significant difference in the results of sound attenuation of AC, statistical significance was observed in the
comparison in BC hearing threshold measurements. Lower thresholds and higher ECSPs were obtained in the
measurements using Insta-putty rather than Silencia, showing the influence of materials of earplugs on BC
measurements.
T91. Open Board
T92. Two Timescales of Temporal Processing in Scene Analysis and Tracking of Dynamic Auditory
Cues (Binaural, Spectral, and Amplitude)
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Psychoacoustics
Ravinderjit Singh*1, Hari Bharadwaj1
1
Purdue University
Background
The auditory system features exquisite neural temporal coding in the periphery which gets progressively
transformed to rate-based neural representations along the ascending pathway (Joris et al., Physiol Rev, 2004).
The constraints placed by the different timescales of temporal processing on perception are unknown. Here,
we quantify how well humans can perceptually follow dynamic auditory cues and at upto what rates humans
can take advantage of coherent modulations to perceptually group/bind sound elements across frequency.
Methods
Previously, we showed that our ability to take advantage of dynamic binaural cues to derive spatial release
from masking is limited to cues slower than about 10 Hz (the phenomenon dubbed binaural sluggishness), and
that this limit is mirrored by cortical phase locking limits to the same cues as measured using
Electroencephalography (EEG). To investigate whether this 10 Hz limit to perceptually following of dynamic
cues is a general phenomenon that extends beyond binaural processing, we performed a series of online
behavioral experiments using amplitude-modulated (AM) and frequency-modulated (FM) stimuli where
participants were tasked with detecting differences in modulation phase across two different carrier
frequencies. Subjects were 18-55 years of age, native speakers of North American English, self-reported not
having any hearing loss, and passed a headphone/earphone check and speech-in-noise-based hearing screening
(Mok et al., 179th meeting of ASA, 2020).
Target stimuli for the 3AFC detection paradigm were FM (or) AM imposed on two random tones with at least
2-octave frequency spacing but with a phase difference between the modulations across the two carriers. The
reference stimuli were identical but with zero phase difference. In addition to this monaural task (both FM or
AM tones to the same ear), a dichotic version (one AM tone in each ear) of the AM task was also presented.
We choose to include the dichotic condition to manipulate the likelihood of perceptual binding across the two
tones with the goal of dissociating our ability to perceptually follow/track the modulations from our ability to
use coherent modulations for perceptual grouping. The modulation rate was varied from 4 Hz to 128 Hz.
Results
Preliminary results suggest two timescales of processing that constrain our percepts: (1) A slower timescale
of processing corresponding to perceptually tracking/following dynamic auditory cues extending to about 10
Hz, consistent with our previous binaural measurements showing cortical temporal coding limited tracking of
objects in space, and (2) a faster timescale of processing that extends to higher frequencies corresponding to
the use of coherent modulations to perceptually group across frequencies.
Conclusions
These results provide further insight into the different timescales of processing that may contribute to scene
analysis, and further corroborate the existence of about a 10 Hz limit on our ability to perceptually follow
dynamic cues.
T93. Effect of Task Paradigm on Auditory Event Detection in Complex Soundscapes
Psychoacoustics
Sandeep Reddy Kothinti*1, Mounya Elhilali1
1
Johns Hopkins University
Background
Audio event detection is the task of parsing an auditory scene by identifying the presence of sound events of
interest. Detecting the presence of new events in a scene depends on many factors including the context of the
scene, the listener’s attentional focus as well as familiarity with the auditory source that caused the event. For
example, a listener who frequents a railway station may not consider every announcement to be an event of
interest. Similarly, listening to a phone ringing may not register as a salient event after a few rings. Thus, the
changes in the acoustic scene are interpreted based on the context and task at hand.
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Methods
There has been an increased focus on large-scale event detection task with the goal of developing technologies
for real-world audio applications. In parallel, recent studies have explored the detection of salient events in
natural scenes; and revealed complex dependency of events on the acoustic structure and context of the scenes.
In addition to stimulus structure, the annotation of salient events by human listeners is greatly influenced by
the experimental paradigm. In this study, we analyze the characteristic differences in events from various
event detection tasks.
Results
This work explores the effect of task instructions and paradigm in informing our knowledge about how the
brain or audio technologies may process salient events in complex auditory scenes. It also reports on the
consequences of training computational models trained using paradigms and tested with another. We report
on poor generalization effects for salient event detection which highlight major differences of experimental
paradigm in biasing perception of auditory salience.
Conclusions
The present event detection paradigms fall short of capturing important aspects of human perception which in
turn limit improvements of robust audio technologies that can be deployed in everyday environments.

T94. Difference Analysis of Oscillatory Response to Continuous Speech Stimuli Between Native and
Non-Native Speakers
Psychoacoustics
Luong Do Anh Quan*1, Youngmin Na1, Inyong Choi2, Jihwan Woo1
1
University of Ulsan, 2University of Iowa
Background
It is generally known that non-native and native speakers follow different cognitive processes in sentence
comprehension tasks. Several studies have assessed subjects’ responses to stimuli related to many linguistic
aspects ranging from phonetics, syntax, and semantics by analyzing changes in their electroencephalography
(EEG) signals. However, the EEG method has a limitation in explaining complex brain responses. Thus, eventrelated spectral perturbation (ERSP), which describes the brain’s oscillation, has been used to study speech
perception. The present study suggests an approach that uses continuous speech evoked spectral perturbation
(CSESP) by cross-correlation function to investigate differences in the oscillatory response between native
and non-native speakers.
Methods
EEG signals were recorded using a 64-channel EEG system from 13 native and 13 non-native subjects; all
subjects had a normal hearing ability. Participants listened to ten English natural sentences; each sentence was
repeated 100 times. Then, the speech envelope was extracted from the magnitude of the Hilbert transform,
and a 20 Hz low-pass filter was applied. EEG signals were preprocessed as follows: re-reference, filter,
resample and removing bad epochs and artifacts. Time-frequency representation was also computed for each
epoch using wavelet transform and then averaged to achieve ERSP. The CSESP was calculated using the
cross-correlation function between the ERSP and the speech envelope. Differences in CSESP between nonnative and native cases were presented to indicate event-related synchronization (ERS) and event-related
desynchronization (ERD) in non-native speakers’ speech perception.
Results
In the ERSP analysis, ERD in the alpha (8-12 Hz) and theta (1-5 Hz) bands were observed during speech
duration. The alpha-band ERD appeared in the left frontal, left temporal, central, and occipital cortices, while
the delta band ERD was located in the frontal and central cortices.
The CSESP also showed ERD in both the alpha and delta bands but with more apparent results in the alpha
band. The distribution of alpha-band ERD in CSESP analysis was similar to that in ERSP analysis but more
observable. Moreover, the ERD was quite strong in the early period (0 – 250 ms), but it decreased over time.
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While alpha-band ERD remained in the late period (500 – 800 ms) in the left frontal cortex, it disappeared in
the middle (250 – 500 ms) and late periods in the left temporal, central, and occipital cortices.
Conclusions
The results showed the alpha-ERD in many language-related areas, which is consistent with previous works
on brain oscillations in syntactic violations. It also suggested that the CSESP can be a useful approach to
understand a brain oscillatory constraint to continuous speech stimuli. However, the limitation in detecting
the cross-correlation relationship between two series sharing common trends of cross-correlation function
results in spurious response in the CSESP analysis.
Supported by grants from the National Research Foundation of Korea (2017R1E1A1A01078409)
T95. Tone Detection in Quiet and Steady-State Noise in a Nonhuman Primate Model of Cochlear
Synaptopathy
Psychoacoustics
Jane Burton*1, Chase Mackey1, Leslie Liberman2, Charles Liberman2, Michelle Valero3, Troy Hackett4,
Ramnarayan Ramachandran4
1
Vanderbilt University, 2Mass. Eye and Ear, 3Akouos Inc., 4Vanderbilt University Medical Center

Background
Noise-induced cochlear synaptopathy is a pathology characterized by loss of inner hair cell ribbon synapses
and subsequent loss of afferent auditory nerve fibers following temporary threshold shifts (TTS).
Physiological and modeling studies show that this deafferentation, especially loss of low spontaneous firing
rate fibers, results in impaired encoding of suprathreshold sounds, such as signals in noise. In this way,
synaptopathy may contribute to listening in noise complaints of individuals with normal audiologic
assessments (i.e. hidden hearing loss). However, studies assessing listening in noise abilities in humans at risk
for synaptopathy show mixed results that are difficult to interpret without anatomical verification of cochlear
integrity. The aim of this study and others from our laboratory (see posters by Mackey et al. and Feller et al.)
was to assess the functional consequences of cochlear synaptopathy. Here, we describe behavioral hearing
sensitivity, growth of masking, spectral resolution, and temporal integration in nonhuman primates before and
after noise exposure known to cause cochlear synaptopathy.
Methods
Five rhesus macaque monkeys were trained in a Go/No-Go lever release task to detect pure tone signals (0.532 kHz) in quiet and in noise under diotic, open field-testing conditions. Thresholds in quiet were used to
construct audiograms. Thresholds in continuous, steady-state broadband noise (BBN) were measured across
a wide range of noise levels (56-96 dB OAL) to estimate growth of masking slopes and intercepts. Thresholds
in spectrally notched noise were used to derive perceptual auditory filters using the rounded exponential fit,
and filter bandwidths were characterized using the equivalent rectangular bandwidth (ERB). Thresholds for
tones of varying duration (3.25-200msec) were measured in quiet and in BBN (76 dB OAL) and fit with
exponential functions to estimate integration time constants. Data were obtained before and after bilateral
exposure to an octave-band noise (2-4kHz) of 120 dB SPL for four hours, which caused TTS that recovered
within 1-3 weeks.
Results
Hearing sensitivity, growth of masking, ERB values, and temporal integration time constants were unchanged
following recovery from noise-induced TTS. Across all tasks, post-exposure tone detection thresholds in quiet
and in noise were not significantly different from pre-exposure thresholds for up to 11 months post-exposure.
Additional behavioral metrics, such as psychometric function slopes and reaction times, did not differ from
pre-exposure values for any stimulus condition. Immunohistochemical histological analysis of outer hair cell,
inner hair cell, and synapse survival along the cochlear length for each subject and ear is ongoing.
Conclusions
These null observations contrast findings in companion posters that show either temporary or permanent
changes in other auditory tasks. The histopathology will clarify how much synaptopathy can occur without
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compromising hearing sensitivity, growth of masking, spectral resolution, or temporal integration under our
diotic testing conditions. [Funding: R01 DC015988 (RR and Shinn-Cunningham), R01 DC000188 (MCL).]
T96. Transcriptional Comparison of AAV-Atoh1 and AAV-Atoh1/POU4F3/GFI1 Regenerated Hair
Cells in the Neonatal Mouse Cochlea
Regeneration
Gabriela Pregernig*1, Theresa Abell1, Kathy S. So1, Joseph Goodliffe1, Xichun Zhang1, Monika Kowalczyk1,
Arun Senapati1, Emma Alterman1, Ning Pan1, Joseph C. Burns1, Kathryn Ellis1
1
Decibel Therapeutics
Background
Atoh1, Pou4f3 and Gfi1 are transcription factors which are known to be specific to hair cells (HCs), and
crucial to their proper formation during development. Additionally, when Atoh1 is expressed alone or all three
factors are co-expressed, they have been shown to have the ability to drive the conversion of supporting cells
towards an HC-like fate, with Pou4f3 and Gfi1 enhancing the effect seen with Atoh1 alone.
Methods
In order to evaluate their promise for inner ear regenerative therapies, we sought to better characterize the new
HCs formed via AAV-driven overexpression of these factors. Neonatal mice were injected with either AAVAtoh1 alone, or with a combination of AAV-Atoh1/Pou4f3/Gfi1, under the control of a ubiquitous promoter,
and taken down 2 and 4 weeks later.
Results
Immunohistochemistry labeling showed that while both conditions yielded supernumerary HCs (Myo7positive), the latter resulted in larger numbers of new HCs, and led to regeneration in both medial and lateral
regions of the cochlea, as opposed to only medially with Atoh1 alone. This confirms results from previous
reports, which show that Pou4f3 and Gfi1 can potentiate the reprogramming potential of Atoh1, but more
importantly highlights that AAV-based overexpression is a viable strategy for hair cell regeneration in not
only the medial, but also the lateral cochlear domain. While immunohistochemistry readouts provide
information with respect to the number, location and morphology of the newly regenerated HCs, they lack
resolution to fully evaluate their molecular identity and maturity. We therefore sought to profile these cells at
single cell resolution. To first establish a reference dataset, we collected single cell RNA-seq data from the
cochleae of mice ages E14 to P12. After initial quality filtering and clustering, we isolated the HCs, defined
developmental trajectories for both inner and outer HCs, and identified signatures of gene expression changes
throughout development. To relate the AAV-regenerated HCs back to this dataset, we then performed single
nuclei profiling (sNuc-seq) on frozen cochleae from animals from the Atoh1 alone and Atoh1/Pou4f3/Gfi1
groups and projected the obtained profiles onto our developmental trajectories. In doing so, we are able to
leverage our inner ear single cell datasets to deconvolute the differences dictating medial only (Atoh1-driven)
versus medial and lateral (Atoh1/Pou4f3/Gfi1-driven) hair cell regeneration.
Conclusions
We demonstrate that this is a powerful strategy to reveal insights into the level of maturity and underlying fate
of these cells and has the potential to help guide the evaluation and development of cochlear regenerative
therapies.
T97. Inner Ear Gene Therapy With Atoh1, GFI1, and POU4F3 Regenerates Hair Cells in Mice After
Selective Hair Cell Ablation
Regeneration
Jin Woong Choi*1, Kevin Isgrig1, Jianliang Zhu1, Hong Jun Wang1, Mhamed Grati1, Beatrice Mao1, Jean
Bennett1, Matthew W. Kelley1, Wade Chien1
1
National Institute on Deafness and Other Communication Disorders (NIDCD), National Institutes of Health
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Background
The hair cells (HCs) in the inner ear act as mechanoreceptors for auditory and vestibular information. Noise,
ototoxic drugs, and aging can result in HC damage, leading to hearing loss and vestibular dysfunction.
Unfortunately, HCs do not have the ability to regenerate, and as a result, damage to the inner ear typically
leads to irreversible hearing loss. Previous studies have shown that Atoh1 alone, as well as the combination
of Atoh1, Gfi1 and Pou43f, can induce HC regeneration. In this study, we examined whether inner ear gene
therapy with Atoh1, Gfi1, and Pou4f3 could induce HC regeneration in a mouse model of selective HC
ablation
Methods
Heterozygous DTR (Pou43f+/DTR) mice were used in this study. These mice were divided into two groups:
the first group did not undergo HC ablation, and the second group underwent HC ablation with diphtheria
toxin at P0. Mice in both groups received either AAV2.7m8-Atoh1 or AAV2.7m8-Cmv-Gfi1-Pou43f-Atoh
via posterior semicircular canal injection. Immunohistochemistry and auditory brainstem response (ABR)
tests were performed at P30 for morphologic and functional evaluation.
Results
Administration of AAV2.7m8-Atoh1 or AAV2.7m8-Cmv-Gfi1-Pou43f-Atoh1 to heterozygote DTR
(Pou43f+/DTR) mice without diphtheria toxin administration caused ABR threshold shifts. Ectopic HCs were
observed, but HC death was also observed. When diphtheria toxin was administered, ectopic HCs were
observed in mice injected with both viral vectors. Ectopic HCs were seen mostly in the greater epithelial ridge.
Unfortunately, auditory function was not restored in mice following HC ablation regardless of the viral vector
used.
Conclusions
Our study showed that Atoh1, Gfi1, and Pou4f3 gene delivery using AAV2.7m8 induced ectopic HC
formation in neonatal DTR mice with and without HC ablation with diphtheria toxin. However, auditory
function was not restored despite ectopic HC formation, suggesting that other factors are necessary for hearing
recovery
T98. Generation of Vascularized Three-Dimensional Otic Neuronal Spheroids From Human
Pluripotent Stem Cells: Development Towards Stem Cell Replacement Therapy
Regeneration
Rachel Heuer*1, Christian Roque1, Luisa Silva1, Kevin Nella1, Kazuaki Homma1, Akihiro Matsuoka1
1
Feinberg School of Medicine, Northwestern University
Background
Although stem cell–replacement therapies to treat sensorineural hearing loss show promise, they are hindered
by the low survival rate of grafts transplanted within the inner ear. The transplantation of stem cells in threedimensional (3D) aggregates as spheroids as opposed to single-cell suspensions mitigates this obstacle
somewhat, especially when stem cells are transplanted with components of a stem cell niche such as a hydrogel
extracellular matrix and relevant growth factors. However, 3D spheroids present their own limitations, such
as cell death due to deprivation of nutrients and oxygen in the spheroid core. Additionally, the inhospitable
environment of the inner ear continues to limit cell survival of spheroids, especially in the long term. We
hypothesize that the vascularization of human pluripotent stem cell–derived spheroids with a network of
endothelial cell tubules would allow for greater viability of larger cell spheroids and may enhance cell survival
after transplant into the inner ear.
Methods
We here present a proof-of-concept experiment detailing the creation of vascularized otic neuronal progenitor
spheroids for future use in transplantation models of stem cell–replacement therapies. We have previously
developed robust protocols for the differentiation of human pluripotent stem cells to otic neuronal progenitor
cells and for the formation of 3D spheroids. To vascularize these spheroids, we have used a microfluidic cell
culture platform seeded with human umbilical vein endothelial cells to create vascular tubules, from which
we induced angiogenesis by the application of growth factors promoting endothelial sprouting. After forming
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a bed of vascular tubules in this manner, our neuronal progenitor spheroids were placed onto this vascular
bed, allowing the vascular tubules to surround the spheroids. As a comparison to the human endothelial tubule
vascularization, we have also used a novel oxygen-permeable organoid scaffold to create larger 3D cell
structures that allow nutrient and oxygen delivery throughout.
Results
Our 3D neuronal spheroids display the genetic and electrophysiological traits typical of neuronal progenitors
prior to vascularization. Our human vascular beds exhibit perfusable tubules capable of transporting medium
and nutrients. After placement of the spheroids atop the vascular bed, we observed the tubules surrounding
and beginning to pervade the spheroids. Additionally, our organoid scaffold system also creates viable 3D
structures without the need for a vascular bed.
Conclusions
This work represents a significant step towards the development of viable stem cell–replacement therapies in
the inner ear to treat sensorineural hearing loss. Further work must be done to quantify the survival of
vascularized stem cell–derived spheroids in an in vivo murine model.
T99. Screening and Characterization of POU4F3 Transcriptional Activators for Hair Cell
Regeneration in Mice
Regeneration
Joseph Frank*1, Vikrant Rai1, Zhenhang Xu1, Santanu Hati1, Hao Feng1, Sarath Vijayakumar1, Douglas Auld2,
Jian Zuo1
1
Creighton University, 2Novartis Institutes for Biomedical Research
Background
In adult mammals as opposed to certain non-mammalian vertebrates, cochlear hair cells (HCs) do not
regenerate following damage and loss. Deafness is therefore permanent in humans. Pou4f3 is a transcription
factor that is critical for the differentiation and maturation of HCs, and mutations in the Pou4f3 gene result in
DFNA15 deafness in humans. Previous studies have shown that Pou4f3 overexpression alone can convert
supporting cells (SCs) into immature HCs in adult mice. SC to HC conversion using Pou4f3-overexpression
alone is more efficient than Atoh1-overexpression alone in adult mammals. However, adding Pou4f3overexpression to Atoh1-overexpressing adult mice vastly enhances SC to HC conversion compared to
individual overexpression of either transcription factor. Those findings suggest that Pou4f3 is an important
therapeutic target for the regeneration of cochlear hair cells in adult mammals.
Methods
To identify small molecule POU4F3 transcriptional agonists, we collaborated with Novartis to perform a highthroughput screen of a PubChem library of ~40,000 compounds, a library of ~3,000 purified natural product
compounds, and a mechanism of action library of ~2,800 compounds. From this screen we identified 86 top
hits. The 86 compounds were validated for activity in stably transfected hPOU4F3-promoter and SV40promoter driven dual luciferase HeLa cell lines and validated for toxicity/viability through CellTiter-Glo
assays. Our hPOU4F3 cell line was generated by cloning the human 6kb POU4F3 promoter into PNL-Col1
vector, a second generation of coincidence luciferase reporter vector (Firefly + Nano-Luc), stably transfected
into HeLa cells with selection for hygromycin resistance. MS275 and sodium butyrate were used as positive
controls and non-specifically increase POU4F3 transcriptional activity. Data was normalized to DMSO
(negative control).
Results
We identified numerous POU4F3 transcriptional activators. We have extensively characterized two of our top
hits, C15 and C18. C15 and C18 significantly increase Pou4f3 mRNA levels in vivo in adult FVB mice when
delivered transtympanically. Additionally, C15 significantly increases Atoh1 mRNA levels following
transtympanic delivery in adult FVB mice. Our preliminary results in neonatal cochlear explants show that
C18 upregulates Pou4f3 protein expression in the GER region and that C18 enhances Atoh1-mediated
conversion of SCs to HCs.
Conclusions
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Here we showed in-vivo characterization of two specific Pou4f3 agonists, C15 and C18. These compounds
increased cochlear Pou4f3 mRNA levels in adult mice, and C18 enhanced Atoh1-mediated conversion of SCs
to HCs in neonatal cochlear explants. However, at the doses tested, C15 and C18 were unable to convert SCs
to HCs in adult wildtype mice. Furthermore, we have identified additional top hits which significantly increase
Pou4f3 transcriptional activity in vitro, several of which are more robust than C18.
Supported in part by NIHR01DC015010, NIHR01DC015444, ONR-N00014-18-1-2507, USAMRMCRH170030, and LB/Creighton.
T100. Tracking the Trajectory of Cognitive Performance Over Time Using Central Auditory Tests
Speech perception
Christopher Niemczak*1, Abigail Fellows1, Travis White-Schwoch2, Albert Magohe3, Jiang Gui1, Odile
Clavier4, Jay Buckey1
1
Geisel School of Medicine at Dartmouth, 2Northwestern University, 3Dar Dar Programs, 4Creare LLC
Background
The development of neurocognitive deficits in those infected with human immunodeficiency virus (HIV) is a
significant public health problem. Previous studies show that HIV positive individuals develop signs of central
auditory processing deficits which cannot be attributed to peripheral hearing loss. Previous cross-sectional
studies show that performance on central auditory tests (CATs) correlates with cognitive test results in those
with HIV, but no longitudinal data exist. We have been performing longitudinal assessments of central
auditory and cognitive function on a cohort of HIV+ and HIV- individuals in Dar es Salaam, Tanzania to
understand how the central auditory system could be used to study and track the progress of central nervous
system dysfunction. The goal of the project was to determine if CATs can track the trajectory of cognitive
function over time in those diagnosed with HIV.
Methods
Tests of peripheral and central auditory function, as well as cognitive performance, were performed on 382
individuals over the course of 3.5 years. Visits were scheduled every 6 months. CATs included tests of
auditory temporal processing (gap detection) and speech perception in noise (Hearing in Noise Test and Triple
Digit Test). Cognitive tests included the Montreal Cognitive Assessment (MoCA), Test of Variables of
Attention (TOVA), and subtests from the Cogstate battery. HIV+ subjects were divided into groups based on
their CAT results at their final visit (bottom 20%, top 20%, middle 60%). Primary analyses focused on the
comparison between HIV+ individuals that performed worse on CATs (bottom 20%) and the overall HIV+
group (middle 60%). Data were analyzed using linear mixed-effect models with time as the main fixed effect.
Results
The group with the worst (bottom 20%) CAT performance showed a difference in trajectory for MoCA
(p=.003), TOVA (p ≤.048), and Cogstate (p≤.046) over the course of the study period compared to the overall
HIV+ group. A battery of three central auditory tests showed a significant difference in cognitive trajectory
over a relatively short study period of 3.5 years independent of age (bottom 20% vs. HIV+, p<0.05).
Conclusions
Results were consistent with CATs tracking cognitive function over time, suggesting that central auditory
processing can provide a window into CNS performance. CATs can be simple to perform and are relatively
insensitive to education and socioeconomic status because they only require repeating sentences, numbers, or
detecting gaps in noise. These tests could potentially provide a time-efficient, low-cost way to screen for and
monitor cognitive decline in patients with HIV making them a useful surveillance tool for this major public
health problem.
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T101. Neural Encoding of Phonemes Modulated by Linguistic Information
Speech perception
Seung-Goo Kim*1, Federico de Martino2, Tobias Overath1
1
Duke University, 2University of Maastricht
Background
Speech perception entails the mapping of the acoustic waveform to linguistic representations. For this acoustolinguistic transformation to succeed, the speech signal needs to be tracked over various temporal windows
ranging from phonemes (tens of milliseconds) to sentences (seconds). Using a sound quilting algorithm
(Overath et al., 2015) to control the temporal extent of speech structure, we recently showed that an acoustic
analysis of temporal speech structure occurs in superior temporal sulcus (STS), while left inferior frontal gyrus
(IFG) is engaged in mapping temporal speech structure to linguistic representations (Overath & Paik, under
review).
Methods
Here, we provide novel evidence that the neural encoding of a fundamental linguistic unit (phoneme) is
modulated by both the acoustic and linguistic contexts using accelerated fMRI (TR = 1.2 s). Ten native English
speakers without knowledge of Korean listened to 33-s long speech sounds (either phoneme-quilted speech,
or natural speech) in native (English) or foreign (Korean) languages. A linearized encoding analysis was
performed using ridge regression with finite-impulse response models. The performance of various models
either encoding certain conditions/predictors or not was compared in terms of Pearson correlation coefficient.
Group-level statistical inference used a cluster-based permutation test.
Results
Durations of phoneme classes (linguistic features) in addition to envelope (acoustic features) improved the
prediction of BOLD signal in the Heschl’s gyrus (HG), planum temporale (PT), superior temporal gyrus
(STG), and posterior superior temporal sulcus (STS), bilaterally (cluster-p = 0.001). Critically, encoding
language (English or Korean) or manipulation of speech (quilted or natural) improved the prediction of BOLD
signal in the left STS from the anterior to the posterior (cluster-p < 0.007).
Conclusions
These findings demonstrate that the information of rapid speech sounds embedded in the sluggish BOLD
signal can be reliably extracted using linear regression.
T102. Implementation of a Behavioral Dual Test for Assessment of Difficulty of a Listening Task With
Australian Speech Material
Speech perception
Carmen Carabali Carabali*1, Hamish Innes-Brown2, Robert Luke3, Soren Riis4, Thomas Lunner2, Colette
McKay5
1
University of Melbourne, 2Eriksholm, 3Macquarie University, 4Oticon Medical, 5The Bionics Institute of
Australia
Background
Speech intelligibility is commonly used for comparing the benefits of different hearing solutions, however
when the performance for the compared conditions is at ceiling levels, speech intelligibility results could be
difficult to evaluate for this purpose. In this scenario, an alternative is to introduce a secondary task: the recall
of words heard during the speech intelligibility test. In this way, the effects of different signal processing or
hearing device configurations can be reflected in the recall performance, even when the speech intelligibility
results are unaffected. The aim of this study was to implement and validate a version of a dual-task behavioral
test for assessing listening task difficulty at high speech intelligibility levels with Australian speech material.
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Methods
Sentences from the Australian Sentences in Noise test (Dawson et al., 2013), were selected and organized in
lists of seven sentences. Sixty-three lists were created such that the last words in each list were similar in terms
of word type, the number of syllables, and other features. In each list, there were 6 nouns and 1 adjective as
last words; 2 of those last words were bi-syllabic and 5 were monosyllabic. Other features considered were
the word frequency in the Australian Corpus of English and that the last word had to be singular for all
sentences.
To validate the test, 24 participants with typical hearing thresholds (age range 20.0 - 56.9 years) were recruited.
They listened to the lists of seven sentences in background four talker babble noise at 0 dB SNR and performed
a dual-task paradigm where they were asked to first identify the last word of each sentence, and then recall
the identified words after each list was completed. Performance on last-word identification and recall was
compared when a binary mask noise reduction algorithm was on and off.
Results
The implemented test was validated by showing that, in participants with typical hearing thresholds, recall
performance, indexed by percentage of correct responses, was significantly better when the binary mask noise
reduction algorithm was applied to the speech sample (median=77.14% , IQR = 15%) than when it was not
(median=68.57%, IQR = 25.71%).
Conclusions
The behavioral test, implemented using Australian speech material, could be used in the clinical and research
practice for assessing task difficulty at high levels of speech intelligibility.
T103. Does Noise-Induced Cochlear Synaptopathy Affect Speech-In-Noise Perception in Listeners
With Normal Audiograms?
Speech perception
Mishaela DiNino*1, Lori Holt1, Barbara Shinn-Cunningham1
1
Carnegie Mellon University
Background
Noise-induced cochlear synaptopathy (CS), a loss of synapses between cochlear inner hair cells and the
auditory nerve following exposure to high-intensity sound, may explain at least some cases of impaired
speech-in-noise perception in adults with normal hearing thresholds. Relative to control animals, those with
CS demonstrate intact hearing thresholds but reduced numbers of AN fibers. This pathology may hinder
auditory perception in background noise via loss of AN fibers, especially the low spontaneous-rate fibers that
are important for encoding high-intensity sound. Loss of AN fibers can reduce neural synchrony, which may
degrade speech-in-noise perception. Still, investigations in humans with normal hearing thresholds have
produced apparently inconsistent findings: some observed a relationship between one or more proxies of
noise-induced CS and speech perception in challenging listening conditions, but many others found no
evidence that CS impacts human perception of speech in noise.
Methods
To understand these discrepant results, we reviewed 21 studies of the relationship between noise-induced CS
and speech-in-noise understanding performance in adults with normal or near-normal hearing thresholds.
Results
Several previous reviews have concluded that imprecise metrics for estimating CS levels in humans is the
primary obstacle of research in this area, and we agree that this problem complicates interpretation of many
investigations. However, after considering the set of studies, we believe that another significant factor is the
heterogeneity of the stimuli and types of noise used in the speech-in-noise perception tasks. Specifically, for
each of these prior studies, we examined what factors were likely important in determining individual speechin-noise understanding performance. Our analysis suggests that these investigations—which used
superficially similar tasks— actually placed very different demands on sensory, perceptual, and cognitive
processing. Although this also occurs in the field of traditional hearing loss, the pathology of CS is much more
subtle and difficult to isolate, and the respective influences of task characteristics on speech-in-noise
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perception performance are likely much greater. In addition, variability in cognitive processes influences
individual differences in performance on many of the speech-in-noise tasks used. These factors may have
obscured any relationship between speech-in-noise understanding performance and a subtle sensory pathology
that CS may cause.
Conclusions
In light of these issues, we encourage caution when directly comparing results from prior investigations of the
relationship between noise-induced CS and speech-in-noise understanding performance—and when
interpreting “null” results of previous studies in this area. Development of sensitive proxies of noise-induced
CS, as well as novel assessments of speech-in-noise understanding that target the subtle sensory deficits that
CS likely produces, are necessary to resolve the current controversy in the field.
T104. Cortical Brain Networks for Perception of Speech With Simultaneous Talkers
Speech perception
Christian Herrera Ortiz*1, Marjorie Leek1, Nicole Whittle1, Grace Lee2, Caleb Barcenas2, Samuel Barnes2,
Barbara Holshouser2, Alex Yi1, Jonathan Venezia1
1
VA Loma Linda Healthcare System, 2Loma Linda University
Background
Perception of speech in background noise involves brain regions in the auditory cortex as well as the frontal
and parietal lobes. However, the response properties of different subregions within this 'speech-in-noise'
network have not been well described
Methods
In this study, we used fMRI to probe the organization of this network in 25 listeners performing a competing
speech task.
We utilized an encoding-model approach to generate voxel-wise classification images in two versions of a 3AFC coordinate response measure task: one with target (female) and competing (male) talkers (“Competing”)
and one with female and male talkers who generated identical utterances (“NonCompeting”). Acoustic
distortion was applied to each two-talker mixture by filtering out randomly selected segments of the twodimensional speech modulation spectrum. To produce a classification image, the two-dimensional filter
patterns were used to predict the effects of the resultant, idiosyncratic acoustic distortions on the brain
response. Specifically, the ‘boosting’ algorithm was used to estimate a multivariate temporal response function
(mTRF) at each voxel, and the mTRF was used to predict the brain response on held-out data. We identified
brain regions in which the predictions were significantly different between the Competing and Noncompeting
conditions. Clustering was applied to the mTRFs in these regions to identify different patterns of speech
encoding.
Results
In fact, three subnetworks were identified: a network in the lateral superior temporal gyrus that responded
primarily to intelligible speech, a frontoparietal network that responded primarily to acoustic distortion and/or
competing speech, and a network spread over 'semantic memory’ regions that was best driven by clear speech.
A Bayesian generalized linear mixed model revealed strong associations between activation and task
performance in the superior temporal and frontoparietal networks, but in opposite directions.
Conclusions
These networks likely reflect perceptual and post-perceptual processing, respectively, and their relative
activation may be a signature of individual differences in competing speech perception.
T105. Investigating Baseline Effects on the Temporal Dynamics of the Task Evoked Pupillary
Response
Speech perception
Helia Relaño-Iborra*1, Dorothea Wendt2, Mihaela-Beatrice Neagu1, Torsten Dau1, Per Bækgaard1
1
Technical University of Denmark, 2Eriksholm Research Centre Denmark
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Background
Pupillometry has been widely used as a tool to assess cognitive effort. Generally, in experiments aimed at
understanding cognitive processes, researchers are interested in analyzing and isolating the task-related
(phasic) pupil response from the slower non-task related (tonic) response. Thus, pupillometry data are
commonly reported relative to a baseline value recorded in a controlled pre-task condition. Baseline correction
aims to factor out the tonic response from the pupil trace, therefore allowing for the analysis of purely
cognitive-related effects. However, the interactions between baseline values and phasic responses need to be
better understood, such that the influence of the pre-task pupil state on the task-evoked response can be better
characterized and corrected for.
Methods
The influence of experimental design and task difficulty on the pupil baseline was investigated during a speech
intelligibility in noise test. Furthermore, the relationship between the baseline pupil sizes and the temporal
dynamics of the pupil response obtained in the different conditions was assessed.
Data from 27 normal-hearing listeners presented in Wendt et al. (2018) [Hear. Res., 369, 67–78] were
analyzed. The stimuli consisted of Danish HINT sentences presented in a four-talker babble noise at different
signal-to-noise ratios (SNR). Blocks of 25 sentences were used for each SNR condition, whereby the block
presentation order was randomized across listeners. Each trial included 3 seconds of noise alone, followed by
the sentence in noise. The baseline was defined as the mean pupil size during the last second of the noisealone segment of each trial.
Results
A mixed-effects model was used to analyze the baseline values. The model revealed strong significant effects
of block presentation order, within-block sentence order and SNR (i.e., task difficulty). A significant effect of
the interaction between SNR and block order was found, indicating that baseline values reflect listener
expectations arising from the order on which the different SNR blocks were presented to them (i.e., whether
they were tested on the most challenging or the easiest conditions first). Regarding the influence of the baseline
values on the pupil response after baseline correction, a significant effect of the baseline was found on the
slope, delay and curvature of the pupillary response, but not on the mean pupil dilation. This suggests that
baseline correction might be sufficient when reporting pupillometry results in terms of peak pupil dilation or
mean pupil dilation, but not when a more complex characterization of the temporal dynamics of the response
needs to be analyzed.
Conclusions
This investigation provides insights into the influence of experimental design on the recorded pupillary
response. By clarifying which factors affect baseline pupil size and how baseline values interact with the taskevoked response, these findings can provide a basis for establishing best practices in pupillometry research.
T106. Investigating the Reliability of Pupillometry as an Individualized Measure of Listening Effort
Speech perception
Mihaela-Beatrice Neagu*1, Torsten Dau1, Helia Relaño Iborra1, Per Bækgaard1, Abigail Anne Kressner1,
Dorothea Wendt2
1
Technical University of Denmark, 2Eriksholm Research Centre Denmark
Background
Recordings of the pupillary response have been used in numerous studies to assess listening effort e.g. during
a speech-in-noise task in normal-hearing and hearing-impaired listeners. These studies focused on averaged
responses across listeners, whereas less is known about pupil dilation as an indicator of the individuals’
listening effort. The present study investigated the reliability of several features of the pupillary response as
potential indicators of listening effort during a speech-in-noise task and the conditions under which these
features are reliable. Furthermore, this study analyzed potential listener-specific factors, such as the
individual’s fatigue, motivation and cognitive status at the time of testing, and their impact on pupillary
response.
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Methods
The pupil dilations of 31 normal-hearing listeners were recorded during multiple visits while performing a
speech intelligibility task where sentences were presented in 4-talker babble noise. The signal-to-noise ratios
(SNRs) of the stimuli ranged from -12 dB to +4 dB. Listener-specific factors related to cognitive processing,
fatigue and motivation were measured at each visit. All listeners were measured twice in separate visits and
11 of them were additionally re-tested in a third visit. The individuals’ pupillary responses were characterized
using the peak pupil dilation and the mean pupil dilation. Additionally, Growth Curve Analysis (GCA) was
applied to the recorded responses to extract more complex features of the response (slope, delay and rise and
fall ratio). To examine the reliability of the pupil responses across visits, intraclass correlation coefficient
(ICC) agreement and Cronbach’s alpha methods were applied to each of these pupil response features.
Furthermore, the variation of the pupillary response across visits and the influence of the listener-specific
factors on such variations were analyzed using a linear mixed-effects model.
Results
The reliability results indicated good (1st - 2nd visit) to excellent (2nd - 3rd visit) agreement in the most
challenging listening situations (-12 dB SNR) for most of the pupil features. Furthermore, the agreement
across the 2nd and the 3rd visit was found to be higher than that across the 1st and the 2nd visit. The most
reliable pupil features were the mean pupil dilation and the GCA delay. The SNR and the objective taskrelated fatigue both seemed to positively affect the changes of the pupil response between the 1st and the 2nd
visit (31 subjects) and also between the 2nd and the 3rd visit (11 subjects).
Conclusions
The findings of the present study demonstrated that the reliability of the pupil response across adjacent visits
increased with an increasing number of visits. Furthermore, high reliability was observed in the most
demanding listening situation at -12 dB SNR. These results are an important prerequisite for future
experimental analysis and for developing pupillometry towards a standardized test to be clinically applied.
T107. Online Neural Monitoring of Statistical Learning via Click Detection in a Word Segmentation
Paradigm
Speech perception
Akshay Maggu*1, David Murphy1, Maddie Hsiang1, Jie Wan1, Tobias Overath1
1
Duke University
Background
Statistical learning, the identification of probabilistic patterns over time (e.g. syllable or phoneme order within
a language), is a fundamental component of language acquisition (Romberg & Saffran, 2010; Saffran, 2001,
2003). For example, linguistic processes such as word segmentation in a novel language can be achieved via
statistical learning of syllable patterns that differentiate between versus within words (Saffran, 2001). One
way to evaluate online statistical learning in word segmentation is to embed targets within the word stream
(Franco et al., 2015; Gómez et al., 2011). In one variant of this method, clicks are inserted at different syllable
positions (between vs. within word) of the “words” and the subjects are instructed to press a button as soon as
they hear a click. The idea behind this approach is that, as the auditory stream containing syllables progresses,
subjects are able to statistically learn the “words” based on transitional probabilities, which interferes with the
detection of target clicks, which in turn affects reaction time (RT). Behaviorally, the click detection method
has proven useful for online monitoring of statistical learning (Gómez et al., 2011); however, the viability of
this method for neural monitoring of online statistical learning has not been investigated. Further, the existing
evidence (Franco et al., 2015; Gómez et al., 2011) has been limited to studying the effect of click insertion at
first and second syllables of trisyllabic “words”.
Methods
In the current study, we aimed at understanding (1) The effect of click position (first, second, or third) on RT;
(2) Whether the click detection method, in conjunction with electroencephalography (EEG), could be used as
a neural marker to identify online statistical learning. We recruited 34 subjects (mean age=21.3 years; 14
males) who were played three separate auditory streams of syllables. Two streams (structured) contained
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artificial “words”, while the third stream (random) contained nonwords. Structured streams had clicks inserted
either at syllable positions 1 and 2, or 1 and 3. In comparison, the random stream did not have any “words”,
with clicks placed at positions 1 and 2, or 1 and 3. Stimuli were binaurally presented via insert earphones,
behavioral responses to clicks were collected using keyboard presses, and simultaneous EEG data were
collected using a 64-channel electrode placement.
Results
We found a difference in the trajectory of RTs over time for the structured vs. random condition. Further, we
found differences in RT trajectories in the between vs. within words condition. Preliminary analyses of the
EEG data suggest that click-evoked P300 event-related potential (ERP) differs between structured and random
presentation, as do between vs. within-word click-evoked ERPs.
Conclusions
Overall, the current findings suggest that the click detection paradigm, in conjunction with EEG, can be used
for online neural monitoring of statistical learning.
T108. Speech Token Detection and Discrimination in Individual Infants Using Functional NearInfrared Spectroscopy
Speech perception
Darren Mao*1, Julia Wunderlich1, Borislav Savkovic1, Emily Jeffreys1, Namita Nicholls1, Colette McKay1,
Onn Wah Lee1
1
The Bionics Institute of Australia
Background
Speech detection and discrimination assessment is a key audiometric test that informs management decisions
and device fitting for hearing impaired individuals. Though behavioral speech perception assessment is
suitable for adults, there is no current clinically efficient objective measure. Additionally, this is more difficult
in infants, for whom proper hearing impairment intervention promotes normal hearing and language
development. Thus, a clinical need arises for an objective measure of speech detection and discrimination. In
this study, our group has used functional near-infrared spectroscopy (fNIRS), a non-invasive brain
measurement technique, to image the infant brain in response to speech sound presentation, aiming to classify
whether neural correlates of speech tokens detection and discrimination are present in measured fNIRS
signals.
Methods
Twenty-four infants who passed newborn hearing screening, aged between 8 and 61 weeks, were tested while
asleep. fNIRS responses were acquired over left and right, pre-frontal and temporal regions of interest. Three
pairs of speech tokens were presented in a discrimination paradigm: A “habituation” speech token was
presented in regular intervals so the fNIRS response would habituate and thus decay in amplitude. A “novel”
speech token followed, with the expectation that the novelty would elicit a larger response than that from the
habituated stimuli. This procedure was repeated until infants awoke (mean test time 29 minutes).
A pre-processing pipeline was applied to acquired data, which includes artefact rejection and correction based
on strictly objective and automatic criteria, thus eliminating hand-curation data. Then, in the signal detection
pipeline, the processed fNIRS responses were projected onto a matched filter (representing expected response
morphology) to calculate response effect sizes, which were then tested for statistical significance in terms of
speech token detection and discrimination.
Results
Grand averaged responses to speech tokens were detectable (T23 = 6.33, p < 0.0001), and novel speech tokens
had significantly larger response effect sizes than habituated ones (T23 = 4.55, p < 0.0005). No difference in
effect size was detected between the three different speech token pairs (F2,19 = 0.08, p = 0.922), implying our
combination of stimulation protocol, signal processing and detection pipeline is robust to differing speech
token pairs. Region of interest analysis showed significantly larger responses in the temporal regions than the
pre-frontal regions.
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Conclusions
We have shown with our group level results that objective speech detection and discrimination is achievable
in infant populations using fNIRS. To achieve reliable results on an individual-participant level, insights from
the results of this initial experiment are utilised in our upcoming work. This includes improving the stimulation
protocol to generate larger novelty responses, improving signal processing to aid signal detection, and
development of an integrated, clinically viable hardware and software package to enable low-cost multi-site
testing on more infants and newborns.
T109. Using fNIRS to Measure Noise and Context Effects on Listening Effort
Speech perception
Joseph Rovetti*1, Huiwen Goy2, Michael Zara2, Frank Russo2
1
Western University, 2Ryerson University
Background
To successfully perceive speech under challenging conditions, listeners may have to recruit additional
cognitive resources (e.g., working memory). This recruitment of cognitive resources is referred to as “listening
effort.” As the level of background noise increases, listening effort increases. In addition, some evidence
suggests that increased semantic context can decrease listening effort by rendering speech more predictable.
Methods
We assess the effects of different levels of background noise and semantic context on listening effort using
functional near-infrared spectroscopy (fNIRS), a silent neuroimaging method that relies on hemodynamics.
Twenty-eight normal-hearing participants listened to speech that was either low in background noise or high
in background noise, and was either low in context (e.g., “Betty knew about the nap”) or high in context (e.g.,
“The sleepy child took a nap”). Participants repeated back the final word of each sentence. At the same time,
fNIRS measured the level of oxygen in each participant’s prefrontal cortex (PFC), which served as our
measure of listening effort.
Results
As expected, we found that as the level of background noise increased, PFC oxygenation increased bilaterally,
suggesting that listening effort increased. However, we did not find that semantic context affected PFC
oxygenation, suggesting that listening effort was similar whether context was low or high. This was an
unexpected finding, as higher context would be expected to reduce the number of candidates for each sentencefinal word, which would in turn reduce the cognitive resources required to narrow it down.
Conclusions
One possible reason for the lack of a context effect on listening effort is that, to make use of context in this
way, cognitive resources must first be used to make sense of the sentence semantically, since only then can
the final word be predicted. Thus, semantic context may not always reduce listening effort, at least under the
conditions of the current study.
T110. Open Board
T111. The Effect of Hearing Aid Noise Reduction on Early and Late Cortical Processing of Speech
Speech perception
Emina Alickovic*1, Carina Graversen1, Lorenz Fiedler1, Dorothea Wendt1, Hamish Innes-Brown1, Sebastien
Santurette1, Elaine Hoi Ning Ng1, Thomas Behrens1
1
Eriksholm Research Centre, Oticon A/S, Snekkersten, Denmark,
Background
Earlier studies have demonstrated the progressive and hierarchical cortical representation of complex multitalker auditory scenes in the auditory cortex. Previous noninvasive (magnetoencephalography, MEG) and
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invasive (electrocorticography, ECoG) studies have shown that early responses are likely to represent the
entire auditory scene and late responses in higher-order non-primary areas are likely to represent the attended
talker separately and with higher fidelity than unattended talkers. Recent electroencephalography (EEG)
studies have shown that hearing-aid (HA) noise reduction (NR) signal processing can result in enhanced
cortical representation of the talkers in front of the listener and suppressed representation of background noise.
Drawing inspiration from these studies, our objective was to investigate the effects of a HA NR scheme on
the representation of complex multi-talker auditory scenes in distinct hierarchical stages of the auditory cortex
by using high-density EEG.
Methods
We recorded EEG responses in 35 participants with bilateral sensorineural hearing loss fitted with HAs, with
NR either on or off. Participants were instructed to attend to one of two simultaneous talkers in front of them,
and to ignore the talker on the contralateral side and multi-talker babble noise in the background (+3 dB SNR).
Results
Using a stimulus reconstruction approach, we found that NR affected cortical representations of the competing
talkers in front of the listeners as well as the background noise. Activating the NR scheme resulted in enhanced
representations of the attended and ignored talkers in the foreground and suppressed representation of the
background noise in late EEG responses. Finally, the use of the NR scheme resulted in enhanced
representations of auditory objects in the foreground (the attended as well as ignored talker) and of the entire
auditory scene in the early EEG responses, irrespective of attention.
Conclusions
Together, these results support the existing view of hierarchical auditory processing in the brain. They
demonstrate the benefit of HA NR on cortical representations of complex multi-talker scenes in hearing
impaired listeners.
T112. Tinnitus Pathology Disrupts Physiology and nAChR Signaling in Auditory Cortex (A1) L5
Pyramidal Cells
Tinnitus
Madan Ghimire*1, Rui Cai1, Lynne Ling1, Troy Hackett2, Kevin Brownell1, Donald Caspary1
1
Southern Illinois University School of Medicine, 2Vanderbilt University Medical Center
Background
Tinnitus, commonly referred to as ringing of ears, is a phantom sound that can impact the quality of life of the
individuals experiencing it. Peripheral trauma, including excessive noise exposure, ototoxic drug exposure
and maladaptive plasticity of central auditory pathways are believed to be the chief culprit in tinnitus
pathology. There is a growing evidence suggesting compromised attentional resources in an animal model
tinnitus. In humans, McKenna, Hallam and Surlock 1996, suggest a tinnitus related decline in sustained
attention, vigilance, visual conceptualization and visuo-motor memory. The involvement of acetylcholine in
selective attention and working and long-term memory has been well established. Neuronal nicotinic
cholinergic receptors (nAChRs) present on presynaptic and postsynaptic sites and contacting neurons across
layers of primary auditory cortex (A1) represent possible sites of tinnitus pathology. A1 layer (L) 5 pyramidal
neurons are the major output neurons projecting to auditory thalamus and brainstem. Preliminary FISH studies
show an increases in transcript density of β2 and α4 nAChR subunits across A1 layers. We posit that Animals
with chronic evidence of tinnitus will show increased cholinergic activity on to L5 pyramidal cells.
Methods
CHAT-cre and Wild type Long-Evans rats of both sex and age 3-4 months were used in the following studies.
Animals were sound exposed, trained and tinnitus screened as in Bauer et al., 1999. Animals were classified
as control, exposed tinnitus, and exposed non-tinnitus based on their suppression ratios. These groups were
used for: 1) Whole-cell Patch clamp recording 2) Whole-cell patch clamp Optogenetics and 3) In situ
hybridization.
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Results
Approx. 50% noise exposed animals exhibited behavioral evidence of tinnitus with non-significant shifts in
hearing threshold. A significant increase in the number of spontaneous EPCs onto L5 pyramid cells was
observed in exposed-tinnitus animals. L5 pyramid cells from control rats showed bimodal changes in EPC
number in response to bath or endogenous release of Acetylcholine (Ach) while L5 neurons from tinnitus
animals primarily showed decreasing numbers of EPCs in response to Ach. Ach significantly increased the
number of action potentials evoked by 2X rheobase current electrical stimulation of L5 pyramid cells, showing
increased cholinergic mediated excitability. Sensitivity to Ach in response to increasing doses (0.1 -10 mM
Ach) was disrupted in animals with tinnitus, with L5 neurons from control animals exhibiting linear evoked
EPCs, while L5 neurons from tinnitus animals failing to demonstrate a clear dose-response relationship.
Stimulation of thalamocortical inputs to AI produced significantly larger evoked EPCs in animals with
tinnitus.
Conclusions
Present data demonstrated altered physiology with evidence of dysregulated cholinergic signaling with
tinnitus. Increase in sEPC’s observed in tinnitus animals may reflect increased activity of A1 L5 neurons
showing tinnitus pathology.
T113. Open Board
T114. Categorization of Tinnitus Listeners With a Focus on Cochlear Synaptopathy
Tinnitus
Chiara Casolani*1, Bastian Epp1, James Harte2
1
Technical University of Denmark, 2Eriksholm Research Centre
Background
The mechanisms underlying tinnitus, the perception of sounds in the absence of a stimulus, are still poorly
understood making treatments in many cases non-efficient. One suggested mechanism of tinnitus is a
modification of neural gain as a consequence of neural damage in the cochlea. Recent progress in
understanding cochlear synaptopathy (CS) might help to identify this subtype of tinnitus caused by reduced
input into the central auditory system. Hence, combining measures to assess tinnitus and suggested measures
to quantify synaptopathy can shed light on a potential connection between the behavioral phenomenon of
tinnitus and the neural pathology of CS. It is assumed that CS leads to spiral ganglion neuron (SGN)
degeneration and hence a shift in detection threshold, preferentially at high frequencies. It is hypothesized that
the group of tinnitus listeners with a normal audiogram in the standard audiometric frequency range can be
subdivided based on outcome measures that would be consistent with the presence of CS.
Methods
Behavioral and objective measures were collected in a group of audiologically normal hearing tinnitus
sufferers and an age- and audiogram matched control group without tinnitus. High frequency audiometry was
used to assess a potential SGN degeneration. MEMR was measured to link potential SGN degeneration with
the efferent activity. Tinnitus measures aimed to characterize the perception of tinnitus (loudness, pitch) and
potential links to neural properties (tinnitus tuning curve, psychophysical tuning curve) were included. These
measures were supplemented by adaptive categorical loudness scaling (ACALOS) chosen as a confound for
hyperacusis. The outcome measures were quantified and used as input into a classifier based on statistical
learning. A cluster analysis of the data was conducted in 19 dimensions using the “partitioning around
Medoids” method. The number of clusters was selected based on a data-driven approach. The importance of
each dimension was analyzed with and without inclusion of tinnitus-specific outcome measures.
Results
When analyzing the whole subject group including all the measures, an anticipated clear separation between
tinnitus and control group was observed. This separation was driven by the tinnitus-specific measures.
Analyzing the tinnitus group only, the number of clusters selected by the algorithm was two. The analysis of
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importance of the predictors shows that the clustering of this group was driven by measures previously
suggested to be sensitive to CS.
Conclusions
Using statistical learning methods allows to cluster listeners based on behavioral and physiological outcome
measures. CS could be one mechanism underlying tinnitus. Hence, inclusion of tinnitus in experiments of CS
might increase the probability of a high degree of CS in the group of listeners.
T115. A Robust Procedure for Tinnitus Assessment in Mice Using Automated Machine Learning and
Combinatorial Statistical Techniques
Tinnitus
Joseph Walton*1, Timothy Fawcett1, Collin Park1, Luisa Scott2
1
University of South Florida, 2Cognosetta, Inc.
Background
Tinnitus, the neural perception of sound in the absence of external stimuli, affects more than 15% of the adult
population. Reliable animal models and objective measures to assess the presence and characteristics of
tinnitus are critical for determining the neural basis of, and developing treatments for, tinnitus. Gap pre-pulse
inhibition (PPI) of the acoustic startle reflex (ASR), referred to as the GPIAS paradigm, is a common measure
of tinnitus. The idea is that the tinnitus “fills in" or masks a long pre-pulse silent gap, decreasing the magnitude
of inhibition caused by the pre-pulse sound. To improve the fidelity of the GPIAS measure, the current study
combines a robust statistical comparison of PPI before and after acoustic trauma-induced tinnitus with a
recently reported machine learning-enhanced classification method to select true startle waveforms from
noise.
Methods
A total of 45 male young adult (2 to 6.5 months) CBA/CaJ mice either underwent acoustic trauma (n=40) or
were controls (n=5). Acoustic trauma was administered via free field exposure for 1 hour. Awake mice were
placed in a small wire cage be-low a speaker playing a 113 dB SPL narrow-band (1 kHz bandwidth) noise
centered at 16 kHz. The presence of tinnitus was assessed via PPI of the ASR with pre-pulse narrow-band
noise carriers at 10, 12, 16, 20, 24, and 36 kHz; ASRs were measured using a custom-built platform connected
to piezoelectric transducers. Each mouse was tested individually for up to 6 baseline sessions every other
day, and up to 12 sessions >5 weeks following acoustic trauma. ASR waveforms were classified using an
automated machine learning model to identify true startles and removing noise from further analyses. The
distributions of startle amplitude ratios of (1-PPI) were compared for trials before and after acoustic trauma
utilizing a fully combinatorial approach for each frequency, i.e. including all gap/no-gap startle responses in
a single testing session. Statistical comparisons were made using both the Welch t-test and the Hedges g effect
size corrected for small sample sizes.
Results
A total of 871,680 MFG ASR waveforms were automatically classified as startles (455,371) and non-startles
(416,309) with only startles used in further analyses. The full combinatorial statistical analysis detected no
changes in PPI (gap versus no-gap) in the control animals (|g\*| < 0.2) at all frequencies as expected. In
contrast, 11 acoustic trauma animals exhibiting at least medium effect size changes in PPI (g\* < -0.5) with
an additional 10 animals demonstrating small effect size changes in PPI (g\* < -0.2), indicating the presences
of tinnitus.
Conclusions
The combination of these two techniques results in a robust and sensitive assessment of the presence of
tinnitus, as well as the identification of spectral regions that are likely within or adjacent to the tinnitus pitch.
T116. A Phase 1/2 Study of OTO-313 Given as a Single Intratympanic Injection in Patients With
Moderate to Severe, Persistent Tinnitus
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Tinnitus
Kenneth Maxwell1, James Robinson2, Ines Hoffmann2, Gordon McMurry3, Grant Searchfield4, David
Baguley5, Jeffery Anderson*2
1
Piedmont ENT, 2Otonomy Inc., 3ENT & Allergy Associates-Louisville, 4University of Auckland, 5University
of Nottingham,
Background
Tinnitus, a perception of sounds without a correlated external auditory stimulus, is widely prevalent and often
associated with distress. Excessive activation of NMDA receptors within the hair cell complex due to noise
or other cochlear insults may be of particular importance in altering activity of the auditory nerve and
generating subjective tinnitus. OTO 313 is a lipid-based formulation of the potent and selective NMDA
receptor antagonist gacyclidine that provides sustained exposure to the cochlea after a single intratympanic
(IT) injection.
Methods
The safety, plasma PK, and exploratory efficacy of OTO-313 was evaluated in a randomized, double-blind,
placebo-controlled, Phase 1/2 study. An initial safety and plasma PK cohort of 8 patients with tinnitus received
a single IT injection of either 0.11 mg OTO-313 or placebo (PL). A follow-on exploratory efficacy cohort
included 35 patients with unilateral tinnitus of moderate to severe intensity (score of ≥ 25 on the Tinnitus
Functional Index [TFI]) and a duration of tinnitus of 1 to 6 months since onset. Following a 2-week lead-in
period, patients received a single IT injection of either 0.32 mg OTO-313 or PL (1:1). Safety and exploratory
efficacy (TFI, daily ratings of tinnitus loudness and annoyance, and PGIC) were evaluated over an 8-week
follow-up period.
Results
OTO-313 was well-tolerated with a lower incidence of adverse events than placebo. In the exploratory efficacy
cohort, the mean TFI reduction from baseline trended in favor of OTO 313 at each timepoint (Day 15: -9.3
points OTO-313 vs -4.1 points PL; Day 29: -9.4 points OTO-313 vs -6.6 points PL; Day 57: -12.9 points
OTO-313 vs -4.3 points PL). A clinically meaningful, 13-point improvement on the TFI was observed in 43%
(6/14) of OTO-313 patients at both Day 29 and Day 57 versus 13% (2/16) of PL patients (adhoc p-value <
0.05). The higher responder rate for OTO-313 vs. PL was maintained for all TFI improvement levels of 15,
20, 25 and 30 points. Treatment with OTO-313 led to reduction in the daily ratings of tinnitus loudness and
annoyance as well as improved PGIC scores. Among responders, strong correlation was observed between
the various endpoints in favor of OTO-313. As anticipated with targeted IT administration, plasma
concentrations of gacyclidine were below the limit of assay quantitation (≤ 0.1 ng/mL) confirming limited
systemic exposure.
Conclusions
A single treatment with OTO-313 was well-tolerated and demonstrated a higher proportion of responders than
placebo based on a clinically meaningful reduction in TFI scores across consecutive study visits (Day 29 and
57). Reductions in TFI scores strongly correlated with improvements in tinnitus loudness, tinnitus annoyance,
and PGIC. These findings demonstrate safety and exploratory efficacy of OTO-313 and support further
clinical development for the treatment of tinnitus.
T117. Investigation of Changes in Blood Pressure and Heart Rate Evoked by Stimulation of
Vestibular Endorgans by Pulsed Infrared Radiation: Vertical Semicircular Canals Vs Otolith Organs
Vestibular: Basic Research & Clinical
Darrian Rice*1, Suhrud Rajguru1, Gay Holstein2, Giorgio Martinelli2
1
University of Miami, 2Icahn School of Medicine at Mount Sinai
Background
The present study investigated the role of individual vestibular endorgans in evoking significant changes in
blood pressure (BP) and heart rate (HR) via the activation of the vestibulo-sympathetic reflex (VSR), which
plays an active role in adjusting and maintaining adequate blood flow to the brain during changes in head
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position and posture. Previous VSR studies attribute evoked responses primarily to otolith organ stimulation
and while the role of vertical semicircular canals has been hypothesized, their respective contributions to the
VSR remain to be characterized as conventional techniques may not sufficiently resolve the specific
contributions of individual endorgans.
Methods
We developed an approach to target the endorgans using pulsed infrared radiation (IR, wavelength=1863nm,
200us, 250pps, varied radiant exposure) which was applied via an optical fiber focally to the posterior
semicircular canal (PC) or anterior semicircular canal (AC) ampulla, and the utricle macula in a rodent model.
The changes in BP and HR were collected continuously via a small animal single pressure implantable device
(DSI pressure sensing technologies) inserted into the femoral artery prior to stimulation. Characteristic eye
movements measured with a video-oculography system (ISCAN), post-mortem microcomputed-tomography
and immunohistochemistry were used to confirm the sites of stimulation.
Results Sinusoidal IR (0.05 Hz) delivered unilaterally to both the PC and AC induced drops in BP (4.44 ±
2.96 and 2.00 ± 1.35 mmHg respectively) and HR (17.45 ± 13.07 and 8.06 ± 6.52 bpm respectively), followed
by sinusoidal modulation. Additionally, heart rate variability analysis indicates that pulsed IR of PC primarily
activates sympathetic nervous system resulting in the observed changes. These results together suggest that
the vertical canals play an active role in regulating BP and HR upon activation of the VSR. However,
investigation of the effects of pulsed IR unilaterally on the utricular maculae failed to evoke similar
cardiovascular changes. To further investigate the role the otolith organs play in VSR activation, we have
developed an approach to bilaterally stimulate utricular maculae with pulsed IR.
Conclusions
Previous studies have shown that sinusoidal galvanic vestibular stimulation delivered binaurally evoked
decreases in both BP and HR. We hypothesize that simultaneous stimulation of both utricles by pulsed IR will
evoke similar responses. Additionally, using multi-point IR stimuli and histological assessment, we will
identify contribution of functional and morphological differences between hair cell subtypes and regions of
the utricular macula to the VSR.
Funding NIH NIDCD 1R01DC008846 (GRH) and 1R01DC013798 (SMR)
T118. Loss of Calcitonin-Gene Related Peptide (CGRP) on Both Static and Dynamic Balance Control
During Aging
Vestibular: Basic Research & Clinical
Shafaqat Rahman*1, Catherine Hauser1, Anne Luebke1
1
University of Rochester
Background
Aging impacts the vestibular system, contributing to balance problems and an increased risk of falls in older
adults. Aging patients have difficulty suppressing incongruent brain signals when maintaining balance in both
static and dynamic conditions, and so we wondered if an additional stressor, such as a vestibular challenge,
would effect aging mouse models similarly. We were also interested in whether the loss of a vestibular
efferent neurotransmitter, calcitonin-gene related peptide (CGRP), would have a compounding effect on the
aging vestibular system, namely its effect on both static and dynamic postural/balance control.
Methods
We assessed the animal’s ability to the extent of postural sway (static) and to stay on the rotarod (dynamic).
The analysis of postural sway or Center of Pressure (CoP) testing was performed using an AMTI force plate
and measured forces on the platform with measurements repeated ~10 times/mouse. We also obtained CoP
measurements after a brief 5 min (125 rpm) vestibular challenge (VC) and repeated the testing. A 95%
confidence ellipse that enclosed 95% of the CoP trajectory values recorded in a single trial was determined
with the area of the ellipse used to indicate the amount of sway exhibited by a mouse on a particular trial. The
analysis of rotarod testing was performed using standard methods except that in rotarod testing, we used a
larger rat-sized dowel to facilitate walking and not gripping. Briefly, after training, each mouse was tested
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three times for its ability to stay on the rotating rod when rotation was ramped from 5-44 rpm, and like sway,
we also obtained rotarod measurements after a 30-sec VC. The maximum latency to fall values were used
for both the pre-VC and post-VC tests. To date, we have assessed ~ 20 mice (10 F/10M) in each group
[CGRP (-/-) and CGRP (+/+)] at 2.3-6 months of age, equivalent to human ages 20-30; and >6 month- 10
months, equivalent to human ages of 40-50 years old; and have begun to assess older groups (>10 months-15
months, equivalent to 50+-70 years).
Results
MANOVAs show that aging (*p-value < 0.05, F (1, 89) = 4.32) and CGRP loss (****p-value <0.0001, F
(1,89) = 27.52) contribute to rotarod deficits. MANOVAs of postural sway CoP values after VC, shows that
sex (**p-value <0.01, F(1,70) = 9.204) and CGRP loss (*p=value < 0.05, F(1,70) = 4.930) also contribute to
significant changes in sway that are not obvious before the VC.
Conclusions
We conclude that aging, a vestibular challenge (VC), and CGRP loss contribute to deficits in both static and
dynamic balance control. This work was supported by NIH-NIDCD grant R01DC017261.
T119. Imaging-Based Prediction of Progression to Bilateral Meniere’s Disease
Vestibular: Basic Research & Clinical
David Bächinger*1, Bernhard Schuknecht2, Andreas H. Eckhard1
1
University Hospital Zurich, 2Medical Radiological Institute MRI
Background
Meniere’s disease (MD) progresses from uni- to bilateral disease, due to unknown precipitating factors, in up
to 50% of patients. Recently, we identified a group of MD patients with a high prevalence of bilateral disease
(29 %), as well as – as a hallmark inner ear pathology – developmental hypoplasia of the endolymphatic sac
(ES hypoplasia). Pathophysiological analyses suggest ES hypoplasia to be a critical predisposing factor for
MD. Here, we use a radiological marker that indicates the presence or absence of ES hypoplasia in the
contralateral (clinically non-affected) inner ear to predict bilateral disease progression in individual MD-hp
patients.
Methods
We prospectively include patients with unilateral MD and radiological evidence for endolymphatic sac (ES)
hypoplasia in either (i) only the clinically affected inner ear (cohort MD_uni-hp_uni) or (ii) in both inner ears
(cohort MD_uni-hp_bi). Eventual progression to bilateral disease is assessed via prospective follow-up visits,
audiometry, and inner ear imaging. Preliminary results of this ongoing study are reported. Furthermore, in
another 44 MD patients (14 = MD_uni-hp_uni; 30 = MD_uni-hp_bi) that were followed over a 1 – 30 years
period, we retrospectively correlated radiological data on the presence or absence of ES hypoplasia with
clinical disease laterality.
Results
Until October 2020, a total of 19 patients with unilateral MD were included in the MD_uni-hp_uni (n = 13)
and MD_uni-hp_bi (n = 6) cohorts. Current follow-up periods range from 2 – 30 years from the time point of
first (unilateral) MD diagnosis. In line with our hypothesis, so far no evidence for bilateral disease progression
was found in MD_uni-hp_uni patients, while one MD_uni-hp_bi patient progressed to bilateral MD.
Retrospective analysis, accordingly, showed progression to bilateral MD in none (0 %) of the MD_uni-hp_uni
patients and in all (100 %) MD_uni-hp_bi patients with a median time of 12 years from uni- to bilateral disease
diagnosis.
Conclusions
(1) Preliminary data support the predictive validity of radiological ES hypoplasia for future disease bilaterality.
(2) This imaging marker may identify up to 91 % of all MD patients at risk for future bilateral disease (own
previous and current data show 91 % of all bilateral MD cases belong to the MD-hp group). (3) Predicting the
disease laterality in individual patients will likely allow to provide a prognosis on the to expected disease
impact on hearing and balance functions, and will help to personalize treatment regimens, e.g. considering or
not vestibular ablative therapies.
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T120. A Mouse Model of Concussion-Induced Vestibular Deficits
Vestibular: Basic Research & Clinical
Wu Zhou*1, Jun Huang1, Tianwen Chen1, Bradley Clifton1, J'undra N. Pegues1, Youguo Xu1, Jerome Allison1,
Bradley Walters1, Hong Zhu1
1
University of Mississippi Medical Center
Background
Concussions are a common occurrence in sports. For example, high school athletes suffer thousands of
concussions every year, most often in football, ice hockey, and soccer. The accelerations and decelerations of
the head during concussions not only impact the central nervous system, but also the vestibular end organs
inside of the bony labyrinth. Indeed, 81% of concussion victims report vestibular symptoms, such as dizziness,
imbalance and vertigo. However, few studies have addressed the mechanisms underlying concussion-induced
vestibular deficits, representing a critical knowledge gap in developing effective prevention, diagnosis and
treatment programs of vestibular deficits in concussion victims. The present study used a closed head impact
model of engineered rotational acceleration (CHIMERA) to generate consistent, repeatable concussions in
mice and characterized the vestibular deficits using morphological, behavioral and neurophysiological
biomarkers.
Methods
Mice (C57BL/6J) were anesthetized using isoflurane and then given a single concussion (Hit 1x condition) at
an intensity of 0.52J or three repetitive concussions (Hit 3x condition) over three days at the intensity above.
The canal function was assessed by measuring steady state (0.2-4 Hz) and transient vestibulo-ocular reflex
(VORs) to head rotation at five time points (1 day, 5 days, 8 days, 2 weeks and 4 weeks) post the last
concussion. The otolith function was assessed by measuring static tilt response and steady state responses to
translation (0.2-2 Hz). In addition to the VORs, we also measured vestibular afferent spontaneous firing rates,
coefficient of variation (CV) and sensitivities to head rotation and translation. For the morphological study,
the vestibular end organs were dissected and stained with fluorescence-conjugated phalloidin and Myo7a
antibodies. Whole mounts of cristae and maculae were examined with a confocal laser scanning microscope.
Results
Preliminary analysis revealed that repeated concussions reduced stereocilia density and hair cell density
between 25 – 50 % in the central region of the horizontal canal cristae. The reductions were observed 1 day
post the last concussion and lasted up to 4 weeks. Second, we found that the repeated concussions caused
substantial reductions in the gains of the VORs, which lasted over two weeks. Third, we found that the
repeated concussions significantly reduced spontaneous firing rates of vestibular afferents, increased the
irregularity of spontaneous firing, and decreased sensitivities to head rotation.
Conclusions
These experiments validated the mouse model of concussion-induced vestibular deficits, which will allow for
investigations into molecular mechanisms of concussion induced vestibular dysfunction and may provide
valuable biomarkers for the assessment of neurological function of concussion victims and developing
guidelines for their safe return to normal daily activities.
T121. The Timecourse and Neural Mechanisms of the Influence of Precursor Spectral Properties on
Speech Perception
Speech perception
Christian Stilp*1, Matthew Winn2
1
University of Louisville, 2University of Minnesota
Background
Acoustic properties of surrounding sounds influence how a speech sound is perceived. Spectral differences
between earlier (precursor) and later (target) sounds are perceptually magnified, which can change perception
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entirely from one speech sound to another. For example, when a context sentence is presented with
amplification of frequencies in the higher first formant (F1) region, the subsequent target vowel is perceived
as having relatively a lower-frequency F1, and vice versa. These spectral contrast effects (SCEs) have been
widely reported to influence perception of speech and non-speech sounds. In previous studies, SCEs
influenced speech perception across varying silent interstimulus interval (ISI) durations between precursor
and target sounds, with contrast effect magnitudes decaying with longer ISI. The present experiment further
explores the time course of SCEs using modified natural speech and data-driven design of contextual spectral
properties. Additionally, we present preliminary neural modeling to explain results within a biological
framework.
Methods
Normal-hearing listeners labeled consonants from a 10-step continuum ranging from /ɡɑ/ to /dɑ/, acoustically
varying in F3 onset frequency. Targets were preceded by a precursor sentence filtered with +5- or +20-dB
amplification of /ɡɑ/-like low-F3 frequencies (1700-2700 Hz), or /dɑ/-like high-F3 frequencies (2700-3700
Hz). Silent ISIs of 50, 150, 450, 1350 ms separated the context sentence from the target syllable. Listeners
indicated whether the target syllable sounded more like “dɑ” or “ɡɑ”. We measured how the precursor’s
spectrum influenced perception of the ɡɑ-dɑ distinction, and how that influence changed with increasing silent
time between precursor and target. The Zilany et al. (2014) auditory nerve model implemented in UR EAR
(Farhadi & Carney, 2019) estimated changes in auditory nerve firing rates among high-spontaneous-rate
fibers.
Results
Listeners perceived low-F3-onset “ɡɑ” more often following sentences with amplified /dɑ/-like high-F3
frequencies and vice versa, demonstrating SCEs. SCE magnitudes decreased systematically with longer silent
intervals between precursor and target. The rate of decrease over time was steeper when frequencies in the
context sentence were amplified by +20 dB than by +5 dB. Auditory nerve modeling indicated that high-F3amplified contexts produced greater firing rates in lower-F3 nerves during the subsequent target consonant.
In other words, amplification of contrastive frequencies in the context led to stronger neural response to the
target sound compared to amplification of the same frequencies in the context as the target sound. This is
consistent with the mechanism proposed to produce SCEs (low-level neural adaptation) and the direction of
behavioral responses (more low-F3 responses following high-F3-amplified contexts).
Conclusions
Preceding spectral content influences perception of subsequent speech. This effect decays over time, with
decay rate directly related to overall effect magnitude. Neural simulations are suggestive of peripheral
adaptation producing an early genesis for spectral context effects that influence perception of speech sounds.
T122. Effect of Simple Visual Input on Theta Syllable Parsing
Speech perception
Anirudh Kulkarni*1, Tobias Reichenbach1
1
Imperial College London
Background
Seeing a speaker, particularly their lips, can significantly help to understand speech in noise. Such audiovisual
speech comprehension probably occurs through visual stimuli modulating the local field potential (LFP) in
the primary auditory cortex (A1), for instance through suppression of activity in A1 [2]. Visual input may
also influence low-frequency oscillations in A1, for instance the oscillatory activity in the theta range that has
recently been linked to syllable parsing. A computational model for speech processing has shown that theta
activity can indeed allow to parse a speech signal into individual syllables [3]. However, how visual input
may support such parsing remains unclear. Here we employ a computational model of a spiking neural
network to investigate this issue.
Methods
We extend a recently proposed spiking neural network for speech processing [3]. Two modules of coupled
excitatory and inhibitory neurons generate LFP signals in the theta and gamma frequency ranges, respectively.
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The theta rhythm parses the sentence into syllables, and the syllable identity can be decoded from the neural
activity in the gamma band. We incorporated a simple visual input current to the theta network module that
consisted of pulses located at the syllable boundaries, shifted with respect to the audio signal by different
delays. We then presented the network with 100 sentences mixed with a speech-shaped noise signal at an SNR
of 0 dB and computed the syllable parsing scores under the different visual input conditions.
Results
We found that a visual input in form of excitatory or inhibitory pulses applied to the excitatory neurons
changed the syllable parsing score. Depending on the delay between the pulses and the corresponding syllable
onsets, the parsing was either improved or worsened. The modulation of the parsing score through the current
decreased for smaller applied currents. In contrast, applying such a visual input to the inhibitory neurons did
not significantly change the parsing score.
When an inhibitory pulse current was added to the network, there was a significant improvement in the mean
parsing score when it preceded the syllabic onset by about 110ms. An excitatory pulse current coincident with
the syllabic onset significantly improved the parsing score as well.
Conclusions
Our model and the obtained results shed light on the mechanisms by which audiovisual speech processing
might work. This model can be further expanded to incorporate models of visual cortex which may generate
more complex output currents corresponding to a given visual scene. Furthermore, neuronal characteristics
such as firing rates, power spectrum and the phase resets can be compared with the experimental data to
understand further the mechanisms that operate regarding visual influence in the auditory cortex.
T123. Separating Effects of Chimeric Novelty From Signal Manipulation in Lexical-Tone Chimeras:
Behavioral and Electrophysiological Evidences
Speech perception
Fuh-Cherng Jeng*1, Breanna Hart1, Ching-Hua Chen2, Chia-Der Lin2, Hui-Chi Tien3
1
Ohio University, 2China Medical University Hospital, 3Asia University
Background
Previous research has shown the novelty of lexical-tone chimeras for native speakers. However, the source of
such novelty remains unclear. The goal of this study was to separate the effects of chimeric novelty from those
of signal manipulations that were necessary when creating lexical-tone chimeras.
Methods
Two sets of chimeric stimuli (env4-fts2 and env4-fts4 chimeras) were constructed by interchanging the
envelope of a falling /yi4/ Mandarin tone and the fine structure of a rising /yi2/ Mandarin tone (i.e., the env4fts2 chimeras), as well as interchanging the envelope of a falling /yi4/ Mandarin tone and the fine structure of
the same /yi4/ stimulus itself (i.e., the env4-fts4 chimeras). Any differences observed between the env4-fts2
chimeras and the original /yi4/ stimulus would contain both the chimeric novelty and signal manipulation
effects. Any differences observed between the env4-fts2 and env4-fts4 chimeras would contain only the
chimeric novelty effects, whereas any differences observed between the env4-fts4 chimeras and the original
/yi4/ stimulus would contain only the signal manipulation effects. Lexical-tone chimeras were created through
1, 2, 3, 4, 6, 8, 16, 32, and 64 filter banks. Behavioral pitch-perception tasks were conducted through a twoalternative, forced-choice paradigm. Electrophysiological measurements were obtained through scalprecorded frequency-following responses (FFRs).
Results
For behavioral tasks, two-way analysis of variances (ANOVA) showed statistical significances (p < 0.05)
within and across the filter bank (1, 2, 3, 4, 6, 8, 16, 32, and 64 filter banks) and effect type (chimeric novelty,
signal manipulation, or both) factors for the participants’ reaction times. For electrophysiological
measurements, one-way ANOVA demonstrated statistical significances (p < 0.05) for the effect type factor.
Post hoc Greenhouse-Geisser procedures revealed that the differences in the participants’ reaction times, as
well as the differences in the FFR measurements, were determined by the chimeric novelty effects, instead of
the signal manipulation effects.
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Conclusions
Differences observed in the behavioral and electrophysiological responses to lexical-tone chimeras are caused
mainly by the chimeric novelty effects. These findings can be useful in evaluating neuroplasticity and
enhancing the performance of hearing aids and implantable hearing devices.
T124. Speech-in-Noise Comprehension is Improved When Viewing a Deep-Neural-NetworkGenerated Talking Face
Speech perception
Tong Shan*1, Ross Maddox1
1
University of Rochester
Background
Hearing in a noisy environment with only acoustical components is challenging, but many previous studies
have demonstrated that comprehension of speech can be substantially improved by looking at talker’s face.
However, faces are often not available to the listeners (e.g., while talking on the phone or listening to the
radio). In such cases, a system that automatically generates talking faces from speech could potentially aid
comprehension both for normal hearing and people with hearing loss. In this study, a deep neural network
(DNN) based model that generates movies of talking face from purely acoustical signal and any single face
image was implemented to investigate the benefits that such a system could bring, especially in noisy
environments.
Methods
Sentences from the audio-visual open-set STeVi corpus were used, containing four native English speakers
saying utterances with keywords. The target sentences were masked with two streams of audiobooks with
SNRs of -6, -3, 0 and 3 dB. A DNN-based model was used to generate the talking faces from the corpus audio
and a single image of that speaker.
Three stimulus conditions were presented: 1) Audio-only: audio with a static face image to cue talker identity;
2) Model-generated: audio with model-generated talking face movie; 3) Original AV: audio with original
movie from the corpus.
Eleven normal hearing adults with English as their primary language were recruited. They were asked to type
in the sentences they heard in each condition described above. Performance was scored manually and
represented as the percent of correct (PoC) of the keywords reported for each utterance.
Results
Both the original AV and model-generated condition significantly outperformed audio-only in all SNRs.
Although not as good as the original AV, the performance in the model-generated condition closed half of the
gap between audio-only and original AV in SNR of -6, -3, and 0 dB. Mean performance at the lowest SNR
was 23%, 44%, and 65% for audio-only, model-generated, and AV conditions respectively. A regression
showed that in the range of SNRs tested, the performance was linearly related to SNR, with significantly
different intercepts for each condition.
Conclusions
The DNN- based model that generates a talking face from audio could benefit speech comprehension
significantly. The system also demonstrates a transformation from purely acoustical signals into another
sensory domain, in a way that benefits understanding. We found that the benefit is larger in noisy
environments, which suggests a potential for use as a “visual hearing aid” when the true face is not available,
especially since the system was designed to run in real time. However, there is still room for improving with
the eventual goal to match the performance of the original AV condition.
T125. Effects of Masker Modulation Spectra and Fine Structure on Consonant Confusions
Speech perception
Vibha Viswanathan*1, Barbara Shinn-Cunningham2, Michael Heinz1
1
Purdue University, 2Carnegie Mellon University
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Background
Prominent theories of speech intelligibility in noise suggest that envelope cues and modulation masking play
a dominant role in determining perception. Psychophysical tests of this hypothesis have largely relied on
examining speech intelligibility in various conditions. This hypothesis can be independently tested by
examining how confusion patterns change as envelope and fine-structure information is manipulated. Here,
we hypothesized that (i) the nature of confusions will be different for maskers with different modulation
spectra (after normalizing intelligibility) due to variations in modulation masking, and (ii) the nature of
confusions will be the same for intact and envelope-vocoded speech in four-talker babble (after normalizing
intelligibility) as those conditions correspond to similar masker modulation spectra.
Methods
Online subjects from Prolific.co performed a psychophysical consonant identification task in background
noise. Subjects were 18-55 years of age, native speakers of North American English, self-reported not having
any hearing loss, and passed a headphone/earphone check and speech-in-noise-based hearing screening (Mok
et al., 179th meeting of ASA, 2020). The target speech material consisted of spoken CV (consonant-vowel)
syllables from the STeVI corpus (Sensimetrics corporation). The consonant in each CV syllable was drawn
from the following set of 20 consonants: /b/, /tʃ/, /d/, /ð/, /f/, /g/, /dʒ/, /k/, /l/, /m/, /n/, /p/, /r/, /s/, /ʃ/, /t/, /θ/, /v/,
/z/, and /ʒ/, while the vowel was always /a/. The CV utterances were embedded in the carrier phrase: “You
will mark /CV/ please" (i.e. in natural running speech). Three distinct spectrally matched maskers with
different modulation spectra were used: stationary noise, four-talker babble, and a purely energetic masker
(Stone et al., J. Acoust. Soc. Am., 2012). Stationary noise contains greater high-frequency modulations, fourtalker babble contains greater low-frequency modulations, and the energetic masker of Stone et al. (2012) has
essentially no modulations. Each subject performed five conditions: speech in quiet, speech in stationary noise,
speech in four-talker babble, speech in the Stone et al. (2012) masker, and 64-channel envelope-vocoded
speech in four-talker babble. The presentation order was randomized across consonants and conditions. During
data analysis, outlier subjects whose intelligibility scores were less than 85% for speech in quiet were excluded
from the study. Non-parametric shuffling-based permutation testing with corrections for multiple comparisons
was conducted to test the two hypotheses.
Results
Preliminary results show that the confusion patterns depend on the masker modulation spectrum.
Conclusions
Further analyses will examine how confusion patterns differ between the intact and vocoded speech-in-babble
conditions. In addition, computational auditory-nerve models will be used to evaluate differences in internal
modulation coding after cochlear processing.
Funding provided by grants NIH F31DC017381 (Viswanathan), NIH R01DC009838 (Heinz), and NIH
R01DC015988 (Shinn-Cunningham).
T126. Gender Categorization by Early-Deafened Late-Implanted Differs From That of Typical
Cochlear-Implant Users
Speech perception
Christina Fuller*1, Rolien Free2, Etienne Gaudrain3, Deniz Başkent2
1
University Medical Center Groningen, the Netherlands, 2University of Groningen, University Medical Center
Groningen, 3CNRS
Background
Voice identification, and therewith identification of a talker, is advantageous in daily life situations involving
multiple talkers. Voice identification and gender categorization have been shown to be different – and
generally more difficult — for cochlear implant (CI) users compared to normal hearing listeners. This study
compares the perception of voice characteristics and the categorization of the gender of a talker between two
groups of CI users: early-deafened, late-implanted (EDLI) CI users and postlingually deafened and implanted,
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typical CI users. EDLI CI users might have an extra deficiency for voice identification because they are
deafened at an early age and only implanted after a long period of auditory deprivation.
Methods
Eighteen EDLI CI users and eighteen post-lingually deafened control CI users were included. Two outcome
measures were collected: 1) the just-noticeable-differences for two voice characteristics: the fundamental
frequency (F0), which is related to the glottal pulse rate of the vocal chords, and the vocal-tract length (VTL),
which is related to the size of the speaker; 2) parametric vocal gender categorization as a function of F0 and
VTL, systematically manipulated on the same talker.
Results
The average F0 and VTL JNDs were 9.0 st and 9.7 st, respectively, for the EDLI CI users, in comparison to
7.9 st and 6.9 st for the control CI group. The small difference in average JNDs between the two groups was
not significant. For gender categorization a group effect (EDLI participants seemed biased towards male
voices), as well as a significant difference for use of F0 and VTL cues was shown (EDLI participants relied
less on F0, relative to VTL, than the control group).
Conclusions
The categorization of gender was shown to be different between the two groups of CI users. This difference,
however, cannot be traced back to a different perception of F0 and VTL, since the JNDs were not significantly
different between the two groups. This potentially indicates that while the two groups have comparable voice
discrimination abilities, the EDLI group’s lack of exposure to F0 and VTL differences at an earlier age may
have affected their ability to associate those differences with gender. In turn, these results have interesting
implications for the postlingually deafened CI users: although this group was shown to rely only on F0 for
gender categorization, the present results suggest that this association between F0 and gender originates from
acoustic exposure preceding deafness. In other words, this indicates that the percept yielded by F0 in this
group is still similar enough to the acoustic analog to be used as a cue for gender.
T127. The Lateral Membrane Cytoskeleton Interface of Outer Hair Cells is Soft and Exhibits a Weak
Bond
Hair Cells: Anatomy & Physiology
Benjamin L. Skidmore1, Brenda Farrell*1
1
Baylor College of Medicine
Background
The somatic stiffness of outer hair cells facilitates the transmission of an acoustically evoked force within the
cochlear partition. This stiffness is governed in part by the ultra-structure of the tri-laminate lateral wall of the
cell that includes the plasma membrane, the subsurface cisternae membranes, and the cortical lattice. The
lattice is composed of circumferential F-actin rings that are cross-linked axially by α2βV spectrin tetramer
with protein 4.1 and adducin, also bound to the cytoskeleton. The lattice binds to the lateral cisternae
membrane via actin-binding proteins and the plasma membrane via the putative pillar linkages. The molecular
identity and characteristics of the linkages are unknown. To rectify this gap in knowledge we measure the
force and time course to rupture the plasma membrane-cortical lattice bond(s), and the subsequent force to
form a membrane nanotube from the lateral membrane of an outer hair cell.
Methods
We use an optically trapped bead coated with wheat germ agglutinin as both a Hookian spring and a handle
and calculated the force from the product of the stiffness and bead displacement within the linear region of
the trap. This force was monitored as the lateral membrane region of the cell was guided to bind to a trapped
bead, and in response to a tensile load when the lateral membrane of the cell was slowly pulled away (ν: 500
nm/s) from the center of the trap by use of a 3-D piezo stage. To minimize disruption of the interface, we
ensured the compressive force between the bead and lateral membrane was small (~2 pN).
Results
Typically, we observed a significant lag in the rise of the force upon application of a mean tensile loading rate
(57 pN/s). This lag exhibits an exponential distribution with a time constant of 1.3 s. After the delay, the force
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then increased linearly to an elastic limit of 21 pN (80%) and 63 pN (20%) and then slowed, reaching a plateau
value also with two distributions of 27 pN (70%) and 75 pN (30%) with a lifetime of 0.5 s. Observation of a
steady-state plateau force indicates nanotube formation. The elastic loading rate that reflects the effective
stiffness of the interfacial bonds was up to eight times slower than the applied loading rate. Usually, the
experiment terminated by the membrane-bead linkage breaking, but in some cases, long nanotubes relaxed to
a mean stationary force of 27 pN.
Conclusions
The results provide evidence that the interface is soft, which supports the contention that linkages may be
sparse or labile. We suggest that the viscoelastic characteristics of tetrameric spectrin dominate and buffer the
interface. This ability to buffer force is advantageous to a cell that participates in frequent mechanical
collisions.
T128. Differences in Grey and White Matter Microstructure Between Hearing and Deaf Cats Using
Diffusion Tensor Imaging
Plasticity, Learning, & Adaptation to Hearing Impairment
Alessandra Sacco*1, Stephen Gordon1, Stephen Lomber1
1
McGill University
Background
Following sensory deprivation such as deafness, sensory-specific brain areas will adapt and reorganize to
optimize processing in a novel environment, relying more heavily on intact modalities - a phenomenon known
as compensatory plasticity. This refers to the brain’s ability to compensate for loss of input by enhanced
processing of one of the remaining senses. For instance, upon visual deprivation, higher order visual areas
adapt to process tactile stimuli, providing enhanced somatosensory abilities to these visually deprived
individuals. Considering the consequence of plasticity following visual deprivation, what changes occur
throughout the brain following auditory deprivation? Previous studies have explored consequences following
auditory deprivation, demonstrating cases of compensatory plasticity in the auditory pathway that result in
enhanced visual abilities, such as superior visual localization or motion detection. These studies utilized
various techniques including behavioural paradigms, electrophysiology or imaging protocols. However,
another advantageous method that can be employed for researching sensory deprivation changes is diffusion
tensor imaging (DTI), which reveals differences in cerebral water diffusion. Although DTI has been used to
study deafness alterations in humans, no study has explored differences in cerebral water diffusion within the
cat – an animal model which is well studied for auditory processing and disorders. Therefore, the purpose of
the present study was to extend microstructural investigations to animal models of deafness and is the first to
investigate microstructural differences between hearing (n=27) and deaf cats (n=19) via DTI.
Methods
Diffusivity scalars including fractional anisotropy (FA) and mean (MD), axial (AD) and radial diffusivity
(RD) were compared within 155 grey and 21 white matter regions.
Results
Results indicate structural plasticity in various regions throughout the deaf brain in both tissues, as noted by
either an increase or decrease in one or more scalar values. As a general pattern, regions with significant scalar
differences demonstrated an increased AD, RD and/or MD value in deaf felines compared to hearing, with
substantially more white matter tracts affected than grey matter regions. In grey matter, both the perirhinal
cortex and frontalis agranularis exhibited increased AD in the deaf compared to hearing, and this change was
attributed to a possible alteration in cerebral microcirculation. In white matter, numerous tracts show a
significant difference between groups affecting AD, MD and RD, including the corpus callosum, superior
longitudinal fasciculus, and more. A possible explanation for these scalar increases varied according to the
function and connectivity of the tract, however a general reasoning for increased AD, MD and RD could be a
decrease in axonal density.
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Conclusions
Overall, group differences in diffusivity scalars demonstrate that early deafness incites alterations throughout
the brain well beyond auditory cortex.
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Podium 28: "Gene Expression, Regulation and Inner Ear
Therapeutics"
Moderators: Dr. Ronna Hertzano and Dr. Zubair M. Ahmed
Category: Genetics A: Genomics and Gene Regulation, Genetics B: General
PD 28.1 Adult Cochlear Hair Cell Transcriptional Diversity Revealed With Single-Cell RNA
Sequencing
Giovanni Diaz
Stanford University School of Medicine
Background
The paucity of cells and difficulty associated with accessing viable mature cochlear cells embedded in dense
bone, have limited molecular and biochemical studies in the mammalian cochlea. Single-cell RNA sequencing
and computational data analysis has helped to alleviate some of these limitations. These technological
advances are accompanied by the availability of transgenic reporter mice and cell sorting methods to isolate
viable individual cells from the mature cochlea. Here, we present differential gene expression analysis of
single-cell RNA-Seq data of flow cytometrically isolated mature cochlear hair cells. Our results suggest the
existence of two hair cell (HC) states and provide validation of our bioinformatic predictions, via in situ
hybridization.
Methods
Single-cell RNAseq was performed on post-natal day 28 (P28) hair cells isolated with fluorescently activated
cell sorting (FACS). We utilized transgenic Myosin15aCre/Ai14-tdTomato mice that express red fluorescent
tdTomato within hair cells. Data was aligned and annotated using STAR and RSEM algorithms and analyzed
in the R programming language. RNA in situ hybridization was conducted via Hybridization chain reaction
(HCR) methodology.
Results
Our bioinformatic analysis revealed distinct groups of 418 inner hair cells (IHC), 22 outer hair cells (OHC),
and contaminant cells. Three subpopulations of IHCs were identified. One population is suggestive of a
physiologically active state and another is indicative of a recovery hair cell state, while the third was
determined to be either compromised or dying IHCs. Differential gene expression analysis allowed us to
identify distinct marker genes that are associated with each group of cells. In situ hybridization validated the
differentially expressed genes between subpopulations of IHC and OHC in whole-mount P28 cochlea
preparations.
Conclusions
Our results confirm and extend a recent single-cell RNAseq study from hand-picked HCs (Ranum et al., 2019).
Quantitative HCR is being used to support our computational result of two distinct hair cell states. Specifically,
we hypothesize that the two proposed states of active and recovering HCs can be identified in situ using
mRNA quantification in individual neighboring HCs. We further compared the expression profiles of
mammalian cochlear hair cell genes with avian cochlear hair cell genes, and conclude that despite some
overlap, there is a surprising divergence of gene expression profiles. Evolutionarily, this observation supports
the notion that the mammalian organ of Corti and the avian basilar papilla are not necessarily homologous
organs. The presented work increases our understanding of the transcriptomic landscape of mature auditory
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hair cells; it provides new candidate genes for hearing disorders and has the potential to identify new molecular
targets to be used for diagnostic and therapeutic strategies.

PD 28.2 Combined RNA-Seq and ATAC-Seq of Developing IHCs vs OHCs Reveals Differential Open
Chromatin, mRNA Splicing, Transcription Start and a Novel Promoter
Chuan Zhi Foo
Northwestern University
Background
We previously found that nascent IHCs and OHCs express differential transcriptomes and that these are
transient, as most of the differentially expressed genes in this early stage are no longer expressed in the mature
cells (Wiwatpanit et. al., 2018). We wondered whether these transient differences in mRNA expression were
due to differences at the chromatin level or whether they resulted from different transcriptional regulators
acting on equally accessible promoters and enhancers. We also wondered whether, in addition to differing in
the levels of mRNA expression, developing IHCs and OHCs also differed in mRNA splicing and use of
alternative promoters.
Methods
We separately collected neonatal IHCs and OHCs by FACS as previously done for RNAseq but instead
extracted their DNA for ATACseq. Libraries (3 per hair cell type) were sequenced using the Illumina NextSeq
500 with 40bp paired end reads at a depth of 50-100 million reads. We aligned the reads to the genome using
Bowtie2 and viewed the alignments using IGV. RNA-Seq previously obtained from separate neonatal IHCs
and OHCs (100bp paired end reads) was aligned to the genome using STAR, isoform level quantified with
RSEM and EBSeq, and analysed for differential splicing using rMATS.
Results
ATACseq revealed numerous differences in open chromatin between IHCs and OHCs: 294 proximal elements
(PEs; promoters, centered on the Transcription Start Sites) were preferentially accessible (“open”) in IHCs
and 103 in OHCs, in addition to 3,889 distal elements (presumed enhancers) in IHCs and 1,777 in OHCs.
Promoters and enhancers display equally open chromatin for genes equally expressed in IHCs and OHCs
(such as Atoh1 and Pou4F3) but are differentially accessible for genes preferentially-expressed in IHCs
(Slc18a8/Vglut3 and Fgf8) or OHCs (Insm1 and Neurod6). Most of the differentially expressed genes
examined had either a differentially accessible promoter or a nearby element/enhancer. By comparing
ATACseq peaks of open chromatin with RNAseq sashimi plots we discovered putative novel promoters that
drive the expression of novel isoforms of several genes that have not been described elsewhere, an example
being Brip1 in the IHCs. And by further examining RNAseq for splice differences, we find that some genes
that are not expressed at different levels have differences in the relative abundance of specific isoforms, such
as Myo7A, whose isoform 1 is more abundant in IHCs than OHCs.
Conclusions
Our data reveals that the difference in expression levels of many genes between developing IHCs and OHCs
is likely due to the differential chromatin accessibility of their promoters and/or enhancers, and that alternative
splicing and promoter usage further distinguished the transcriptomes of these cells during their differentiation.
PD 28.3 Characterization of Rare Spindle and Root Cell Transcriptional Profiles in the Stria
Vascularis of the Adult Mouse Cochlea
Shoujun Gu
National Institute on Deafness and Other Communication Disorders, National Institutes of Health
Background
The stria vascularis (SV) in the cochlea plays a pivotal role in normal hearing by generating and maintaining
the endocochlear potential (EP). It is located on the lateral wall of the cochlear duct and consists of three main
layers, composed predominantly by marginal, intermediate and basal cells, as well as other rare cell types,
including spindle cells, macrophages, endothelial cells, and pericytes. We have previously characterized
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transcriptional profiles of the major cell types in the adult mouse SV by single-cell (sc) RNA-Seq and singlenucleus (sn) RNA-Seq. Despite our previous work, transcriptional profiles of rare SV cell types, specifically
SV spindle cells and root cells of the spiral prominence, remained poorly distinguished in our previous study.
Methods
In this study, we utilize two sample preservation methods, methanol fixation and RNAlater treatment, in
snRNA-Seq to characterize rare cell transcriptional profiles in the adult SV. Samples were sequenced using
the 10X Genomics Chromium platform, and reads were mapped to GRCm38 (mm10) mouse reference
genome. Downstream data analysis was performed using Scanpy (v1.4) single cell analysis platform.
Results
We distinguish spindle cells from root cells in the lateral wall of the cochlea and characterize their
transcriptional profiles. In particular, we identify novel spindle cell markers as well as potential spindle cellspecific gene regulatory networks. Datasets obtained with sample preservation methods demonstrate similar
transcriptional profiles of major SV cell types compared to previously published datasets.
Conclusions
By using sample preservation methods combined with snRNA-Seq, we define distinct transcriptional profiles
for rare SV spindle cells and root cells in the spiral prominence. These novel findings will provide new insights
for future work in SV-related hearing loss and hearing fluctuation.
PD 28.4 Formin Protein Fhod3 Depletion Leads to Hearing Loss and Disruption of Stereocilia
Structure in Mice
Bridget MacDonald
University of California, San Diego Medical Center
Background
Formin proteins play a critical role in regulating actin cytoskeleton dynamics. A meta-analysis GWAS
implicated the mammalian protein Fhod3, specifically, as a novel gene candidate in age-related hearing loss.
In our previous work, mouse models demonstrated that overexpression of Fhod3 in hair cells leads to
disruption of stereocilia structure and progressive, high frequency hearing loss. Here, we conversely examine
Fhod3 depletion in mouse hair cells to further understand its role in regulating stereocilia structure and
subsequent effects on hearing loss.
Methods
We generated a floxed Fhod3 allele in hair cells by breeding Math-1-cre expressing mice with Fhod3 loxPflanked (“floxed” or “fl”) mice. We compared knockouts (KO; fl/fl,Math1-cre+), heterozygotes (Het;
fl/+,Math1-cre+), and controls (+/+,Math1-cre+ or Math1-cre-) using auditory brainstem response (ABR)
thresholds and scanning electron microscope (SEM) imaging of the organ of Corti.
Results
In 6-week-old mice, ABR thresholds were higher for KOs (N=9) vs. controls (N=16) at 32kHz (50.1dB vs
33.2dB, p=0.04986). At 12 weeks, both KOs (N=8) and Hets (N=5) had higher ABR thresholds than controls
(N=13) at 24kHz (52.9dB, 55.0dB, vs. 33.8dB, p<0.01) and 32kHz (73.3dB, 82.4dB, vs. 39.5dB, p<0.01).
Similarly at 18 weeks, KOs (N=6) and Hets (N=4) showed higher ABR thresholds than controls (N=13) at
24kHz (53.8dB, 67.3dB, vs. 35.7dB, p<0.01) and 32kHz (80.8dB, 86.0dB, vs. 50.7dB, p<0.01). SEM imaging
of the organ of Corti from KOs reveals dysmorphic, fused stereocilia and loss of the shortest row of stereocilia
in the basal turn of the cochlea compared to controls.
Conclusions
Here, we build on our previous data to show that not only overexpression, but also full and partial depletion
(KO and Het) of Fhod3 leads to phenotypic hearing loss and hair cell stereocilia defects. Results suggest a
specific balance in the protein’s level of expression is critical for the normal structure and function of hair cell
stereocilia.
PD 28.5 Outcomes of AAV-Mediated Gjb2 Delivery to the Mouse Cochlea
Yehoash Raphael
The University of Michigan
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Background
Mutations in GJB2, which encodes connexin26 (Cx26), are the most common cause of autosomal recessive
severe-to-profound hereditary deafness. In mice, adeno-associated viral (AAV) vectors can transduce hair
cells and supporting cells, making them potential candidates for therapeutic interventions affecting gene
expression. Previous experiments have shown that AAV-mediated Gjb2 overexpression can restore gap
junction function in neonatal Gjb2 knockout mice, but phenotypic rescue of function has remained a challenge.
Here, we tested the effects of AAV vector mediated Gjb2 delivery to mature ears of mice in which Gjb2
depletion was induced either early in development or upon cochlear maturation.
Methods
We used Gjb2flox/flox controls or Sox10CreERT2;Gjb2flox/flox (Gjb2-cKO) animals in which tamoxifen
was injected to delete Gjb2 expression in supporting cells. AAV-hGJB2, with and without a Flag-tag, was
administered to the inner ear at P28 via the round window with posterior semicircular canal fenestration.
Auditory Brainstem Responses (ABRs) were measured 4 and 8 weeks later and then temporal bones were
assessed by immunofluorescence for Cx26/Flag and Myosin VIIa.
Results
Cx26-Flag protein was detected in multiple outer sulcus supporting cells, where Gjb2 is normally expressed,
and where the original Cx26 had been ablated after tamoxifen injection. Importantly, Gjb2 expression was
observed primarily in the cell membrane. Ectopic Cx26 was also detected in hair cells despite their lack of
gap junctions under normal conditions. Cx26 appeared to localize to the cell membrane of inner hair cells
(IHC) but was dispersed in the cytoplasm of outer hair cells (OHC). No OHC loss was observed, but many
IHCs were missing in ears injected with the vector. IHCs in the basal cochlear turn of contralateral (uninjected) ears also exhibited low level of Cx26; however, no IHCs were missing.
Conclusions
In Gjb2-cKO and Gjb2flox/flox mice, AAV-hGJB2 transduced supporting cells and successfully expressed
the human GJB2 protein. In addition, the transduction of IHCs and subsequent ectopic expression of hGJB2
resulted in partial IHC loss. To enhance the suitability of AAV gene transfer for treating Gjb2 deficiency in
mature ears, it may be desirable to reduce IHC ectopic expression or inhibit its translocation to the cell
membrane of IHC.
Supported by NIH-NIDCD grant R01-DC014456. We thank Leda Dimou for the Sox10CreERT2 mice.
PD 28.6 Restoration of Progressive Hearing Loss in Myosin Vi Dominant Mutation Mouse Model
Using CRISPR/Cas9 in Vivo
Yilai Shu
Eye & ENT Hospital, Shanghai Medical College, Fudan University
Background
About 60% of sensorineural hearing loss in neonates is caused by defects in individual genes. For genetic
deafness, the new, specific CRISPR/Cas9-based genome editing is an idea treatment to mediate targeted gene
therapy. We created a humanized knock-in mouse model to mimic the p.C442Y variant found in human
DFNA22 patients previously. Here we study whether adeno-associated virus (AAV) based Staphylococcus
aureus Cas9 (SaCas9-KKH) system could restore progressive hearing loss that caused by Myosin VI (Myo6)
p.C442Y mutant.
Methods
We screened and validated a sgRNA that specifically and efficiently edited the mutant allele in Myosin VI
(Myo6) p.C442Y mutant in vitro. We then performed hearing test, immunohistochemistry, SEM and
electrophysiology on the Myo6 mouse model in vivo after SaCas9-KKH allele-specific gene disruption.
Results
The hearing of Myo6WT/C442Y mice was improved up to six months post injection of AAV based-SaCas9KKH -sg2 agents. Auditory brainstem response thresholds (ABRs) was observed improved in injected ears
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than in uninjected ears. Meanwhile, the potency of wave I at 8 and 16kHz in the injected ears showed lower
than those in non-injected ears. In addition, higher cell survival rates, better hair bundle morphology, higher
calcium current (ICa) and higher membrane capacity (Cm) were also observed in injected ears rather than in
non-injected ears.
Conclusions
These findings suggest that AAV based SaCas9 allele-specific gene disruption system could represent a
potential therapeutic approach for human Myosin VI p.C442Y mutation.
PD 28.7 Gene Therapy to Treat Mouse Model of Human Recessive Deafness Caused by a TMPRSS3
Mutation
Corena Loeb
Harvard Medical School
Background
Expected to afflict every one-in-ten individuals by 2050, hearing loss poses physiological, emotional, social
and a growing worldwide annual economic toll. Although half of hearing loss cases are caused by genetic
factors, there remains no available treatment to reverse or prevent genetic deafness. In an effort to develop
AAV therapy for hearing loss, here we evaluate the efficacy of gene therapy to restore auditory function in a
TMPRSS3-mutant mouse model. TMPRSS3, a type II transmembrane serine protease, is necessary for normal
hearing and mutations in TMPRSS3 account for approximately 9% of autosomal recessive non-syndromic
deafness. TMPRSS3 mutations affect the function and survival of hair cells and spiral ganglion neurons, the
latter impacting the ability of TMPRSS3 patients to benefit from cochlear implants. As such, TMPRSS3
mutations account for an estimated 10% of cochlear implant failures.
Methods
To mimic post-lingual hearing loss in TMPRSS3 patients, we created a mouse model with the knock-in human
mutation Ala306->Thr (c.916G->A). In humans, this mutation results in hearing loss that does not manifest
until adulthood. Mice with the mutation develop delayed hearing loss starting at 12 months of age, making
the model a valuable tool for the study of later intervention. As AAV2 is widely used in clinical applications,
we constructed an AAV2-TMPRSS3 for inner ear delivery, injected via canalostomy into 12-month-old
Tmprss3 (c.916G->A) mice, then monitored hearing in the following months.
Results
We found significant hearing improvement in the injected inner ears compared to the contralateral uninjected
control ears as shown by reduction in ABR and DPOAE threshold shifts. Further, we detected significantly
larger wave 1 amplitudes in the treated inner ear, an indication of functional rescue of spiral ganglion neurons.
Analysis of the inner ear showed markedly improved hair cell survival in the injected vs. uninjected inner ear.
To evaluate translational potential of TMPRSS3 gene therapy, human iPSCs carrying the Tmprss3 (c.916G>A) mutation were differentiated into a neuronal phenotype. Treatment with AAV2-TMPRSS3 was able to
protect neuronal survival after repeated challenge with glutamate compared to untreated control cells.
Conclusions
This is the first time that later intervention at 12 months by AAV-mediated gene delivery rescued hearing in
a mouse model of human genetic hearing loss. Significantly, AAV delivery not only prevented continuous
hearing loss, but also temporarily restored hearing. AAV2-TMPRSS3 gene delivery is being developed into a
clinical program as treatment for patients with TMPRSS3 mutations who otherwise lack treatment options.
Evaluation of differentiated human iPSCs carrying the same mutation suggests that human cells may also be
rescued by TMPRSS3 gene therapy.
PD 28.8 Identification of Novel Bioreducible Lipid Nanoparticles for Efficient in Vivo Gene Editing in
Adult Cochlea
Mingqian Huang
Massachusetts Eye and Ear/Harvard Medical School
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Background
While CRISPR/Cas9 system can effectively modify DNA in vitro, efficient in vivo editing is the major
bottleneck preventing its applications in translational medicine. A number of methods have been developed
to deliver CRISPR/Cas9 into mouse inner ear to correct mutations causing genetic hearing loss. We have
shown that liposome-mediated ribonucleoprotein (RNP) delivery targeting hair cells in neonatal mouse
cochlea rescued hearing in Tmc1 mutant Beethoven mouse model. However, the same RNP approach failed
to edit the target gene in adult mouse cochlea. It is essential therefore to develop novel delivery vehicles
capable of targeting different cell subtypes in adult cochlea in vivo in order to apply gene editing-based therapy
in human.
Methods
We have used combinatory approach to synthesize a library of bioreducible lipid nanoparticles (LNPs) and
screened them in vitro and in vivo to identify formulations capable of adult inner ear delivery. We injected
LNPs mixed with Cre recombinase or GFP protein or mRNA into cochleae of adult Ai14 mice with tdTomato
(tdT) reporter via canalostomy or cochleostomy. The LNPs inducing tdT-positive cells in cochlea were
selected for in vivo delivery of Cas9 protein or mRNA mixed with the sgRNA targeting stop codons that
prevent tdT expression.
Results
We identified several LNPs that efficiently deliver Cre recombinase protein or mRNA into the non-sensory
cells on the Reissner’s membrane and basilar membrane via canalostomy through posterior semicircular canal
(PSCC). However, sensory cells including hair cells and supporting cells were not transfected. By switching
the injection route to cochleostomy so LNP/Cre or LNP/GFP mRNA or protein complexes were directly
injected into endolymph, we identified the LNPs capable of delivering mRNA and protein into major inner
ear cell subtypes in the sensory region, indicating that those LNPs cannot pass through the endolymphperilymph barrier. Surprisingly, the same LNPs, when tested with Cas9 mRNA/sgRNA, showed little editing
in the sensory region despite effective delivery of Cre mRNA and protein. Further screening identified
additional LNPs capable of delivering Cas9 mRNA with sgRNA leading to Cas9-mediated editing in the
supporting cells.
Conclusions
These results demonstrate the utility of LNPs in delivering diverse cargos (mRNA, protein and RNP) into
adult mammalian inner ear cell subtypes. It further illustrates that Cas9 mRNA/sgRNA delivery for efficient
editing is different from the delivery of molecules such as Cre mRNA. Combined we identified a number of
novel LNPs that target different cell types in sensory and non-sensory regions in adult cochlea in vivo. This
is an important step toward CRISPR/Cas9 treatment of genetic hearing loss in human.

10:00 a.m. - 12:00 p.m.
Podium 29: "Binaural and Spatial Hearing - Psychophysics,
Neurophysiology and Models"
Moderators: Dr. Yi Zhou and Dr. Jonas Klug
Category: Binaural Hearing & Sound Localization
PD 29.1 Binaural Detection as a Joint Function of Masker Bandwidth, Masker Interaural
Correlation, and Interaural Time Delay: Behavioral Data and Quantitative Modeling
Leslie Bernstein
University of Connecticut Health Center
Background
We recently published studies showing how a wide variety of binaural detection and discrimination data
obtained over decades and across laboratories (including ours) could be explained and accounted for
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quantitatively. The model employed incorporated a central stage of interaural correlation, coupled with stages
of peripheral auditory processing and included both peripheral and central internal noises. Predictions were
made from the outputs of the model by a decision variable implemented via a signal-detection theory analysis
that utilized interaural correlations of samples of noise-alone and signal-plus-noise. Here, we report new
empirical data showing how binaural detection is affected by joint variation of masker bandwidth, masker
interaural correlation, and common interaural time-delay (ITD) imposed on both masker and tonal signal. The
bulk of the data were obtained with stimuli centered at 500 Hz; additional data were obtained with stimuli
centered at 4 kHz.
Methods
We measured detection thresholds using 100-Hz- and 900-Hz-wide Gaussian noise maskers and tonal signals.
The masking configuration of primary interest was based on the standard NρSπ configuration where ρ
indicates the interaural correlation of the masker. An ITD, τ, is imposed on the entire NρSπ signal-plusmasker waveform to yield the configuration (NρSπ)τ. Note that when ρ = 1 and τ = 0, the configuration yields
NoSπ. For each bandwidth, (NρSπ)τ thresholds were measured as a joint function of masker ρ and the τ
imposed on the waveform. Values of ρ tested were 1.000, 0.992, 0.874, and 0.498. Values of τ tested were
0, 500, 1000, 2000, and 3000 µs. A second configuration, (NoSo)τ, consists of the standard NoSo
configuration but with the imposition of an ITD on the signal-plus-masker waveform. That configuration
provides no binaural cues for detecting the signal. It served as a control to assess whether the imposition of
an ITD, per se, affects detection.
Results
The data reflect that: 1) consistent with earlier findings, as masker ρ is decreased progressively from 1.0 to
0.498, threshold S/Ns increase; 2) as ρ is decreased, increasing the ITD (τ) from 0 to 3 ms yields progressively
smaller additional increases in threshold S/N. Our theoretical approach accounted for the entire set of data
while principally using values of model parameters found to predict successfully earlier data obtained in our
laboratory. Importantly, the new stimulus conditions were designed to produce controlled changes in the
nominal interaural correlations and sampling distributions of the stimuli as processed by the model. The latter
were used to form the model’s decision variable.
Conclusions
The success of the enterprise attests to the robustness of the approach and the generality of the model’s ability
to make accurate predictions of binaural performance. A manuscript reporting these results is, at this writing,
under review in JASA.
Support: ONR Award No. ONR N00014-18-1-2437
PD 29.2 Clarifying the Mechanisms of Binaural Masking Level Difference With Deep Learning
Samuel Smith
University of Nottingham
Background
The binaural masking level difference (BMLD) quantifies the improvement in the perceptual detection of a
signal in noise observed for different interaural configurations. Durlach (1963; JASA 1206-1218) derived
equations that accurately predict much of the human BMLD psychophysical data. However, disparities
between psychophysics-based theory and physiology findings have left the mechanisms underlying human
BMLDs somewhat ambiguous. We report here results from deep neural networks (DNNs), trained on
perception, bearing striking similarities to key physiology findings.
Methods
Random-phase pure tones were presented amongst randomly distributed broadband noise and simulated as
emanating from two random positions in a virtual azimuth coded by interaural time difference (between far
left and far right). We trained deep neural network variants (Iten et al., 2018; arXiv: 1807.10300) to predict
the values of BMLDs given by Durlach’s equations. Once trained, we examined the DNNs’ predictive
capabilities and crucially the emergent dynamics within the networks.
Results
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The DNNs accurately predicted BMLDs for randomly generated stimuli whose interaural time differences
were within or larger than the range plausibly produced by a human head. Despite being an extremely coarse
imitation of neurobiology, accurate prediction of BMLDs was accompanied by an emergence of dynamics
with broad similarities to physiology data: the DNNs learnt a sensitivity to interaural time differences with
response peaks at long delays, and their nodes produced rate-versus-level responses characterized by stimulus
synchronicities.
Conclusions
The simplicity of the stimuli, task paradigm, and modelling assumptions, promote the generality of the
observed network dynamics. Further, the method adopted directly connects them to BMLDs. Overall, the
work demonstrates how DNNs can be used to consolidate theoretical and experimental understanding in the
field of binaural hearing.
PD 29.3 Dichotic Listening Deficits in Amblyaudia Are Characterized by Aberrant Neural
Oscillations in Auditory Cortex
Sara Momtaz Bokharaei
The University of Memphis
Background
Children diagnosed with central auditory processing disorder (CAPD) show deficits in processing complex
sounds that are associated with difficulties in higher-order language, learning, cognitive, and communicative
functions. Amblyaudia (AMB) is a subcategory of CAPD identified as having binaural integration deficits and
abnormally large ear asymmetries in dichotic listening tasks.
Methods
Here, we examined frequency-specific neural oscillations and functional connectivity via high-density EEG
in children with and without AMB during passive listening of nonspeech stimuli.
Results
Time-frequency maps of these “brain rhythms” revealed stronger phase-locked β/γ (~35 Hz) oscillations in
AMB’s within bilateral auditory cortex for sounds presented to the right ear suggesting a hypersynchronization
and imbalance of auditory neural activity. Brain-behavior correlations revealed neural asymmetries in cortical
responses predicted the larger than normal right-ear advantage in AMB’s dichotic listening. Additionally, we
found weaker functional connectivity in the AMB group from right to left auditory cortex, despite overall
stronger neural responses.
Conclusions
Overall, our results reveal abnormally large auditory sensory encoding and an imbalance in communication
between cerebral hemispheres (ipsi- to -contralateral signaling). We suggest these neurophysiological changes
might lead to functionally poorer behavior capacity to integrate information between the two ears in AMB
and related variants of CAPD.
PD 29.4 Effects of Background Babble on Spatial-Change Tuning of Speech in Older Adults
Erol Ozmeral
University of South Florida
Background
In complex acoustic scenes, listeners take advantage of spatial cues to selectively attend to sounds, such as
speech, that are deemed immediately relevant while ignoring sounds that are deemed to be irrelevant. Using
electroencephalography, we have shown modulatory effects of attention on spatial-change tuning, a related
neural phenomenon to the minimum audible movement angle. Younger and older listeners show comparable
effects of attention, whereby spatial-change tuning to noise bursts is sharpened in directed attention tasks.
However, older adults show broader spatial-change tuning than younger listeners when passively listening to
moving stimuli, indicating a diminished bottom-up signal representation of spatial change. In a more recent
study, younger listeners were presented with speech stimuli that moved periodically in the free field either in
quiet or in background babble. As with noise bursts, moving speech in quiet evoked robust event-related
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potentials and sharp spatial-change tuning, and though background babble tended have some suppressive
effects, younger listeners still showed robust neural responses to the moving speech.
Methods
The present study tested the effect of background babble to spatial-change tuning of speech stimuli in an older
population. Listeners were tasked with either passively listening to the speech or actively indicated whether
the speech had moved to a specific location. Because older listeners are known to have greater challenges
understanding speech in complex acoustic scenes, and because they have also been shown to have limited
spatial-change tuning in quiet, we hypothesized that older listeners would lack the necessary signal
representation to have significant effects of selective attention when background babble was present.
Results
As was the case with moving noise bursts, older adults showed clear spatial-change tuning to speech in quiet
albeit broader than young adults; however, older adults were limited in their ability to meaningfully represent
spatial change when background babble was present. Responses from directed attention conditions
demonstrated intact top-down modulatory effects of attention when the signal could be adequately encoded
(i.e., in quiet), but not when spatial-change tuning was absent altogether (i.e., in background babble).
Conclusions
The results of the present study are clear indicators that although older listeners show intact spatial selective
attention, they are limited in their ability to take advantage of selective attention when the bottom-up signal is
poorly encoded. Despite the normal hearing status of the present listeners, the results of this study may also
provide evidence for the use of sound enhancing technology for those with clinically normal hearing
thresholds.
PD 29.5 Modeling Binaural Masking Release Based on Interaural Phase Distribution
Bernhard Eurich
University of Oldenburg
Background
In complex listening environments, listeners can benefit from utilizing interaural differences to separate a
signal from a masker. Differences in interaural phase configuration between a target and a masker can lead to
substantial binaural masking release, even in case of large interaural masker delay. To model this unmasking
behavior a neural delay compensation mechanism is widely assumed. An alternative hypothesis states that
binaural unmasking behavior can be explained solely based on the interaural phase distribution. However,
using this approach, it has not yet been possible to account for the decreased unmasking performance in
scenarios with several noise sources (double-delayed noise, van der Hejden & Trahiotis, JASA 105-1 1999,
p. 388). As a potential solution, Marquardt & McAlpine (JASA 126, EL177, 2009) suggested detrimental
interaction across frequency channels. The goal of the present study is to develop this concept into a
computational model in order to explain psychoacoustic data that was previously only explained by employing
delay compensation.
Methods
This study proposes a model that extracts time dependent interaural phase differences (IPD) in each frequency
channel. Interactions across frequency channels are introduced in order to decrease unmasking performance
in case of low interaural coherence in off-frequency channels. Monaural cues are considered by assessing
changes in the channels' envelope power. The model is evaluated as an artificial observer in an alternative
forced choice paradigm.
Results
The model is shown to account for several relevant psychoacoustic phenomena concerning binaural masking
level differences (BMLD) including the dependence on the interaural noise delay. It further accounts for the
reduced BMLD in double-delayed noise. Parameter optimization is ongoing.
Conclusions
The proposed computational model was shown to account for BMLD data solely based on IPD distributions
and envelope power. Thus, at this stage, across-channel interaction effects appear to provide an explanation
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for the reduced binaural benefit in listening scenarios with multiple masking noise sources and large noise
delays.
PD 29.6 Neural Encoding of Individual Source Locations in Multi-Speaker Listening Scenes
Kiki Heijden
Radboud University Nijmegen
Background
Everyday listening scenes typically contain concurrent, spatially separated sound sources. Humans are capable
of individually localizing sound sources in such listening scenes when two or even three spatially separated
sources are present (e.g. Good & Gilkey, 1996; Lorenzi, Gatehouse, & Lever, 1999; Hawley, Litovsky, &
Colburn, 1999). Yet, little is understood about location encoding of individual sound sources in spatially
separated, multi-source listening scenes. Here, we use invasive recordings of neuronal population responses
and neuronal population modelling techniques to investigate the representation of individual sound locations
in multi-source listening scenes.
Methods
We recorded neuronal population activity using stereotactic electroencephalography (sEEG) in seven
participants. Participants listened to blocks of spatialized, spoken sentences. Blocks contained trials with either
a single speaker (male or female), or two, spatially separated speakers (male and female) at -45° and/or +45°.
At the start of a block, participants were instructed to attend either the male or female speaker. The spatial
location of the attended speaker varied pseudo-randomly over trials. In between trials, participants were asked
to indicate the position of the attended speaker (left or right). We extracted the envelope of the high-gamma
band (70 – 150 Hz) as a measure of neuronal population activity.
To assess spatial selectivity, we calculate a spatial selectivity index (SSI) as the normalized difference between
the population response to sound on the left and right. For multi-speaker conditions, we compute SSI as a
function of the locus of spatial selective attention for those time instants in which only one speaker is present.
Further, we construct a model of early spatial hearing based on peripheral auditory processing (ref Patterson)
to derive the expected spatial input to the neuronal populations (i.e. binaural disparity cues and interaural
coherence). Next, we use this information to model multivariate temporal receptive fields (TRFs, Crosse et
al., 2016) for each neuronal population for three different feature spaces: spectral profile, spatial position, and
interaural coherence. We assess the validity of the mTRFs by predicting population responses to unseen
listening scenes and assess the relative contribution of each feature space (De Heer et al., 2017).
Results
Neuronal populations in primary (Heschl’s gyrus) and higher-order regions (planum temporale and superior
temporal gyrus) exhibited spatial selectivity in single-speaker conditions. Our data furthermore showed that
spatial selective attention affects spatial selectivity in multi-speaker scenes across auditory cortex. TRFs reveal
mixed representations of spectral, spatial, and coherence features across auditory cortex.
Conclusions
Our study investigates the neuronal mechanisms underlying the encoding of single source locations in multisource listening scenes. These findings have important implications for understanding speech-in-noise
perception in normal hearing- and hearing-impaired listeners.
PD 29.7 Neural Modulation to Direction and Speaker in Spatial Multi-talker Speech Perception
Prachi Patel
Columbia University
Background
Humans can attend to a single conversation in crowded acoustic scenes particularly when the talkers are
separated in space. How the human auditory cortex represents spatially separated multiple talkers and how
attention to a talker’s location or voice modulates the neural representation of attended and unattended speech
in unclear.
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Methods
We measured neural responses from electrodes implanted in neurosurgical patients as they performed singleand multi-talker speech perception tasks, with and without spatial separation of talkers.
Results
We found that spatial separation between talkers caused a preferential encoding of the contralateral talker’s
speech irrespective of the focus of attention. Moreover, talkers’ speech and location were encoded in distinct
component of the neural response and these components were differentially modulated by attention to either
talker’s voice or direction.
Conclusions
These findings shed light on interplay of bottom-up and top-down mechanisms which creates a selective and
dynamic neural code that can support speech perception in crowded acoustic scenes.
PD 29.8 Validation of Online Testing for Behavioral Auditory Experiments: Speech Intelligibility in
Quiet and Noise
Emily Burg
University of Wisconsin-Madison
Background
The binaural system helps listeners localize sounds and understand speech in noisy environments.
Psychophysical studies that aim to measure these abilities are typically conducted in highly controlled
laboratory environments with carefully calibrated stimuli. However, participant recruitment and testing can
be cumbersome. An increasingly popular alternative is to move towards remote data collection outside the
laboratory. Remote testing provides access to diverse patient populations and efficient collection of large
sample sizes. Unlike experiments conducted in laboratory sound booths, remote testing may introduce
variabilities that reduce data quality, such as the home environment and consumer-grade audio devices.
Therefore, validation of remote testing protocols is essential in order to understand the impact of such
variabilities as we adopt a more flexible approach to data collection.
Methods
We utilized Gorilla, an online research platform, to replicate two experiments that explored contralateral and
binaural unmasking in normal hearing listeners (Goupell et al., 2016 & Bernstein et al., 2016). The current
experiment measured speech reception thresholds (SRTs) at 50% correct in normal hearing adult listeners in
four listening configurations: “Quiet,” “Contralateral Separation,” “Monaural,” and “Dichotic Separation.”
Contralateral unmasking was calculated as the difference between SRTs in the “Monaural” and “Contralateral
Separation” conditions, and binaural unmasking was the difference between the “Monaural” and “Dichotic
Separation” conditions. Both target and masker stimuli were comprised of five-word sentences containing a
name, verb, number, adjective, and object. Target stimuli were spoken by a female, and masker stimuli were
spoken by a female or a male. Stimuli were presented over wired headphones and scaled using a subjective
rating of the participants’ most comfortable loudness level. A series of perceptual screenings were included
to safeguard audio quality.
Results
The goal of this work is to assess whether data collected remotely produces similar findings to those obtained
when data are collected in the lab. One possibility is that, due to increased ambient noise level in the home
environment and more variable audio device quality across participants, remote testing will produce poorer
SRTs in all conditions, but effect sizes of contralateral and/or binaural unmasking will be similar.
Conclusions
Data from this study will provide empirical evidence regarding the feasibility and reliability of remote data
collection for behavioral auditory experiments, with potential applications for testing large numbers of
participants with normal hearing and hearing loss.
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10:00 a.m. - 12:00 p.m.
Podium 30: "Recent Advances in Age-Related Hearing Loss"
Moderators: Dr. Fan-Gang Zeng and Dr. Shinichi Someya
Category: Aging
PD 30.1 Ibuprofen Treatments Improve Auditory Functions of Aging CBA/CaJ Mice
Parveen Bazard
University of South Florida
Background
Currently, there is no FDA approved drug for age-related hearing loss (ARHL), also known as presbycusis.
Here we test the effects of ibuprofen – a well non-steroidal anti-inflammatory drug, on auditory function. Our
rationale is that chronic inflammation with age occurs for various aging tissues of the body, including the
brain and cochlea. Also, we have shown that aldosterone, a naturally occurring mineralo-corticoid hormone
can help preserve auditory function during aging for CBA/CaJ mice via prevention of cell loss in spiral
ganglion neurons and stria vascularis ionic changes. Hence, we have explored the combinatorial effects of
aldosterone and ibuprofen here.
Methods
Aging 19-22-month-old CBA/CaJ mice were used. Treatment groups were divided into two groups: ibuprofen
alone, and a combo treatment – aldosterone and ibuprofen. Ibuprofen was fed in the chow, and aldosterone
was systemically administered using time-release pellets. Auditory functions; auditory brain stem responses
(ABRs), distortion product otoacoustic emissions (DPOAEs), and temporal processing abilities of the mice
using the ABR gap-in-noise (ABR GIN) – responses to a silent gap duration inserted in between wide band
noise burst stimuli; were measured each two months. Western blot experiments were performed using two
auditory cell lines: stria vascularis (SVK-1) and hair (HEI-OC1) to investigate underlying drug actions and
biological mechanisms.
Results
For the initial experiments, chow-fed ibuprofen concentration was 375 ppm. Significant effects were observed
on DPOAEs amplitudes and thresholds due to ibuprofen treatment. During 6 months of treatment, ibuprofen
showed significantly fewer aging declines of DPOAE amplitudes and threshold elevations compared to the
control group of mice of the same age. ABR-GIN responses are representative of temporal processing, i.e.,
the shortest gap duration at which there was a response to the second noise burst. The ABR-GIN thresholds
for the aging control group was 8 ms. For second noise burst ABR, peak 1 and peak 4 amplitude shifts during
the 6-month treatment period were smaller for the ibuprofen mice at each gap duration tested: 8, 12, 16, 32
and 64 ms. Also, ABR latency shifts for the 2nd noise burst during the 6-month treatment period were larger
for the control group at each gap duration. Improved suprathreshold ABR levels (80 dB SPL), were observed
for the combo treatment group. Preliminary molecular biology experiments indicate that ibuprofen treatment
affects prestin motor protein and inflammatory biomarker expression levels.
Conclusions
Further dose optimization (e.g., decrease; 263 ppm ibuprofen) and biomarker experiments are ongoing to
understand the complete effects of these treatments. In conclusion, ibuprofen-alone treatment slows the
decline of outer hair cell functions as well temporal processing in aged CBA/CaJ mice. Addition of aldosterone
further augments the effects, especially for improvement of suprathreshold responses.
Work supported by NIH-NIA: P01 AG009524.
PD 30.2 Gene Expression and Potential Treatment Analyses of Connexin 30 and 43 for Age-Related
Hearing Loss
Jennifer Pineros
University of South Florida
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Background
Connexin proteins (Cx) are essential for intercellular communication. Cx gene mutations have been linked to
human syndromic and nonsyndromic deafness. Our previous work showed Cx30 downregulating with age in
the stria vascularis (SV), but the role of other Cx’s in age-related hearing loss (ARHL), as well as localization
of Cx isoforms in the cochlea is still to be determined. We analyzed age-associated changes in Cx30 and Cx43,
as well as investigating potential treatment options for ARHL.
Methods
CBA/CaJ mice were used: young adult (3 mon, n=6) and old (30 mon, n=6). Gene expression of Cx30 and
Cx43 using SV and Organ of Corti (OC) samples was done with RT-qPCR. Auditory brainstem responses
(ABR) and distortion product otoacoustic emissions (DPOAE) were recorded to measure hearing changes.
Western blots were used to measure Cx30 and Cx43 protein expressions in SVK-1 and HEI-OC1 cell lines
for different chemicals treatments – hydrogen peroxide (H2O2), aldosterone (ALD), and melatonin (MEL).
Similar treatments as in the cell lines were given for cochlear lateral network (LW) and OC organotypic
cultures collected from rat pups (n=10). Confocal laser scanning imaging was used for Cx30 and Cx43
biomarker detection.
Results
Signal-intensity comparisons between the young adult and old cochlear samples using RT-qPCR and t-tests
confirmed an upregulation for both Cx30 and Cx43 genes in the OC and downregulation for both in the SV.
Dose-dependent treatment with H2O2 produced a decrease in protein expression for Cx30 in the SV. The
treatments with ALD and MEL for both Cx proteins are underway. Preliminary data from the dose-dependent
treatments of H2O2, ALD, and MEL showed all three chemicals impacted the expressions of both Cx proteins.
These findings support further quantitative analysis for measuring the exact effect of each treatment.
Moreover, confocal images confirmed the presence of both Cx proteins in the cochlea as well. Time-course
experiments using SVK-1 cell samples treated with H2O2 have also been collected to analyze the protein
expression differences at different intervals over 24 hours, which will be helpful for us to understand the
molecular mechanisms of ARHL on connexin family expression levels in the peripheral auditory system.
Conclusions
Our study indicates a trend of down-regulation of both Cx genes in the SV and an upregulation in the OC with
aging. The in vitro cell treatments currently appear to be good options to investigate changes among Cx
expression levels and may result in possible treatments that will prevent or reverse ARHL. Western blot
experiments for Cx30 and Cx43 using protective treatments, ALD and MEL, are ongoing. The long-term goal
is to determine the mechanisms affecting the connexin family gap junction proteins during ARHL and the
possible feasibility of potential treatments.
Support: NIH grant P01 AG009524.
PD 30.3 Age Related Apoptosis in CBA/CaJ Mouse Cochlea Can Be Emulated in Vitro Using
Cochlear Cell Lines Treated With Hydrogen Peroxide
Robert Frisina
University of South Florida
Background
Cell loss is a biological hallmark of aging, including the aged cochlea. How cell loss contributes to cochlear
age-related deterioration is partially understood, but greater insights into its mechanisms may lead to new
strategic therapies to prevent the progression of presbycusis, a predominant age-related sensory disorder
worldwide. Other than classical pathway guided apoptosis, alternative cell death programs such as apoptosisinducing factor (AIF) can be mediated by non-caspase proteases as their regulators. We are interested in
understanding whether exogenous hydrogen peroxide (H2O2) stimulation, simulating age-related oxidative
stress, will lead to cell death induced by AIF activation.
Methods
CBA/CaJ mice were divided into three groups: Young adult, middle-aged and old, with equal amounts of
males/females per group (N=6/group). Auditory brainstem responses (ABRs) and distortion product
otoacoustic emissions (DPOAEs) were recorded to measure hearing changes with aging. In vitro cell
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treatments using SV-K1 and HEI-OC1 cell lines were performed using H2O2 with different experimental
paradigms: dose-dependent and time-course. RT-qPCR was used to measure gene expression. Western blots
and confocal laser scanning microscopy were used with immunohistochemistry for the analysis of biomarker
changes including AIF pathway markers.
Results
We found that AIF translocation to the nucleus is increased in the cochlea with parallel hearing threshold
elevations as aging occurs. Using Ligation-Mediated PCR (LM-PCR), an increase in DNA fragmentation was
found in aged cochlear samples, suggesting that there is a possible link between AIF nuclear translocation and
cell loss in the aged cochlea. Additionally, we examined if the presence of hydrogen peroxide (H2O2)
concurrently induces cell death in cochlear cell lines (HEI-OC1 and SV-K1). Subjecting the cells to lower
doses of H2O2 (10nM-100µM) induced increasing AIF nuclear translocation and DNA fragmentation
(apoptosis) without caspase-dependent pathway activation. Further analysis of siAIF-transfected (AIF
depletion) cells clearly demonstrated that nuclear translocation and condensation are the most important
factors for cellular apoptosis as a result of H2O2 exposure.
Conclusions
Our results indicate that oxidative stress and the activation of the AIF caspase-independent pathway, resulting
in AIF nuclear translocation and condensation, are associated with aging in the cochlea and therefore, is a
probable biological mechanism for age-related hearing loss. The mechanisms by which cells undergo agerelated and H2O2 stimulated (oxidative stress) AIF-mediated cell death is not completely clear at present,
however efforts are being undertaken to increase our understanding so as to achiever the clinical goal of
preventing the progression of presbycusis. Overall, our findings support the idea that oxidative stress and
subsequent AIF nucleus distribution enhancement with aging are mechanisms underlying age-related hearing
loss.
Supported by NIH-NIA grant P01 AG009524.
PD 30.4 Autophagic Concepts and Mechanisms of Age-Related Hearing Loss May Be Helpful to
Remedy the Novel Coronavirus
Freyda Mannering
University of South Florida
Background
The coronavirus 2019 (COVID-19) pandemic has taken the world by surprise as it spread through the
continents with rapidly increasing mortality rates. It is of the utmost urgency to study the effects of antiviral
drugs such hydroxychloroquine and remdesvir, since the FDA has approved these drugs for clinical trials.
The autophagic pathway is a highly conserved cellular degradation and recycling process. Our previous study
showed that aging processes promotes autophagy inhibition and auditory dysfunction. It is an essential factor
for cell survival and hearing maintenance in mouse models. Likewise, we hypothesize that autophagy may
play a role for survival and invasion of COVID-19.
Methods
Young adult (3 mon), middle age (12 mon) and aged (30 mon) CBA/CaJ mice served as auditory animal
models. Cochlear cell lines SV-K1, HEI-OC1, and human lung epithelia cells (HBEpC) were utilized in
different experimental paradigms: dose-dependent, time-course, and transduced by lentivirus mCherry-GFPLC3 vectors pseudo-typed with spike proteins. Western blots and laser scanning confocal microscopy were
used to identify signal proteins in the mTOR (mechanistic target of rapamycin) pathway including LC3, p62
and 4E-BP. An OriGene Lentivirus kit was used for the measuring infectivity of the virus. Ligation mediated
PCR (LA-PCR) was used to detect DNA laddering (cell death biomarker assay).
Results
Apoptosis (programmed cell death) was detected in the aged cochlea and HEI-OC1 cells treated with
chloroquine (CQ). Autophagy biomarkers, LC3II and P62, were increased in the old cochlea compared to
young adult cochlea, similar to the results of our in vitro experiment with the autophagy inhibitor CQ in SVK1 cells. Similarly, we found that remdesivir (Re) and hydroxychloroquine (HCQ) induced LC3II and 4E-BP
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protein expressions increases in HBEpC cells compared with nontreated cells, indicating autophagy flux was
blocked by interfering with the fusion between AP and AL, and we also observed that the mTOR pathway
was activated. We infected the HBEpC cells with lenti-mCherry-GFP-LC3. Comparing the controls to the
highest doses of Re and HCQ, both mCherry and GFP signals were decreased. mCherry signals are less than
GFP signals in treated cells, suggesting Re and HCQ inhibit virus proliferation at the point of autolysosome
formation. We collected the supernatants three days post-infection of lenti-mCherry-GFP-LC3, to assess viral
production by the HIV p24 ELISA method. In both Re and HCQ treatment groups, viral concentrations had
significantly decreased compared to the untreated controls.
Conclusions
The incidence of age-related cochlea autophagy dysfunction and Re/HCQ-induced viral autophagy inhibition
suggests shared mechanisms for cell survival maintenance for normal hearing and COVID-19 virus spreading.
Further characterization of the molecular mechanisms and biomarkers involved in regulating selective
autophagy is valuable for drug development for new therapies.
Funding: Univ. of South Florida, NIH-NIDCD R21 DC017039, and NIH-NIA P01 AG009524.
PD 30.5 Age-Related Changes to the Size and Pigment Content of the Stria Vascularis in Mouse and
Human Temporal Bones
Nicholas Andresen
Johns Hopkins Hospital
Background
The stria vascularis (SV) is a pigmented structure located in the lateral wall of the cochlea that generates the
endocochlear potential (EP). Decreased EP has been linked to age-related hearing loss. Melanocytes are
thought to be involved in the generation of the EP and are thought to convey antioxidant protection in the
cochlea. Converging evidence shows that African Americans have a 40-60% lower risk of age-related hearing
loss, and stria vascularis from older African American adults shows greater pigmentation compared to
Caucasians (Sun et al. 2014). However, it remains unclear if increased cochlear pigmentation confers lifelong
protection against hearing loss or if this finding indicates differential age-related changes in cochlear
pigmentation. We studied changes to the size and pigment content of the stria vascularis in a mouse model of
age-related hearing loss and compared those changes to pediatric and adult temporal bones.
Methods
Mouse temporal bone specimens were collected from CBA/CaJ strain juvenile (3-4 week) and adult (30-32
months) laboratory mice housed in a quiet environment. Pediatric and adult temporal bones of individuals
who identified as Caucasian or African American were examined from the Johns Hopkins Temporal Bone
Collection. Information regarding Fitzpatrick skin type were unavailable and self-identified race/ethnicity was
used as a proxy. Images were taken using light microscopy at 20x magnification. Image J software (v1.53)
was used to measure stria vascularis area and pigment content, calculated as a percent area of the stria
vascularis.
Results
Among mouse specimens, stria vascularis area remained unchanged overall, but pigment content increased
with age. Among human specimens, stria vascularis area decreased and pigment content increased with age.
African American individuals had higher amounts of pigment within the stria vascularis, among both pediatric
and adult populations.
Conclusions
Pigmentation in the stria vascularis increases with age in mouse and human temporal bone specimens.
Individuals who identified as African American had higher pigment content within the stria vascularis both as
children and as adults. These results suggest that pigment within the stria vascularis may have a protective
role against age-related hearing loss. Our findings also underscore the need for representation of participants
who reflect the racial/ethnic diversity of the aging population both within temporal bone studies and hearingrelated studies more broadly.
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PD 30.6 Cochlear Inflammation in CBA/CaJ Mice Increases During Age-Related Hearing Loss
Ben Seicol
The Ohio State University
Background
Age-related hearing loss (ARHL) is a major hearing impairment in patients that is widely studied in research
animals. Hair cells in the cochlea transduce mechanical sound waves into electrical signals, and specialized
ribbon synapses reliably transmit auditory information to the peripheral terminals (cochlear synapses) of spiral
ganglion neurons. Loss of hair cells and cochlear synapses lead to sensorineural hearing loss in ARHL.
CBA/CaJ mice exhibit late-onset, human-like progression of hearing loss during normal aging making them
a fitting model for studying ARHL in mice. Cochlear macrophages and circulating monocytes drive cochlear
inflammation following physical and chemical insults to cochlea, and in humans, cochlear inflammation has
recently been confirmed in post-mortem tissue samples of aged patients. However, well-controlled animal
studies of cochlear inflammation in late-onset ARHL are needed to advance our mechanistic understanding of
the contribution of inflammation to sensorineural hearing loss in aging.
Methods
To address this, we have conducted a series of immunohistochemical studies examining cochlear
inflammation in young (~2-3 months) and aged (~30 months) CBA/CaJ mice.
Results
Iba1-labeled resident macrophages in the cochlea show increased area and elevated levels of CD68 with age,
indicating increased activation.
Conclusions
This study confirms that CBA/CaJ mice are a suitable model for studying inflammation in ARHL, and our
results suggest that increased cochlear inflammation during aging may contribute to the pathophysiology of
ARHL.
PD 30.7 Hair-Cell Neurotransmission Modulates Neomycin Susceptibility
Daria Lukasz
NIH
Background
The aminoglycoside antibiotic neomycin is effective at eliminating life-threatening infections. Neomycin is
also a potent ototoxin that has been shown to cause irreversible hearing loss both in human patients and animal
models. Recent work has shown that hair cells may be particularly vulnerable to antibiotics because they must
cope with a high metabolic load which may sensitize them to ototoxins. Near constant stimulation of hair cells
by omnipresent sound calls for steady mitochondrial ATP production, which ultimately can stress
mitochondria by leading to the buildup of cytotoxic reactive oxygen species (ROS) mitochondrial byproducts
and thus may render hair cells more susceptible to neomycin. Our work aims to understand what aspect of
hair-cell activity drives this ROS production. Upon activation, hair cells rely on mechanotransduction and
neurotransmission to convert stimuli into a chemical signal. Although previous work has implicated the
metabolic demands of mechanotransduction in ototoxin susceptibility, the contribution of neurotransmission
to this phenomenon is unknown.
Methods
For our studies we used larval zebrafish, which offer several advantages over rodent models. Larvae are
transparent and possess externally located lateral line hair cells. These features allow for easy in vivo and in
toto imaging of individual cells following bath pharmacological or fluorescent dye treatment. We used these
approaches to examine cav1.3-/- and otoferlin-/- zebrafish mutants. CaV1.3 is required for presynaptic
calcium influx and calcium-dependent vesicle fusion at the hair cell synapse. The protein otoferlin is a calcium
sensor that couples presynaptic calcium influx with vesicle fusion. These mutants enable us to investigate the
contribution of hair cell neurotransmission to neomycin susceptibility.
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Results
We found that both cav1.3-/- and otof-/- mutants exhibit significantly augmented hair cell survival relative to
wildtype sibling controls when challenged with neomycin across multiple concentrations. Transient block of
Cav1.3 channels with the antagonist isradipine during neomycin exposure has no effect, which indicates that
prolonged loss of neurotransmission is required for protection. Furthermore, we utilized the cytosolic ROS
indicator cellROX Orange and the mitochondrially-localized ROS indicator mitoTimer to reveal a significant
reduction in oxidative stress in both mutants relative to controls. The mitochondrial potential indicator TMRE
also revealed reduced mitochondrial activity in both cav1.3-/- and otof-/- mutant hair cells likely resulting
from reduced ATP demands.
Conclusions
These results suggest that neurotransmission contributes to hair-cell neomycin susceptibility. In
neurotransmission-deficient mutants, a reduction in neomycin susceptibility correlates with reduced
mitochondrial activity levels and reduced mitochondrial ROS byproduct accumulation. The finding that
neurotransmission at the level of vesicle fusion is highly energy demanding has only recently been
demonstrated in neurons and now appears to hold true in hair cells. This work brings us closer to creating
targeted therapies to prevent hearing loss, particularly in the context of slow long-term damage associated
with aging or presbycusis.

12:30 p.m. - 2:30 p.m.
Symposium 31
SYMP 31. Integrating Biology to Innovate Hearing Restoration: How Young Investigators Can Shape
the Future
Chair: Jennifer Harre
Hannover Medical School
SYMP 31.1 Understanding the Pathophysiology of Hearing Loss to Identify Novel Therapeutic
Targets
Ellen Reisinger
University of Tuebingen Medical Center
New therapeutic strategies are emerging to ameliorate hearing disorders. Gene editing, cell replacement and
gene replacement strategies are being developed, all of which provide causal therapies for hearing impairment.
Which strategy is most suitable for a given form of deafness? Basic research, unravelling the pathophysiology
of each hearing disorder, is detrimental to develop a targeted strategy against hearing loss. Furthermore, for
any form of deafness, a detailed knowledge of the sites of lesion in the auditory system helps to validate the
efficiency of a therapeutic approach.
SYMP 31.2 Mammalian Inner Ear Development and Stem Cell Biology at Single Cell Resolution
Taha Jan
UCSF
State of the art single cell transcriptomics technology has revolutionized the fundamental understanding of
biological processes, including stem cell biology and developmental dynamics. Recently, these techniques
have been applied to the mammalian inner ear in both mice and humans to gain an in depth understanding of
the diversity of cells and their fates during development. The next phase of discovery involves diseased and
damaged states of mammalian tissues using single cell transcriptomics to gain new molecular insights into
responses after damage and identification of targets for potential therapeutics.
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SYMP 31.3 Towards Personalized Medicine Through Advancing Molecular Genetic Diagnostic
Approaches
Barbara Vona
Tübingen Hearing Research Centre, Eberhard Karls University Tübingen
The post-genomic era has delivered a remarkable flood of knowledge about the genes and mutational
signatures involved in hereditary hearing loss. This breakthrough has enabled remarkable navigation through
genetically heterogeneous hearing loss and has come with its own set of new challenges. We present our
experience with routine molecular genetic diagnostics for hearing loss using a series of approaches that range
from targeted gene panels to genome sequencing and the integration of RNA-seq as a companion diagnostic
approach for achieving unparalleled information about the transcriptome.
SYMP 31.4 Lentiviral Vector-Based Gene Therapy to Treat Hereditary Forms of Hearing Loss
Juliane Schott
Hannover Medical School
Genetic causes can make up to 50% of sensorineural hearing loss (SNHL) cases. Thus, application of gene
therapy to provide an intact gene copy is an attractive option to treat SNHL. We have established a lentiviral
vector production and administration protocol that allows efficient in-vivo transduction of cochlear cells,
including hair cells and spiral ganglion neurons. Following a systematic approach, we currently identify the
most suitable pseudotype and promoter variants and develop strategies for specific cell targeting. First results
demonstrate the success of lentiviral gene therapy by improved hearing and balance scores in a relevant murine
knock-out disease model.
SYMP 31.5 A Novel Composite Coating for Neuronal Electrodes: Nanoporous Platinum Containing
Nanoporous Silica Nanoparticles
Mosaieb Habib
Leibniz Universität Hannover
Platinum is currently used as electrode material within the cochlear implant (CI). By utilizing a composite
material, composed of nanoporous silica nanoparticles (NPSNPs) enclosed within the pores of nanoporous
platinum (NPPt) as a drug delivery system on the surface of the CI electrode, residual spiral ganglion neurons
and cochlear hair cells could be preserved. Silica-core-polystyrene-shell-nanoparticles as hard template
particles were deposited into which interspaces porous platinum is deposited via electrodeposition. The novel
material combines the favorable properties of NPPt and NPSNPs, specifically the excellent electrochemical
behavior simultaneously with the large pore volume and a variety of possible surface modifications.
SYMP 31.6 Does CI Stimulation With Uninformative Interaural Time Differences (ITDs) Prevent the
Development of ITD Sensitivity?
Nicole Rosskothen-Kuhl
University Medical Center Freiburg
Early deafened patients with cochlear implants (CI) show poor sensitivity for interaural time differences
(ITDs), an important cue for sound localization and speech comprehension. Current CI processors are unable
to synchronize their internal clock binaurally resulting in inconsistent delivery of ITD cues when electrically
stimulating the auditory system and thus preventing the “normal” development of ITD sensitivity through
reliable exposure. We investigate to what extent varying, uninformative presentation of ITDs interferes with
the development of ITD sensitivity in hearing inexperienced CI users and whether this is reversible by
delivering bilaterally synchronized, informative ITDs.
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12:30 p.m. - 2:30 p.m.
Symposium 32
SYMP 32. From Bench to Bedside – Translational Oto-Therapeutic Approaches
Chair: Monica Serban
University of Montana
Co-Chair: Rebecca Lewis
Whisper
SYMP 32.1 Validating Candidate Otoprotective Therapeutics in Medically-Relevant Preclinical
Models
Peter Steyger
Creighton University
Until recently most ototoxicity studies were conducted in healthy preclinical models that did not reflect the
clinical settings in which these medications were used. For example, systemic bacterial infections treated with
aminoglycoside antibiotics also induce severe inflammation. Recent preclinical studies have shown that
inflammation potentiates aminoglycoside-, and cisplatin-induced cochleotoxicity. These data indicate the
importance of validating the otoprotective efficacy of candidate pharmacotherapeutics in medically-relevant
preclinical settings. This will increase the prospect of candidate otoprotective therapeutics advancing to
clinical trials while also de-risking the investment in such clinical trials. Other challenges in translating
candidate ototherapeutics to market will be discussed.

SYMP 32.2 Translational Approaches for the Management of Cytomegalovirus Mediated
Sensorineural Hearing Loss
Albert Park
University of Utah
Cytomegalovirus (CMV) is an underappreciated but important cause of pediatric hearing loss. Longitudinal
studies have reported CMV infected children becoming deaf. An unmet need is an effective treatment that
will prevent this loss. We have developed a murine model for CMV and reported that the antiviral drug,
ganciclovir mitigates hearing loss during active infection. We are currently embarking on an NIH funded
international multi-institutional placebo controlled clinical trial to determine the efficacy and safety of an oral
form of ganciclovir in CMV infected children with isolated hearing loss. We will discuss preliminary findings
and future directions for treatment.
SYMP 32.3 Ototherapeutics for Childhood Hearing Loss: Needs and Challenges
Dylan Chan
University of California, San Francisco
Childhood hearing loss can be present at birth or develop postnatally and differs significantly from adult-onset
hearing loss with respect to etiology, feasible strategies for drug delivery, and functional impact. Thus,
ototherapeutic development targeted toward adult indications and delivery methods may be ineffective or
impractical for translation to pediatric populations. In this presentation, I will use two common examples of
hearing loss in children - sensorineural hearing loss due to cisplatin, and to enlarged vestibular aqueduct - to
illustrate the challenges and unmet needs for ototherapeutics in pediatric hearing loss.
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SYMP 32.4 Bridging the Gap Between Researchers and Patients in an Academic Setting
Lukas Landegger
Vienna General Hospital, Medical University of Vienna
As a practicing otolaryngologist who took a break from clinical work for six years to pursue a PhD and a
postdoctoral fellowship, I was fortunate enough to interact with some of the best role models in the field of
hearing research in seven countries. After carrying out in vitro and ex vivo work, animal studies with diverse
species like mice, gerbils, guinea pigs, sheep, and non-human primates in addition to retro- and prospective
clinical studies, I proceeded to combine my clinical work with establishing a research group. In this session,
I hope to elaborate on academic research at several levels.
SYMP 32.5 Lost in Translation: Overcoming Obstacles to Advance the Field of Inner Ear
Therapeutics
Katharine Fernandez
NIDCD
Millions of cancer survivors struggle with the social and emotional toll of cisplatin-induced hearing loss. We
recently showed that the cholesterol-lowering drug atorvastatin is associated with reduced hearing loss in
patients undergoing cisplatin therapy to treat head and neck cancer. I will discuss the challenges we
encountered in this drug-repurposing project and some strategies that helped us address those challenges. I
will then discuss the obstacles we still face as we work to bring this potential therapy to the clinic and suggest
some resources that might facilitate translation of basic discoveries into clinical therapies for ototoxic druginduced hearing loss.
SYMP 32.6 From Research to Preclinical Development: Translating In Vitro/Ex Vivo Research Into
Clinically Relevant In Vivo Studies for Hearing Loss
Bonnie Jacques
Otonomy Inc.
One of the hurdles in drug development is understanding the ability of in vitro or ex vivo models to predict in
vivo or clinical efficacy. This includes how severe a particular damage model may be, what level of efficacy
is meaningful as well as the best method for safely delivering a drug or obtaining sufficient drug levels in
desired tissues. Some of these preclinical aspects will be discussed as well their implications for regulatory
approvals and future clinical studies based on Otonomy’s experience in otic drug development from research
to commercialization, using specific examples from current hearing loss programs.
SYMP 32.7 Translation of Genetic Medicines for the Inner Ear
Michelle Valero
Akouos Inc.
Individuals with genetic hearing loss have limited treatment options. While cochlear implants and hearing aids
can improve hearing and quality of life, the field has yet to advance a therapeutic alternative to restore
physiologic hearing. Several gene therapy approaches show striking efficacy in animal models of genetic
hearing loss, but translation to the clinic requires the development of a new route of administration. Here we
will review Akouos’s precision genetic medicines platform, using a novel delivery approach for direct
intracochlear administration of therapeutic nucleic acids to the ear using the Anc80 variant of adeno-associated
viral vector.
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12:30 p.m. - 2:30 p.m.
Symposium 33
SYMP 33. Age-Related Plasticity Changes in the Central Auditory System
Chair: Robert Frisina
University of South Florida
Co-Chair: Josef Syka
Institute of Experimental Medicine, ASCR
SYMP 33.1 An Alternative Aging Model Produces Central Auditory Deficits That Precede Peripheral
Deficits
Edward Bartlett
Purdue University
Oxidative stress likely contributes to presbycusis, and oxidative stress from hyperglycemia is known to cause
hearing deficits. We investigated D-galactose induced hyperglycemia in young adult rats using auditory
evoked potentials that are sensitive to aging. Animals were evaluated at baseline, nine weeks afterwards, and
nine months afterwards. Tone thresholds were unaffected by D-galactose at nine weeks but declined
significantly more than in normal aging after 9 months, whereas later ABR waves and AM following responses
declined after 9 weeks. This model produces a window of central auditory decline without peripheral decline,
decoupling electrophysiological markers of cochlear damage from central dysfunction.
SYMP 33.2 Age-Related Reductions in Temporal Salience Engage Top-Down Predictions in Auditory
Thalamus
Donald Caspary
Southern Illinois University School of Medicine
To understand speech in challenging environments, older adults increasingly use top-down cognitive and
contextual resources. MGB integrates ascending signals and descending predictions, gating auditory
representations based on salience and context. MGB units show age-related increases in preference for
predictable modulated (SAM) stimuli. We tested if degrading the temporal reliability of SAM stimuli in young
rats would increase top-down prediction coding and if this was reversed by blocking corticothalamic
projections. Reducing SAM salience increased prediction coding which was reversed by blockade of topdown projections. These findings support the hypothesis that less salient acoustic signals engage top-down
resources to disambiguate acoustic signals.
SYMP 33.3 Age-Related Changes in the Processing of Temporal Parameters of Acoustical Signals in
the Auditory Cortex
Josef Syka
Institute of Experimental Medicine, ASCR
Age-related changes in neural temporal processing were found in the rat auditory cortex. When stimulated
with wide-band sounds, such as broad-band noise or clicks, the aged auditory system of experimental animals
exhibited a decline in the precision and reliability of both the rate code and temporal code. However, in
response to sinusoidal or nearly sinusoidal auditory stimuli, the aged animals appeared to have the same or
even an improved processing ability as young adult animals. In addition to this, differences were observed
between the reactions of neurons in the left and right auditory cortices, both in young adult and aged animals
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SYMP 33.4 Neural Plasticity in the Aged Auditory System Induced by Exposure to Spectral and
Temporal Augmented Acoustic Environments
Joseph Walton
University of South Florida
There is growing evidence that targeted auditory training results in neural plasticity and can aid in the
treatment of central auditory-processing disorders in children and young adults. These studies use auditory
training or passive listening to modulate neural plasticity. However, there is a paucity of reports which have
examined the effects of augmented acoustic environments on hearing function for age-related hearing loss
(ARHL). Here, we use augmented acoustic environments having various acoustic characteristics that span
spectral and temporal domains in an attempt to improve neural correlates of central auditory processing in
animal models of ARHL.
Supported by NIH (Grant #P01-AG009524)
SYMP 33.5 Of Mice and (Wo)Men: Alterations in Central Auditory Nervous System Function Across
Aging Animal Species
Sandra Gordon-Salant
University of Maryland
The Neuroplasticity and Auditory Aging project conducts corresponding investigations with mouse, ferret,
and humans of the impact of auditory/cognitive training paradigms on alterations in neurophysiology in central
auditory pathways and behavior with aging. This presentation will share initial results that quantify these agerelated alterations prior to intervention. The findings range from changes in cortical connectivity in aging
mice to alterations in reconstructions of degraded speech in auditory cortex in aging ferrets and humans.
Similarly, psychophysical discrimination of and steady-state responses to pulse rates are altered by the aging
process in humans. Implications will be discussed. Supported by NIH (Grant #P01-AG055365)
SYMP 33.6 Effects of Age on Binaural Processing: The Relative Contributions of Peripheral and
Central Processing
Brian Moore
University of Cambridge
Several aspects of binaural processing worsen with increasing age, including the detection of differences in
the temporal fine structure and the envelopes of sounds at the two ears (more so for the former) and binaural
unmasking. However, the relative contribution of peripheral and central processes to the effects of age is
unclear. The evidence pertaining to this issue will be reviewed. It is concluded that both peripheral and central
processes play a role. In addition, the ability to use binaural information for auditory scene analysis depends
on cognitive abilities, which tend to decline with increasing age.
SYMP 33.7 Age-Related Auditory Declines and Perceptual Decision-Making for Speech Recognition
in Noise
Kenneth Vaden
Medical University of South Carolina
Speech recognition in noise is hypothesized to benefit from perceptual decision-making processes, which
gather sensory evidence until reaching a decision criterion for recognition. We have observed that lower
speech intelligibility can result in slower evidence accumulation, and lower criteria for faster recognition. Our
new neuroimaging findings suggest that cingulo-opercular activity can benefit speech recognition by adjusting
decision criteria for expected difficult listening conditions. We will discuss how these findings relate to
hearing loss and central auditory declines that can slow evidence accumulation, and compensatory criteria
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adjustments that could produce more extensive frontal activity for older adults during challenging auditory
tasks.

3:00 p.m. - 5:00 p.m.
Podium 34: "Ototoxicity, Noise Damage and Protection"
Moderators: Dr. Lavinia Sheets and Dr. Sharon Kujawa
Category: Inner Ear: Damage & Protection
PD 34.1 Cdkn2a Deletion and Ototoxic Insults Independently and Synergistically Promote Glial Cell
Proliferation in the Inner Ear
Kendra Stansak
University of Mississippi Medical Center
Background
Glial cells play critical roles throughout the nervous system but are generally less studied than neurons. In
addition to their more generalized neurotrophic functions, some glial cells act as progenitors which can give
rise to neurons or glia, and many glial cells retain the ability to proliferate well into adulthood. Thus, glial
cells represent a cell pool that could be used to promote the survival and possibly regeneration of nonregenerative neurons. However, when glial cell proliferation is unchecked, it can lead to tumorigenesis. Due
to the fact that non-regenerative eighth cranial nerve neurons can be lost to various insults including atrophy
subsequent to hair cell loss, and due to the fact that schwannomas can arise in or around the eighth cranial
nerve, there is an imperative need to better understand the genetic and environmental factors that influence
glial cell proliferation in the inner ear. The Cdkn2a locus gives rise to two different tumor suppressor proteins.
Accordingly, loss of function mutations or deletion of Cdkn2a exons results in increased cellular proliferation
in a number of tissues. However, the effect of Cdkn2a deletion on peripheral glial cells, or on any cells of the
inner ear, is not well elucidated.
Methods
In the current study, young adult (P30) male and female Cdkn2a knockout mice and their wild type
counterparts were given saline vehicle or subjected to ototoxic damage by furosemide and kanamycin
treatment. Mice were provided with the thymidine analog BrdU in their drinking water for 2 weeks.
Results Vehicle-treated Cdkn2a knockout mice demonstrated a modest, but significant, increase in cellular
proliferation throughout the modiolus compared to wild type littermates. Mice injected with furosemide and
kanamycin exhibited greater levels of cell proliferation compared to vehicle injected mice; and within this
ototoxic condition, proliferation was significantly greater in Cdkn2a-null mice. Cells were labeled with
antibodies against proliferating cell nuclear antigen (PCNA) and markers for glial cells (S-100), macrophages
(CD68) and neurons (Hu-D and Tuj1). While some PCNA positive cells appeared to be CD68 positive
macrophages, the vast majority of proliferating cells were S100 positive suggesting that they are glial. In only
one of the experimental groups, the kanamycin treated Cdkn2a-null cohort, were any proliferative cells colabeled by the neuron-specific antibodies Tuj1 and Hu-D., but these were rare.
Conclusions
The data therefore suggest that, while Cdkn2a deletion or kanamycin ototoxicity can each cause a moderate
increase in glial cell proliferation in the inner ear, the combined effect of these two manipulations is a robust,
synergistic increase in proliferation. These results and future directions will help us to better understand
molecular and environmental causes of glial cell proliferation in the inner ear with potential implications for
vestibular schwannomas and possibly neuronal regeneration.
PD 34.2 Cisplatin Induces Aberrant Stress Granules: Implications for Ototoxicity
Jack Martin
UCL Ear Institute
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Background
Cisplatin is a highly effective platinum-based chemotherapeutic used to treat a variety of solid tumours. There
are however several serious dose limiting side effects such as, neurotoxicity, nephrotoxicity and ototoxicity.
Hearing loss developed by patients undergoing chemotherapy with cisplatin is a bilateral, progressive, and
irreversible sensorineural hearing loss. The mechanisms underlying cisplatin ototoxicity are not fully
understood and there is no effective treatment for the prevention of cisplatin induced hearing loss. Cisplatin
kills rapidly dividing cells, such as those in tumours by forming DNA adducts that are recognized by the cell,
leading to apoptosis. However, the cochlear cells damaged by cisplatin treatment undergo little or no
proliferation, which suggests a cisplatin-protein interaction rather than a cisplatin-DNA interaction as a
possible cause of the toxicity of cisplatin to these cells. There are multiple proteins that have been shown to
interact with cisplatin, several of which are involved in the stress granule (SG) response. We previously
identified the role of SGs in protecting against aminoglycoside antibiotic induced ototoxicity (Goncalves et
al. 2019). Therefore, here we investigated the assembly and clearance of SGs in response to cisplatin to assess
its possible impairment by sequestering of SG proteins by cisplatin.
Methods
Two cell lines, mouse cochlea-derived UB-OC2s and human retinal pigment epithelial RPE-1s were treated
with 100μM cisplatin for 24hrs before fixation and immunostained with the SG markers Caprin1 and HuR.
To assess SG clearance, cells were allowed to recover in fresh medium for up to 24hrs before fixation.
Cisplatin induced SGs and their rate of clearance were compared to SGs induced by sodium arsenite, an
inducer of oxidative stress.
Results
Cisplatin induced SGs were significantly (p<0.001) fewer and smaller than arsenite induced SGs in both cell
lines. Additionally, cisplatin induced SGs were persistent 24hrs after removal of cisplatin, in stark contrast to
arsenite induced SGs that were cleared within 2hrs after removal of arsenite. Cisplatin treated cells were also
unable to mount a stress granule response to subsequent arsenite or heat shock exposure.
Conclusions
The reduced size and quantity of SGs induced by cisplatin and their persistence compared to arsenite induced
SGs, implicates an impaired SG response to cisplatin possibly due to impaired activity of one of the previously
identified cisplatin binding proteins involved in SG assembly/clearance. Furthermore, the inability of cisplatin
treated cells to mount a SG response to subsequent stress stimuli suggests cisplatin could sensitize cochlear
cells to future insults by compromising the protective function of stress granules. Manipulation of the SG
pathway may provide a novel target for therapeutics preventing cisplatin ototoxicity.
PD 34.3 Circadian Rhythms Effect of Gentamicin Ototoxicity: A Zebrafish Study
Alejandro Garcia
Massachusetts Eye and Ear
Background
Aminoglycosides are broad‐spectrum antibiotics commonly used in humans due to its high bactericidal
effectiveness, large availability and low cost. However, one of the main side effects is the damage to sensory
hair cells of the inner ear which induces sensorineural hearing loss (SNHL). The zebrafish lateral line contains
hair cell-bearing organs called neuromasts that are homologous to hair cells of the mammalian inner ear.
Hence, zebrafish is a well-known model to study ototoxicity. In rodent model’s ototoxicity severity varies
with circadian time, being higher during the day when the animal is resting. Therefore, extrapolating these
results to humans is difficult given the rodent’s active nocturnal nature. The present study seeks to determine
if there are variations in the toxicity of hair cells produced by the administration of gentamicin at different
times of the day in the diurnal zebrafish model.
Methods
A total of 448 Zebrafish larvae (TABS type) 5 dpf were treated with gentamicin for 30 minutes at different
dosages (100, 250, 400 uM) in 7 different circadian times (ZT1, ZT5, ZT9, ZT13, ZT17, ZT21, ZT1´, ZT0 =
Lights On). Structural integrity of 10 neuromasts (SO1, SO2, IO1-IO4, M2, MI1, MI2, O2) were evaluated
with DASPEI dye under fluorescence microscope according a semiquantitative damage scale (0 to 4 points
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per neuromast). Functional neuromasts integrity were analyzed using a vibratory startle response test (distance
moved one second after stimulus) using a DanioVision equipped with a tapping device. For the statistical
analysis, a multivariate ANOVA was used to evaluate cellular damage among the three different gentamicin
doses and the control. A t-test was used to evaluate the differences in the distance traveled by each fish after
a startle response.
Results
The zebrafish presented higher cellular structural damage when exposed to a gradual increase dosage of
gentamicin (p <0.001). The 400uM dose had significant effects compared to the two lower dosages (p <0.001).
The zebrafish vibratory startle response vary according to circadian times, showing a peak at ZT13 and a
valley at ZT9. The startle response curves were similar for the animals treated with gentamicin showing a
circadian pattern. There were shorter distances traveled at night for the 400 uM larvae compared to the lower
dosage-treated larvae (ZT17 vs. ZT9, p <0.05). Animals treated with gentamicin 400uM at night did not have
a peak reaction compared to those treated during the day, indicating severe tissue damage.
Conclusions
Aminoglycosides cause damage to zebrafish neuromasts in a dose dependent manner. The animals startle
response follows a circadian rhythm. Animals treated with high dose of gentamicin do not show the typical
peak reaction at night. These results suggest that ototoxicity could vary with the time of administration in
diurnal animals, which could we extrapolated to humans.
PD 34.4 Characterization of Quinoxaline Derivatives for Protection Against Latrogenic-Induced
Hearing Loss
Marisa Zallocchi
Creighton University School of Medicine
Background
Hair cell death is the leading cause of hearing and balance disorders in humans. It can be caused by many
factors including noise, aging, and therapeutic agents. As society becomes more technologically advanced and
the availability of novel therapeutic compounds with ototoxic side-effects increases, so does the threat to the
human hearing health. Previous studies have shown the therapeutic potential of quinoxaline against druginduced ototoxicity.
Methods
We synthesized and screened a library of 68 quinoxaline derivatives for protection against aminoglycosideinduced damage of hair cells from the zebrafish lateral line.
Results
We identified Qx28 as the best quinoxaline derivative that provides robust protection, against both
aminoglycosides and cisplatin in zebrafish and mouse cochlear explants. FM1-43 uptake and antibiotic
efficacy studies reveal that Qx28 is neither blocking the mechanotransduction channels nor interfering with
aminoglycoside antibacterial activity, suggesting that it may be protecting the hair cells by directly
counteracting the ototoxin’s mechanism of action. Finally, we assessed the regulation of NF-kB pathway in
vitro in mouse embryonic fibroblasts and in vivo in zebrafish larvae. Those studies showed that Qx28 protects
hair cells by blocking NF-kB canonical pathway activation.
Conclusions
Qx28 is a promising and versatile otoprotectant that can act across different species and toxins.
Funding: NIH-R01DC015444, NIH-R01DC015010, USAMRMC-RH170030, ONR-N00014-18-1-2507,
LB692/Creighton, Bellucci Foundation Award. University of Nebraska Medical Center, Advanced
Microscopy Core Facility (Fred and Pamela Buffett Cancer Center Support Grant -P30CA036727,
Institutional Development Award (IDeA) from the NIGMS of the NIH -P30GM106397, the Nebraska
Research Initiative Grant and Nebraska Center for Cellular Signaling CoBRE -NIH P30GM106397.
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PD 34.5 Effects of Acoustic Trauma of Varying Strength on Threshold Shifts, Synaptic Ribbons and
Glutamatergic Postsynapses in Inner Hair Cells of C57Bl6/N Mice
Inner Ear: Damage & Protection
Philipp Schätzle1, Philip Derleder1, Pauline Schepsky1, Fahmi Nasri1, Philipp Fischer1, Kerstin Blum1, Simone
Kurt1, Jutta Engel*1
1
Saarland University
Background
In noise-induced cochlear synaptopathy, synapses between inner hair cells (IHC) and spiral ganglion neurons
are irreversibly lost after noise trauma despite normal hearing thresholds. Broadband noise (8-16 kHz) at 100
dB SPL for 2 h damage part of the synaptic connections in the high-frequency region of the cochlea without
causing a permanent threshold shift (PTS) in CBA/CaJ mice (Kujawa and Liberman, 2009). Here we analyzed
how noise traumata of varying strength affected the synaptic connections of IHCs, the number of OHCs, and
hearing performance along the entire frequency range in C57Bl6/N mice.
Methods
Eight-week-old mice of both sexes were exposed to 100, 106, or 112 dB SPL broadband noise (8-16 kHz) for
2 h. The shift in hearing thresholds determined with auditory brainstem response (ABR) audiometry was
assessed directly after and up to 28 days post trauma. Thereafter, the number of IHC synapses, specifically
the pairing of presynaptic ribbons (CtBP2) and postsynaptic AMPA receptor scaffold (HOMER-1) clusters,
was analyzed along the cochlear length in whole-mount preparations of the organ of Corti. Further, the number
of OHCs was determined.
Results
Four weeks after a trauma of 106 dB SPL, a PTS was observed in the high-frequency region that extended
towards the middle-to-low-frequencies for the 112-dB trauma. Growth functions of ABR wave I were strongly
reduced in the high frequency region for both the 106- and 112-dB SPL trauma. OHC loss was negligible
compared with unexposed control mice. Synaptic pairs were reduced in the midbasal and basal cochlear region
in all trauma conditions. In contrast to CBA/CaJ mice, orphan ribbons were rare while orphan HOMER-1positive postsynapses were frequent in all trauma conditions.
Conclusions
These data confirm the susceptibility of ribbon synapses and ABR wave I amplitudes to a noise trauma of ≥
100 dB SPL. Surprisingly, peripheral dendrites were frequently preserved despite trauma-induced loss of part
of the IHC synapses. This indicates that peripheral dendrites bearing IHC postsynapses are less vulnerable
than presynaptic ribbons in C57Bl6/N mice.
Supported by DFG SFB 894 (A8 to J.E.) and IRTG 1830/2 (P1 to J.E.)
PD 34.6 IGF-1 via PI3K/AKT Activation Promotes Survival and Constructive Metabolism in HEIOC1 Auditory Cells
Ángela García-Mato
Instituto de Investigaciones Biomédicas "Alberto Sols"
Background
Insulin-like growth factor 1 (IGF-1) is an anabolic hormone that promotes survival in otic progenitors and
auditory cells. Mutations in the IGF1 gene cause human sensorineural hearing loss (1). Null Igf1 mice are deaf
and show early apoptosis in the neurosensory cochlear cells (2). Actions of IGF-1 are mediated by binding to
its high affinity transmembrane receptor, IGF1R. This interaction typically leads to the activation of the PI3KAKT pathway and of the MAPK-ERK cascade (3).
Methods
To gain insight into the molecular mechanisms involved in IGF-1 downstream signaling in the sensory hair
cells, we have used the HEI-OC1 cell line derived from the Immortomouse™ hearing receptor (4). We studied
the actions and main downstream signaling pathways of IGF-1. Apoptosis and cell viability were studied by
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flow cytometry and XTT assay, respectively, whilst activation of target proteins was measured by Western
blotting. To further characterize the molecular actions of IGF-1, autophagy flux and metabolic pathways were
analyzed by Western blotting and by live microscopy. The consequences of blockage of IGF-1 actions were
also investigated by using specific IGF1R inhibitors and XTT assay.
Results
The study of the relative expression of genes of the IGF system by RT-qPCR showed that IGF system factors
and receptors are expressed in both progenitors and differentiated auditory cells. In auditory progenitor cells,
IGF-1 engagement with its receptor, IGF1R, activated AKT/mTORC1 signaling to increase survival,
proliferation and constructive metabolism, such as glycogen storage and protein synthesis, and reduce
autophagic flux and apoptosis. In striking contrast to the proliferative state, differentiating HEI-OC1 auditory
cells maintained active anabolism and enhanced autophagic flux, even in the presence of IGF-1, which
triggered anabolic signaling through mTORC1 but did not affect autophagy. Finally, the response to ototoxic
agents was explored to stablish the otoprotective potential of IGF-1.
Conclusions
Our data indicate that HEI-OC1 cells can be used as a model to understand the actions of IGF-1 in hair cells,
to identify novel targets and to unravel the molecular mechanisms involved in IGF-1 deficiency-associated
otic damage.
Funding
This work was supported by Spanish FEDER/SAF2017-86107-R-HEARCODE to IVN. AGM holds an FPU
fellowship (FPU16/03308; MECD), BC held a Marie Curie contract and LR-dR has a contract supported by
CIBERER (Institute of Health Carlos III).
References
1.
Rodríguez-de la Rosa L et al. 2017. Front Aging Neurosci; 12;9:411.
2.
Camarero G et al. 2001. J Neurosci; 1;21(19):7630-41.
3.
Hakuno F. and Takahashi SI. 2018. J Mol Endocrinol; 61(1):T69-T86.
4.
Kalinec GM et al. 2003. Audiol Neurootol; 8(4):177-89.
PD 34.7 Transcriptomic Drug Screening Identifies Niclosamide, an FDA-Approved Drug Against
Cisplatin-and Noise-Induced Hearing Loss
Sarath Vijayakumar
Creighton University School of Medicine
Background
Acquired hearing loss due to chemotherapy and noise exposure is a major health problem affecting millions
of people worldwide. Cisplatin is one of the most effective platinum-based chemotherapeutic agents for the
treatment of various types of malignancies, including head and neck, ovarian, and lung cancer. Despite its
efficacy, cisplatin treatment often causes permanent drug-induced hearing loss from damage to the inner ear
sensory cells and neurons. Noise-induced hearing loss is the second most common form of sensorineural
hearing impairment, after presbycusis. However, there are no FDA-approved drugs for the treatment of
cisplatin- or noise- induced hearing loss creating an imperative need for new treatments to diminish the
ototoxicity of these insults.
Methods
We derived a cisplatin-resistant transcriptome profile from 15 cancer cell studies and conducted a highthroughput in silico screen for over 4,000 compounds using the L100CDS2 small-molecule database. Of 500
hits that we identified to be associated to cisplatin resistance, we further tested 42 top compounds in HEI-OC1
and zebrafish models to determine dose-response curves. Our top-hit compound niclosamide had a low IC50
and high efficacy in both models. Niclosamide
was then tested in an FVB mouse model exposed to 30 mg/kg of cisplatin, and ABR and DPOAE was
recorded. Additionally, we assessed the otoprotective effect of niclosamide against 2-hour exposure to 100 dB
SPL 8-16 kHz octave band noise in FVB mouse model of noise-trauma.
Results
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Our in silico screen revealed over 500 small-molecule hits, with 42 of those compounds having an overlap
score of 10% with the cisplatin-resistant phenotype. Dose-response curves and IC50s of each compound were
then measured in an HEI-OC1 cell model. Our top-hit candidate niclosamide demonstrated both full protection
and low IC50 (171 nM). Additionally, our zebrafish screen of these 42 compounds revealed niclosamide is
efficacious against cisplatin-induced neuromast damage. After treatment with 30 mg/kg of cisplatin,
niclosamide when injected IP at 10 mg/kg, demonstrated significant protection against cisplatin-induced
hearing loss in adult FVB mice (~20 dB protection at 8, 16, and 32 kHz frequencies). Additionally, when the
same dose was administered prophylactically niclosamide significantly reduced the permanent threshold shifts
after noise-trauma by ~20 dB at octave-step frequencies tested in 8-64 kHz range in the drug treated group
when compared to the vehicle treated group. Preliminary results based on cochlear immunoblots suggest that
niclosamide modulates multiple signaling pathways. Studies are ongoing to delineate the possible mechanism
of action for niclosamide’s otoprotection.
Conclusions
Niclosamide has demonstrated protection against both noise and cisplatin ototoxicity in multiple models. As
a repurposed FDA-approved drug, we see potential for expedition through the FDA-approval process and
entry into clinical trials for both cisplatin- and noise-induced ototoxicity. This work was supported in part by
NIH-R01DC015444, NIH-R01DC015010, 1R43DC018762-01, USAMRMC-RH170030, ONR-N00014-181-2507, and LB692/Creighton.
PD 34.8 Influence of Mitochondrial Homeostasis on Mechanically Induced Hair-Cell Damage and
Synapse Loss in the Zebrafish Lateral Line
Melanie Holmgren
Washington University in St. Louis
Background
Sensory hair cells rely on mitochondria to produce enough energy to meet the high metabolic demands of
mechanotransduction and synaptic transmission, as well as contribute to the homeostatic control of
intracellular Ca2+. Overstimulation of hair cells, such as by noise, is particularly stressful to hair-cell
mitochondria. Mitochondrial Inner Membrane Protein 17 (Mpv17) functions as a non-selective channel and
plays a role in maintaining mitochondrial homeostasis. We have previously demonstrated a model with which
we can mechanically overstimulate zebrafish lateral-line hair cells and found that mpv17 (-/-) mutant hair cells
were more vulnerable to morphological disruption than their wild-type siblings. We also observed mpv17 (-/) mutant hair cells displayed significantly elevated levels of ROS, indicating impaired mitochondrial function.
Methods
To determine the role of mitochondrial homeostasis on hair-cell synapse integrity, we surveyed synapse
number in mpv17 (-/-) mutants and wild-type siblings as well as the sizes of presynaptic ribbons and
postsynaptic densities following mechanical overstimulation.
Results
We observed overstimulated mpv17 (-/-) lateral-line organs lost more hair cells, yet lost fewer synapses per
hair cell relative to wild-type. We also quantified the sizes of hair cell pre- and postsynaptic structures, and
observed significantly enlarged wild-type postsynaptic densities, yet relatively little change in the size of
mpv17 (-/-) postsynaptic densities following stimulation. Additionally, mpv17 (-/-) mutant hair cells at rest
showed significantly reduced uptake of the dye FM1-43, indicating smaller resting mechanotransduction
currents.
Conclusions
These results suggest hair-cell mitochondrial activity influences susceptibility to mechanically induced
damage to lateral line organs and may provide insight on mechanisms of noise-induced hair-cell damage.
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3:00 p.m. - 5:00 p.m.
Podium 35: "Auditory Cortex and Auditory Perception"
Moderators: Dr. Ariel Hight and Dr. Kath Wood
Category: Auditory Cortex: Anatomy, Physiology & Function
PD 35.1 Auditory Cortex Responses Are Enhanced During Social Learning
Nihaad Paraouty
New York University - Center for Neural Science
Background
The acquisition of new skills can be facilitated by social experience, typically studied by exposing a naïve
animal to a conspecific that is performing a well-defined behavior. In a previous study (Paraouty et al., 2020),
we showed that naïve gerbils acquired a sound discrimination task significantly faster when exposed for five
days to a demonstrator gerbil that was performing the task. In fact, facilitation of learning occurred even when
observer and demonstrator were separated by an opaque divider, suggesting that observers were learning
auditory cues. Here, we asked whether such social learning is associated with changes to auditory cortex (AC)
processing.
Methods
To test whether AC is necessary for social learning, naïve gerbils received bilateral infusions of an agent that
blocks activity (muscimol) in AC during exposure to the demonstrator gerbil. Demonstrators performed an
amplitude modulation (AM) discrimination task, using an appetitive Go-Nogo procedure. Following 5 days
of exposure, naïve observer gerbils practiced the AM task without any drug infusion. To test whether AC
neuron coding properties were modified during social learning, 64-channel silicon probes were chronically
implanted in AC, and wireless recordings were obtained from freely moving naïve gerbils during the exposure
sessions, as well as during subsequent practice sessions.
Results
Naïve gerbils that received bilateral AC infusions of muscimol during exposure to the demonstrator required
a significantly greater number of days to learn the Go-Nogo discrimination task, as compared to saline-infused
controls. In separate experiments, electrophysiological recordings from single AC neurons revealed significant
changes in firing rate responses to the Go and Nogo stimuli across exposure days. Furthermore, using a spike
pattern classifier, we computed a neural d’ value for each AC neuron during the exposure sessions. To assess
whether learning-induced changes occurred during the exposure sessions, we compared neural d’ values
during early exposure sessions to those in late exposure sessions. For the majority of AC neurons, the neural
d’ values improved across exposure sessions.
Conclusions
Together, these results suggest that exposure to a demonstrator performing a sound discrimination task is
causally linked to social learning and is associated with AC neuron plasticity. It is therefore plausible that such
changes in coding properties of AC neurons may support the social facilitation of learning.
PD 35.2 Contextual Sensitivity of Auditory Cortical Neurons Remains Stable Across Days of
Recording in Awake Mice
Marios Akritas
UCL
Background
Perceptual salience of sounds depends on the acoustic context in which they appear. Neural correlates of this
contextual sensitivity can be investigated using nonlinear-linear “context models” of neuronal responses to
complex sounds (Williamson et al. 2016 Neuron). Context models capture the spectrotemporal sensitivity of
a neuron in a “principal receptive field” (PRF) and its sensitivity to local acoustic context in a “contextual
gain field” (CGF). The CGF provides a compact description of how the responsiveness of the neuron depends
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on sound combinations, such as pairs of tones occurring at different frequencies and/or times. Previous studies
of CGF and PRF structure have revealed strong neuron-specific patterns of nonlinear contextual sensitivity
modulating linear spectrotemporal tuning in auditory cortical neurons of anaesthetized mice.
Methods
To investigate the stability of CGF and PRF structure in awake animals, we obtained 514 spike-sorted
recordings (315 single-unit, 199 multi-unit) from core auditory cortex in 4 awake male mice, during repeated
presentations of dynamic random chord stimuli over multiple days. Adapting a previously developed method
(Tolias et al. 2007 J Neurophysiol), we matched spike waveforms across recording sessions to identify 76
unique units recorded over at least 2 days.
Results
We quantified stability of CGFs or PRFs within and between days by calculating the alignment of their
estimates from different recording sessions using the normalized dot product. Stability was only slightly lower
between days than within a recording session and declined only modestly across additional days. For example,
median CGF stabilities within day 1, between days 1&2, and between days 1&5 were 0.75, 0.75 and 0.57;
corresponding PRF values were 0.91, 0.85 and 0.85. Histograms of both average change and average absolute
change in alignment per day were strongly peaked near zero for CGFs as well as for PRFs.
Conclusions
We conclude that contextual sensitivity is an essential and stable feature of the neural code in auditory cortex
of awake animals. In ongoing work, we are examining how contextual sensitivity of auditory cortical neurons
is affected by the animal's behavioural state.
PD 35.3 Effects of Intermodal Attention in Primary and Secondary Auditory Cortex
Jennifer Mohn
University of California, Davis
Background
Our sensory systems are constantly receiving an immense amount of information that must be quickly
evaluated in order to interpret and interact with our environment. This can necessitate shifting attention
between sensory modalities in order to focus on the most relevant stimuli to the current behavioral goals. How
the encoding of sensory information may vary under particular modality demands, remains unclear.
Methods
To investigate the neural mechanisms underlying this attentional shift, we recorded single-unit activity in
primary (A1) and secondary (ML) auditory cortex from two monkeys as they performed an intermodal
attention task. The animals were presented with audio-visual stimuli and were required to switch between
performing an auditory task and a visual task. The auditory task was amplitude modulation (AM) frequency
discrimination, where AM frequency was easily differentiated and fixed (within a session) but AM depth was
varied across the animals’ perceptual range. The visual task was random-dot motion direction discrimination,
difficulty matched to the auditory task for each animal. Additionally, unimodal blocks of trials were presented
to control for the possible effects of a distracting stimulus on encoding and discriminability.
Results
We used signal detection theory metrics (ROC area) to evaluate the neural discriminability of AM frequency
by both rate- and temporal-based measures. We found neurons in both areas with activity that was significantly
modulated by attentional context. Additionally, we found a population of neurons in ML, but not A1 with
significantly higher firing rates during the visual-only stimulus blocks.
Conclusions
This suggests that behavioral context may have a larger effect on neural responses in ML than A1.
PD 35.4 Emergence of Stream Segregation in Neural Responses in Ferret Auditory and Frontal
Cortices
Neha Joshi
University of Maryland, College Park
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Background
This study concerns the neural mechanisms involved in the perceptual segregation of sound sources, a process
that appears effortless in humans and animals despite its complexity. Since the ferret frequency range of
hearing encompasses the human range, and their auditory cortical responses have demonstrated complex
spectrotemporal representation of sound, ferrets are an excellent animal model for phoneme discrimination.
They can be behaviorally trained to differentiate “target” words (trisyllabic sequences) from various
alternative “reference” words.
Methods
In this study, ferrets learned to attend to a unique target speaker’s voice and to respond to a specific trisyllabic
sequence target (speech-like “word”) only when uttered by a specific target speaker, using a conditioned
avoidance Go/No-Go behavioral paradigm. Ferrets successfully performed this word recognition task (in the
presence of other non-target trisyllabic words) in a 1-speaker context, and also demonstrated speech
segregation by learning to reliably detect the same target word uttered by speaker 1, in a complex 2-speaker
scene with overlapping words (including the target trisyllabic sequence) uttered by the second speaker. We
recorded neuronal activity of quietly listening and task-engaged ferrets in the 1-speaker and 2-speaker contexts
in the primary and secondary auditory cortices (A1, n = 127, PEG, n = 78 neurons), and also in the dorsal
frontal cortex (dFC, n = 54 neurons).
Results
Neurophysiological evidence from our recordings in the auditory cortices suggests that there is differential
processing in the frequency domain of the target speaker compared to the unattended speaker during active
task engagement, even in A1. We observed complete suppression of neural responses in the speaker-specific
frequency regions of the interfering speaker in the behaving animal, but not in the passively listening animal.
This suppressive effect built up as the trail progressed. Responses in dFC also showed attention-modulated
differential processing, where responses to the target word spoken by the attended speaker became
considerably enhanced relative to responses to the reference words during attention in a single talker and
multi-stream scenario. In dFC, suppression of responses to the interfering speaker occurred at the level of
average peri-stimulus time histograms within the temporal domain upon deviation from the target syllable
sequence.
Conclusions
These results demonstrate that neurons in the auditory and frontal cortices encode words selectively depending
on learning and attentional context, indicating that in this task the animal suppresses target syllables based not
only on their syllabic sequence identity but also on their vocal source. The findings from this behavioral
neurophysiological study help us better understand the role of attention and underlying neural mechanisms in
the emergence of stream segregation in multi-speaker environments and provide valuable insight into preprocessing of ignored and attended speech during auditory scene analysis.
PD 35.5 Evidence for Multiple Mechanisms of Top-Down Suppression in Auditory Cortex During
Marmoset Vocalization
Steven Eliades
University of Pennsylvania School of Medicine
Background
Vocal communication requires auditory self-monitoring of our vocal output to ensure accurate production.
During both human speech and animal vocal production, there is a prominent vocalization-induced
suppression of activity in the auditory cortex, thought to reflect the comparison of sensory feedback with
expected vocal acoustics. However recent evidence has also suggested a non-specific suppression of auditory
responses during more general motor tasks, like locomotion. This raises a question about the existence of
multiple sources and mechanisms of auditory cortical suppression during vocalization.
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Methods
Here we investigated the possibility of multiple, separable top-down motor inputs by examining temporal
response patterns in the auditory cortex of vocalizing marmoset monkeys, focusing on marmoset ‘twitter’
calls, vocalizations with multiple individual phrases. We recorded multiple neurons in the auditory cortex for
freely moving marmosets while the animals’ produced self-initiated vocalizations. We analyzed responses
during twitter vocalizations, separating out activity during the phrases and the inter-phrase intervals.
Results
We found the presence of two components of vocalization-induced suppression. The first was a tonic
suppression that began prior to vocal onset and persisted across the duration of vocal production. The second
was a phasic component that occurred only during individual vocal phrases, was more selective in the neurons
affected, and was sensitive to perturbations in vocal feedback.
Conclusions
The separability of these two components suggests the possible presence of two distinct mechanisms of vocal
suppression: a more tonic inhibition consistent with a non-specific vocal corollary discharge, and a phasic
inhibition consistent with an efference copy that relays specific predictions about expected sensory feedback.
These results have important implications about the mechanisms of top-down sensory prediction in the
auditory system.
PD 35.6 Visually Influenced Neurons in Primary Auditory Cortex of Awake Cats
Xiaohan Bao
McGill University
Background
Deaf subjects are identified to have enhanced visual abilities compared to hearing subjects. It is hypothesized
that such behavioral compensation is provided by functional reorganization, in which auditory cortex,
deprived of normal acoustic input, is cross-modally reorganized to process visual information. To evaluate
changes in auditory cortex following hearing loss, it is necessary to examine visual influences in auditory
cortex prior to hearing loss.
Methods
Therefore, adult hearing cats were trained to make 5-sec visual fixations while multi-unit spikes from A1
neurons in response to auditory and/or visual stimuli were recorded from a 32-channel chronically implanted
electrode array.
Results
The data show that, while responses driven solely by visual stimuli were not observed, visual modulation of
auditory responses occurs frequently. More recording sites displayed visual suppression than facilitation. This
modulation depended on both frequency of the auditory stimulus and audiovisual temporal disparity. The
temporal pattern of audiovisual interaction demonstrated periodicity at a selective range of cycle rates (e.g.
10-Hz oscillation), which has been previously reported in auditory-somatosensory and audiovisual
interactions in macaque A1.
Conclusions
Furthermore, our findings on visually modulated neurons in hearing A1 are consistent with reports of
recordings in anesthetized ferrets or awake macaques. Next, we plan to examine if visual responses and visual
modulation of auditory inputs occur in A1 of awake deaf cats.
PD 35.7 Simple Temporal Traits Are Represented Orthogonal to the Tonotopic Axis in Guinea Pig A1
Peter Baumhoff
Hannover Medical School
Background
The mammalian brain accesses the spectro-temporal traits of complex sounds. It combines those into
behaviorally meaningful information. The primary auditory cortex is characterized by a tonotopic gradient in
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all species investigated so far, but it remains unclear which feature is represented orthogonally to the tonotopic
axis. Here we studied this representation in guinea pigs.
Methods
We used surface electrode arrays (ECoGs, 16 channels) to record local field potentials (LFPs) from the
primary auditory cortex of Hartley guinea pigs (N=4). The stimuli were clicks (50 µs, 0-90 dB SPL pe) pure
tones (1-32 kHz, 4st./oct., 0-80 dB SPL), and click trains (thr.+30 dB, 10-320 Hz, 4st./oct.). All signals were
stored with a sampling frequency of 25 kHz. The tonopopic gradient of the primary auditory cortex (A1) was
reconstructed from the LFP signals. The LFP responses to click trains were analyzed by calculating vector
strength of response maxima, cross correlations with the stimulus shape, LFPs per stimulus (period sums),
and periodograms of the responses. The data were used to reconstruct surface maps for the representations of
both spectral and temporal information in A1.
Results
The tonotopic gradient within A1 could be reconstructed from LFP data in all cases. A rostro-caudal
progression from low to high frequencies is apparent from the recordings. The axis is tilted dorso-ventrally.
An inversion of the frequency gradient signified the border between A1 and the dorso caudal field (DC). All
LFP responses to click trains had a low-pass characteristic, i.e. the synchronization with the stimulus dropped
sharply for high repetition rates. Measures of LFP synchronization revealed gradients in dorso-ventral
direction. They were angled relative to the tonotopic axis by 60° to 90°. The highest repetition cut-off
frequencies for vector strength, cross correlations, and periodograms ranged from approx. 100 Hz to above
200 Hz for period sums. High repetition cut-offs were represented at the dorso-caudal border of A1, with the
exception of the period-sum analysis that found the highest values in a ventro-rostral area.
Conclusions
The results of this study suggest the presence of a temporal processing gradient in the guinea pig A1. It
traverses the tonotopic gradient. The antidromic gradients for mainly synchronization based (periodograms,
vector strength, cross correlation) and mainly response strength based (period sums) measures potentially
indicate a switch from synchronization code to rate code along the temporal processing axis. The findings
presented here enable us to study the processing of degraded temporal structure in the guinea pig model in a
next step.
WK received funding from a MHH HiLF scholarship and AK was supported by the Cluster of Excellence
Hearing4All (DFG Exc. 2177).
PD 35.8 Morphometric Analysis of Feline Auditory Cortex – an Effect of Experience
Peter Hubka
Hannover Medical School
Background
Development of the structure and function of cerebral cortex is initially driven by genetic factors and
subsequently refined by spontaneous and experience-related neuronal activations. Recently, a considerable
progress was achieved in the understanding of genetic substrates which governs development of the cortical
morphology. An effect of experience on the morphologic characteristics of the cortical structure is, however,
not well understood yet. Here we propose a complex morphometric approach to quantify characteristic
structural properties of the feline temporal cortex (auditory and surrounding areas). We assess an effect of
experience on the cerebral cortex structure by comparing morphometric parameters of normally hearing and
congenitally deaf cats.
Methods
The morphology of the cerebral cortex was evaluated by 7T magnetic resonance imaging (MRI; Bruker, USA)
of feline brains that were extracted after transcardial whole-body perfusion and PFA fixation of the animals.
The cerebral cortex was subsequently segmented from MRI scans using 3D Slicer software
(http://www.slicer.org). After segmentation, a 3D model of the cortical ribbon was constructed.
Morphometric parameters such as folding index, surface curvature, cortical area and volume were computed
from this model. Additionally, cortical thickness was computed through diffeomorphic registration of the
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gray-white surface with the pial surface. To assess general morphology of the feline temporal cortex,
distributions and dependences of the morphometric parameters were evaluated. The described procedure was
tested in the MRI images of the cats with different degree of auditory experience during development
(normally hearing, congenitally deafness and single-sided deafness).
Results
We have developed and tested a framework for morphometric evaluation of the complex characterization of
the cerebral cortex morphology in 3 dimensions. The extracted parameters enable a statistical comparison
between the cortices in the animals with different degree of auditory experience and are thus suitable for a
comparison of effects of developmental auditory experience on the architecture of the auditory cortex.
Conclusions
In the present study, we have proposed a quantitative comprehensive cortical mapping framework for
analyzing structural changes of auditory cortex in developmental disorders. It can result in identification of
novel structural biomarkers, which will enhance interpretation and informative value of noninvasive imaging
techniques used in clinics.

3:00 p.m. - 5:00 p.m.
Podium 36: "Cochlear Synaptopathy & Auditory Nerve Function,
New Insights"
Moderators: Dr. Sarah Verhulst and Dr. Kenneth Henry
Category: Auditory Nerve
PD 36.1 Age-Related Reduction in Frequency-Following Responses and Its Connection to Peripheral
Neural Degeneration
Jonatan Märcher-Rørsted
Technical University of Denmark
Background
Previous studies have reported an age-related reduction in frequency-following responses (FFRs) in listeners
with clinically normal audiometric thresholds. This has been argued to reflect an age-dependent decline in
neural synchrony in the central auditory system. However, age-dependent degeneration of auditory nerve (AN)
fibers may have little effect on audiometric sensitivity and may yet affect the suprathreshold coding of
temporal information. This peripheral loss of temporal information may not be recovered centrally and may
thus also contribute to reduced phase-locking accuracy in the auditory midbrain. Here, we investigated
whether age-related reductions in the FFR could, at least in part, reflect age-dependent peripheral neural
degeneration.
Methods
Ten young and ten older normal-hearing listeners participated in the study. FFRs to cosine frequency sweeps
in the range from 0.2 to 1.2 kHz as well as to static pure-tone stimuli at mid (706 Hz) and lower (326 Hz)
frequencies were measured to explore the frequency-dependent neural coding at brainstem level in these two
age groups. Additional measures potentially related to AN degeneration, such as the strength of the middleear muscle reflex (MEMR) and extended high-frequency audiometry, were also evaluated. The experimental
electrophysiological data were compared to the output of a phenomenological model of the AN presented with
the same stimuli. To explore the possibility of a reduction of synchronous activity with AN degeneration,
model outputs with different degrees of AN loss were investigated. To investigate potential effects on the FFR
due to of high-frequency outer hair cell (OHC) loss typically seen in aging listeners, we impaired the AN
model to match age-normal sensitivity loss profiles.
Results
A reduction in the FFR response in the older listeners was found across stimulation frequencies for both sweep
and static pure-tone stimulation. Older listeners also showed significantly shallower MEMR growth level
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functions compared to the younger listeners, which could indicate a loss of low spontaneous rate fibers in the
AN. Despite having clinically normal audiometric thresholds, the older listeners had significantly reduced
sensitivity at frequencies above 8 kHz compared to the young group. The computational simulations suggested
that such experimental results can be accounted for by neural degeneration already at the stage of the AN
whereas a loss of sensitivity due to OHC dysfunction at higher frequencies could not explain the observed
reduced FFR in the older listeners.
Conclusions
Age-related reductions in the FFR were observed across frequency. These results could, at least in part, reflect
an age-dependent neural degeneration in the cochlea. The model results support the idea that reduced neural
synchronization at the level of the brainstem could be influenced by peripheral neural degeneration even
without central desynchronization. Based on age-normal sensitivity loss profiles, the modeling suggests that
OHC loss cannot account for the observed experimental data.
PD 36.2 An Encoding-Decoding Method for Studying Cochlear Synaptopathy
Jiayue Liu
Duke University
Background
Over the past decade, ‘hidden hearing loss’ – hearing difficulty in noisy environments, seemingly without
accompanying audiometric threshold shifts – has inspired a wealth of research, including what and how
morphological changes in the auditory periphery might give rise to this phenomenon. For example, the
stochastic undersampling model (Lopez-Poveda & Barrios, 2013) suggests that auditory deafferentation can
potentially introduce internal noise in the subsequent auditory processing stages. However, the parameters
used in the original stochastic undersampling model don’t capture the complexity of physiological response
characteristics, thus leaving unclear the quantity of information conveyed by the auditory nerve fibers. Here,
we propose a physiologically more realistic encoding-decoding method that extends the stochastic
undersampling model to study the perceptual consequences of auditory nerve fiber loss.
Methods
Stochastic undersampling is an encoding model of the auditory periphery; it models each auditory fiber as a
sampler, which samples the input sound at its own stochastic rate, and the loss of auditory nerve fibers is
mimicked by specifying the number of samplers. In our study, half-wave rectification, refractoriness, and three
auditory nerve fiber types (low, medium, and high spontaneous rate) are added to the original stochastic
undersampling model to better mimic the actual information transmission in the peripheral auditory pathway.
In addition, a stimulus reconstruction is used to decode the modelled auditory nerve fiber responses back to
an audio signal. This reconstruction contains a spectral energy map (Mesgarani et al., 2009) and a phase
extraction process. Our encoding-decoding method explicitly models auditory nerve fiber (type) loss within a
more realistic physiological setting, which allows us to relate the level of fiber loss to auditory perceptual
changes in human listeners.
Results
We conducted a pure tone (250, 1000, 4000 Hz) in noise detection task and a hearing in noise task via MTurk.
The noise was white noise fixed at 65 dB SPL, and the speech material was HINT sentences. The sounds used
in these two tasks are degraded using the encoding-decoding model, implementing three different levels of
auditory nerve fiber loss (0, 90, 99%). Preliminary results indicate that the pure tone detection threshold in
noise increases with a decrease in the number of fibers. However, the overall threshold shift is larger from
90% to 99% fiber loss than from 0% to 90% fiber loss. Analysis of the speech reception task is still ongoing.
Conclusions
In conclusion, our model combines detailed physiological responses with the stochastic undersampling model
and thereby creates a more realistic computational model which can be tested in human listeners. Our
encoding-decoding method enables artificial introductions of lesions in the peripheral auditory pathway (e.g.
selective frequency, or fiber type loss) and thus can benefit the study of auditory pathology and cochlear
implants.
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PD 36.3 Can Spectro-Temporally Modulated Signals be Used to Assess the Contribution of
Synaptopathy to Speech-in-Noise Intelligibility Deficits?
Emmanuel Ponsot
Ghent University
Background
Difficulties in understanding speech-in-noise (SPiN) cannot only be explained by the loss of cochlear outerhair cells (OHC) monitored with audiometric measures, since individuals with normal audiograms also suffer
from these problems. Among other potential deficits arising in subsequent stages of the auditory system,
synaptopathy, i.e. damage to the synapses connecting cochlear inner hair cells to the auditory nerve (AN), is
thought to play an important role. However, current attempts to assess the role of synaptopathy for SPiN
intelligibility differences among listeners with similar audiograms have led to mixed results. One explanation
for these discrepancies relates to the different types of stimuli that were used to quantify the two measures in
the relationship: synaptopathy diagnosis is made on the basis of amplitude-modulated tones whereas SPiN
intelligibility is assessed using speech material. To align both measures more optimally, it is critical to evaluate
synaptopathy with supra-threshold stimuli (i) that resemble speech, i.e. that contain variations along both
spectral and temporal dimensions in similar frequency regions, and (ii) that can quantify the respective
contributions of OHC damage and AN deficits.
Methods
Here, we investigate whether spectro-temporal modulation (STM) signals – noise carriers whose envelope is
jointly modulated in time and frequency as a tractable and parameterized model of speech formants – can
overcome this challenge and be used for synaptopathy diagnosis and SPiN deficit assessment. We tested this
idea by investigating how STM stimuli are encoded at the level of the AN and how this neural code is affected
by different hearing deficits. We simulated population AN responses to a variety of STM signals (spectral and
temporal modulations in the range crucial for speech intelligibility; noise carriers in low [250Hz-1kHz] or
high [1-4kHz] frequency regions) using a biophysical model of the auditory periphery. We simulated different
hearing profiles with different amounts and combinations of OHC loss / AN deficits.
Results
The simulations show that STM stimuli with carriers in different frequency regions produce distinguishable
AN response patterns depending on the deficit type. By contrasting responses to different STM signals, it is
theoretically possible to tease apart the respective contributions of OHC deficits / synaptopathy.
Conclusions
Overall, this modelling work sheds further light on the complex neural code of STM signals and shows how
the different types of information carried by these signals (envelope, temporal fine structure) are affected by
different hearing deficits. Together, these results suggest novel behavioural and electrophysiological proxies
of synaptopathy to optimally assess its contribution to SPiN intelligibility deficits, which remains to be tested
experimentally.
Work supported by Fondation pour l’Audition (FPA-Ponsot) and European Research Council (ERC-StG678120, RobSpear).
PD 36.4 Histopathological Correlates of Auditory-Nerve Damage From Kainic Acid in the Budgerigar
John L. Wilson
University of Rochester School of Medicine & Dentistry
Background
Sensorineural hearing loss involving damage to hair cells and auditory-nerve afferent neurons affects millions
of individuals worldwide, with significant consequences for interpersonal communication and quality of life.
While hair-cell damage is readily detectable with the audiogram, detection of auditory-nerve damage (or
cochlear synaptopathy) has remained a major clinical challenge. Auditory-nerve damage progresses steadily
with increasing age and sound overexposure and has been proposed to cause ‘hidden hearing loss’ associated
with perceptual difficulties in noise. Prior work in our laboratory has used intracochlear kainic-acid infusions
in budgerigars (Melopsittacus undulatus) to produce an animal model of auditory-nerve loss, as part of an
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ongoing effort to characterize the impact of this prevalent pathology on complex-sound perception. Kainicacid infusions in budgerigars caused permanent, 40-70% reduction of compound auditory-nerve responses
and wave I of the auditory brainstem response, consistent with substantial auditory-nerve loss. Envelope
following responses are also reduced across a wide range of stimulus modulation frequencies. However, the
histopathological changes associated with these electrophysiological changes remain unknown.
Methods
Histological analyses of both cochleae were performed in control animals and those with unilateral or bilateral
damage from kainic acid to asses histopathological changes caused by the infusion. Cochleae were processed
using standard immunohistochemical techniques as frozen transverse sections to quantify the impact of kainicacid exposure on hair cells and auditory-nerve afferent neurons.
Results
Several commercially available antibodies were identified to label hair cells and neural elements in the
budgerigar cochlea. Antibodies were against Myosin VIIa for labelling hair cells, beta-III tubulin for labeling
neuron cell bodies in the auditory-nerve ganglion, myelin basic protein for labeling afferent nerve fibers, and
CtBP2 for labeling hair-cell synaptic ribbons (a component of the afferent AN synapse).
Conclusions
Comparison of results between cochlea from control and kainic acid-exposed cochleae using confocal
microscopy will verify the specific anatomical changes underlying diminished auditory-nerve responses in the
budgerigar model of auditory-nerve loss. Further, behavioral studies in this animal model, which shows
human-like behavioral sensitivity to many simple and complex sounds, hold promise to identify the aspects
of auditory perception impacted by this common pathology. This research was supported by grant R01DC017519 from NIDCD.
PD 36.5 Predicting Synapse Counts in Living Humans by Combining Computational Models With
Auditory Physiology
Brad Buran
Oregon Health & Science University
Background
Approximately 40% of human cochlear synapses are lost by 50 years of age. Cochlear synaptopathy is
predicted to result in perceptual deficits including tinnitus, hyperacusis, and difficulty understanding speechin-noise. However, there is currently no method for diagnosing synaptopathy in living humans. Without a
means of diagnosing synaptopathy, we cannot conclusively determine if noise-induced synaptopathy occurs
in humans, identify the perceptual consequences of synaptopathy, or test potential drug treatments.
The auditory brainstem response (ABR) wave I amplitude is a non-invasive physiological measure shown to
be sensitive to synaptopathy in animal models. However, wave I amplitude alone is insufficient to detect
synaptopathy in individual human subjects. This is, in part, due to the likelihood of outer hair cell (OHC)
damage co-existing with synaptopathy in humans with sensorineural hearing loss. Thus, a diagnostic assay
based on noninvasive auditory evoked potentials must be able to account for OHC dysfunction. An existing
computational model of the auditory periphery (CMAP; Verhulst et al. 2018) can predict distortion product
otoacoustic emissions (DPOAEs) and ABRs for any combination of OHC and synaptic loss.
Methods
Using Bayesian regression analysis to fit the Verhulst CMAP, synapse counts were predicted from measured
ABR and DPOAE data for individual subjects in a sample of 74 young military Veterans and non-Veterans
with normal audiograms. The model was fit in two stages. First, a machine learning approach was used to
adjust cochlear tuning given measured DPOAEs, thereby creating a DPOAE-adjusted CMAP for each subject.
Simulated DPOAEs generated using the DPOAE-adjusted CMAPs closely matched measured DPOAEs.
Second, the DPOAE-adjusted CMAP for each subject was used to generate simulated ABR responses to 3, 4,
and 6 kHz toneburst stimuli for low, medium and high spontaneous rate auditory nerve fibers (ANFs)
distributed uniformly along the tonotopic axis of the human cochlea. The average number of ANFs per IHC
along the length of the cochlea (i.e., a synaptogram) was modeled as a parabola with priors for the coefficients
derived from human temporal bone synapse counts (Wu et al. 2019).
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Results
Predicted synapse counts show the expected relationships with synaptopathy risk factors and predicted
perceptual consequences. Groups with higher noise exposure histories have lower predicted synapse counts
than controls, consistent with noise-induced synaptopathy. Report of tinnitus, a predicted consequence of
synaptopathy, is also associated with lower synapse counts. In addition, although not statistically significant,
lower predicted synapse counts are weakly correlated with poorer speech-in-noise perception, another
expected impact of synaptopathy.
Conclusions
These results illustrate the feasibility of this modeling approach and demonstrate the utility of a model that
reduces multiple sources of information, including DP-grams and ABRs measured at multiple levels and
frequencies, into a single synaptogram.
This work was supported by VA RR&D C1484-M/C2104-W/C9230-C, NIDCD R21 DC01696, and ERC
678120.
PD 36.6 Representation of Voice Pitch in Discharge Patterns of Auditory-Nerve Fibers Following
Noise-Induced Hearing Loss
Satyabrata Parida
Purdue University
Background
Pitch plays an important role in everyday communication, including speech and music perception. Broadly
speaking, pitch is encoded in two neural mechanisms: (1) temporal and (2) temporal-place. The temporal
mechanism is mediated by unresolved harmonics of the fundamental frequency (F0) in a stimulus. The
temporal-place mechanism is primarily mediated by resolved F0 harmonics. Psychoacoustic studies have
suggested that people with hearing impairment rely more on the temporal mechanism and less on the temporalplace mechanism to perceive pitch; however, these hypotheses have not been simultaneously tested
neurophysiologically.
Methods
Here we recorded spike trains from single auditory-nerve fibers of anesthetized male chinchillas with either
normal hearing or mild-moderate hearing loss due to acoustic trauma in response to a natural speech sentence.
Temporal pitch coding was evaluated using the spectrum of the alternative-polarity peristimulus time
histograms. Temporal-place pitch coding was evaluated using average-localized synchronized response and
cepstral analysis.
Results
Results showed an enhanced temporal representation and a degraded temporal-place representation of pitch
for the mild-moderate hearing-loss group.
Conclusions
Overall, these findings help to explain the neural basis for pitch perception in natural speech by people with
hearing impairment.
PD 36.7 Simulating the Human Compound Action Potential Elicited by Clicks and Amplitude
Modulated Carriers
Yousef Alamri
University of Utah
Background
The compound action potential (CAP) represents the summed electrical activity generated by synchronous
firing of auditory nerve (AN) fibers in response to sound. The CAP is an essential component of the electrical
response of the cochlea and is used in clinical and research settings to assess the sensitivity and neural
encoding of the auditory system to sound. Computational modeling of the CAP provides a vehicle for
evaluating possible neural coding mechanisms and relating such mechanisms to auditory perception. In this
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study, we simulated the human CAP measured from an electrode placed on the tympanic membrane. We
focused on simulating the morphology and level-dependence of click-evoked CAPs. In addition, we obtained
preliminary simulations for human CAPs evoked by amplitude-modulated (AM) sinusoids.
Methods
Model CAPs were obtained by convolving the peri-stimulus time histograms of an array of characteristic
frequencies (CFs) with the unitary response, which accounts for the transfer function of the system of tissues
and fluids between the AN and the recording electrode. Peri-stimulus time histograms were obtained from a
computational model of the auditory periphery that simulates middle ear filtering, cochlear nonlinearity (i.e.,
compression, suppression, level-dependent tuning), and neural adaptation. We incorporated the relative
contributions of high, medium, and low spontaneous rate AN fibers as well as the CF-dependent neural
innervation density along the cochlear duct. We predicted the effect of varying stimulus parameters (e.g.,
intensity, polarity) on the morphological and temporal aspects of the CAP observed in human subjects.
Results
For simulated CAPs evoked by 100-microsecond clicks, we found that the peak-to-peak amplitude of the CAP
increases while the latency of the CAP decreases with increasing click intensity. In addition, the first negative
peak narrows, and the following positive peak splits into two parts with increasing click level. These
morphological and temporal characteristics of the simulated CAPs are consistent with observations in human
data. Further, preliminary simulations of CAPs evoked by AM stimuli are overall consistent with data
collected from human subjects.
Conclusions
This modeling approach provides a first step to evaluating potential neural coding mechanisms revealed by
the human CAP. The evaluation of such mechanisms is essential to understanding cues that mediate auditory
perception. Our future work will expand the current simulations to evaluate the extent to which gain control
mechanisms, such as the medial olivocochlear reflex, classic firing rate adaptation, and dynamic range
adaptation contribute to the human CAP and the perception of AM sounds.
PD 36.8 The Envelope Following Response in Young Military Veterans Suggests Noise-Induced
Cochlear Synaptopathy
Naomi Bramhall
VA RR&D NCRAR
Background
Although several non-invasive physiological measures appear to be sensitive to cochlear synaptopathy in
animal models, including auditory brainstem response (ABR) wave I amplitude, the middle ear muscle reflex
(MEMR), and the envelope following response (EFR), human studies of these measures in samples that are
expected to vary in terms of the degree of noise-induced synaptopathy have resulted in mixed findings. One
explanation for the differing results may be differences in the type of noise exposure across studies. For
example, the synaptopathy risk for recreational noise exposures such as concerts, night clubs, and bars may
be much lower than the synaptopathy risk for military noise exposures such as firearms, artillery, and
explosions. We previously demonstrated that young Veterans reporting high noise exposure during their
military service show a reduction in ABR wave I amplitude and MEMR strength compared to non-Veterans
who have never used a firearm, consistent with animal models of noise-induced synaptopathy. If young
Veterans with a significant history of military noise exposure suffer from synaptopathy, animal studies suggest
that a reduction in EFR magnitude should also be observed among these individuals.
Methods
EFRs in response to a 4 kHz carrier tone modulated at 110 Hz were measured in young military Veterans and
non-Veterans with normal audiograms and robust DPOAEs. ABRs were measured in response to a 100 dB
peSPL 4 kHz toneburst. Wideband MEMRs were measured for a contralateral broadband noise elicitor. Selfreported noise exposure was assessed using the Lifetime Exposure to Noise and Solvents Questionnaire
(LENS-Q). Participants also completed a questionnaire that asked if they experienced frequent or constant
tinnitus.
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Results
Mean EFR magnitude was lower for Veterans compared with non-Veterans with minimal noise exposure and
no history of firearm use. Lower EFR magnitudes were associated with lower ABR wave I amplitudes and
weaker MEMR growth functions. The perception of tinnitus was also associated with lower EFR magnitudes.
Conclusions
The relationship between Veteran status and EFR magnitude in the context of a normal audiogram is consistent
with animal models of noise-induced cochlear synaptopathy. This suggests that EFR measurements may be
informative in human studies of synaptopathy. Positive relationships between EFR magnitude and both ABR
wave I amplitude and MEMR strength in this sample suggest that these three measurements are providing
similar information about synaptic/neuronal function in humans. In addition, the observed reduction in EFR
magnitude among Veterans reporting tinnitus confirms previous findings and adds support to the hypothesis
that some forms of tinnitus may be a perceptual consequence of cochlear synaptopathy.

3:00 p.m. - 5:00 p.m.
Poster Session 5
W1. Towards Universal Automated Classification of the Acoustic Startle Reflex With Machine
Learning
Aging
Ryan Longenecker1, Timothy Fawcett2, Joel Berger3, Alexander Galazyuk4, Merri Rosen5, Richard Salvi6,
Joseph Walton*2
1
Sound Pharmaceuticals, Inc., 2University of South Florida, 3University of Iowa Hospitals and Clinics,
4
Northeast Ohio Medical University, 5NEOMED, 6Center for Hearing and Deafness, State University of New
York at Buffalo
Background
The acoustic startle reflex (ASR), a robust, motor response to an intense auditory stimulus has been used as a
tool to assess psychophysiology in humans and animals for almost century in diverse fields such as
schizophrenia, bipolar disorder, hearing loss, and tinnitus. ASRs have been collected and assessed using
different metrics to quantify or detect the response resulting in considerable variability in ASR results from
different studies, laboratories and species.
Methods
To address this issue, we recently developed a machine learning model to automatically classify ASR
waveforms in mice (Fawcett et al., 2020). Startle waveforms from standard input/output function, and various
stimulus prepulse trials were manually classified as startles or non-startle for mice, rats, guinea pigs, and
gerbils. We also assessed several different modalities of startle including whole body startle response collected
by both piezoelectric transducers and load cell platforms. In addition, Pryor reflex startle responses commonly
observed in guinea pigs were also part of the data set. Machine learning algorithms were used to combine
startle-related features into a robust predictive model for each animal/modality and testing platform. Features
were extracted from each waveform, as well as, their respective power spectral densities and continuous
wavelet transforms. A universal set of features were obtained by generalizing the specific details (time and
frequency) allowing for “common features” across all animals/modalities. Features were then partitioned into
two sets (training and test) with repeated k-fold cross validation employed to help reduce overtraining to
specific subsets of data. Machine learning methods from different families of algorithms were trained using
the generalized features extracted from ASR waveforms from each individual animal/modality to predict an
ASR waveform to be a startle or non-startle. Individual models where then stacked to produce extremely
robust ensemble models for each animal/modality. Finally, the generalized features from each
animal/modality were combined into a universal machine learning model.
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Results
Startle waveforms between animals and modalities can differ dramatically which can lead to wide variety of
methods used to classify startles waveforms. Using the most critical extracted features of all of startle
waveforms across species and acquisition methods based on our previous machine learning study, we found
that our machine learning random forest algorithm could accurately classify ASR waveforms for each species
with greater than 97% accuracy. This machine learning classification procedure validated startle waveform
verification and dramatically improved consistency in detecting gap-induced and prepulse-induced inhibition
of the acoustic startle reflex in mice by lowering the variance of the raw startle data.
Conclusions
We have developed a universal startle waveform analysis that can be used by any laboratory utilizing the ASR
methodology. This machine learning based method will improve data reliability and translatability between
labs using startle reflex to assess auditory perception.
W2. Human Otopathology of Age-Related Ossicular Changes in Presbycusis
Aging
Prithwijit Roychowdhury*1, Melissa Castillo Bustamante1, Marc Polanik1, Elliott Kozin1, Aaron
Remenschneider1
1
Massachusetts Eye and Ear Infirmary
Background
Age-related hearing loss (presbycusis) is a prevalent condition. The cause of presbycusis is attributed to inner
ear dysfunction; however, little is known about age-related changes in the ossicular joints. Altered compliance
of ossicular joints may lead to high frequency conductive hearing loss that is not captured on standard
audiometry. Furthermore, age-related changes to the ossicular chain are poorly described. Herein, we
performed a length and volumetric analysis of the incudomalleolar joint (IMJ) and incudostapedial joint (ISJ)
in specimens from the National Temporal Bone Registry with audiometrically documented presbycusis to
describe age-related ossicular joint findings in presbycutic patients.
Methods
Specimens from the National Temporal Bone Registry with audiometrically documented presbycusis without
clear evidence of sensory, neural, strial, or mixed features were analyzed by light microscopy and included in
the analysis. Non pathologic specimens from individuals <45 years of age with normal hearing were included
as controls. Length measurements of the IMJ and ISJ were completed and volumetric measurements of the
IMJ synovial space were obtained after 3-dimensional reconstruction. All measurements were completed by
two researchers in ImageJ with good agreement.
Results
Twelve patients (22 ears) and ten controls (15 ears) were examined. Mean age for the presbycusis group was
76.3 ± 10.9 (Range 59-93) and 33.5 ± 9.38 (Range 19-45) for controls (p<0.0001). The IMJ length analysis
revealed an increase in the total (9.97 µm) and calcified (9.58 µm) cartilage along the surface of the incus in
presbycutic patients when compared to controls (p < 0.05). The ISJ analysis revealed smaller cartilage length
along the surface of the incus (31.4 µm) between the presbycutic patients and the controls, but this was not
statistically significant (p = 0.0729). In the volumetric analysis of the IMJ, there were no significant
differences in either the total IM volume or the synovial space volume alone.
Conclusions
Otopathological analysis revealed significant differences in the IMJ when comparing presbycutic patients to
the controls. The IMJ was narrower and revealed a greater degree of calcification in the presbycutic patients.
Taken together, these findings suggest that age-related changes occur within the ossicular joints. Further work
should explore whether functional effects occur as a result of observed otopathologic changes. Measurements
of middle ear impedance and high frequency conductive hearing as a function of age are necessary.
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W3. Use of RNAseq to Identify Early Biomarkers of ARHL
Aging
Dominic Cosgrove*1, Jacob Madison1, Daniel T. Meehan1, Grady Phillips2, Lauren Jacobs2, Diana Jarocki2,
Michael Anne Gratton2
1
Boys Town National Research Hospital, 2Washington University
Background
Presbycusis affects 33% of Americans over the age of 65 and 50% over 75. Metabolic presbycusis, based
upon strial pathology accounts for 25% of presbycusis, while a mixture of metabolic and sensory dysfunction
forms the basis for mixed presbycusis. To identify the early pathobiology of metabolic dysfunction in mixed
presbycusis, we performed RNA-seq using lateral wall RNA from 3, 12, and 24-month-old CBA/CaJ mice.
Methods
RNA was extracted from microdissected lateral wall mouse cochleae (3 mice per time-point) at 3, 12, and 24
months of age. RNA samples were processed by the Illumina NextSeq 550 platform. The resulting fastq files
were sent through a proprietary pipeline utilizing the Trimmomatic suite, and a 2-Pass STAR protocol
equipping the GRCm38 genome (mm10) from the National Center for Biotechnological Information (NCBI)
and a curated genomic regions file.
The aligned .bam files were processed with the featureCounts program of the Rsubread package from
BioConductor. Counts per million (CPM) values were derived from a list of curated genomic regions that
were synonymous with the Mouse Genome Index (MGI) and the NCBI, the same genomic regions file used
for alignment. The resulting 13731 genomic features were used to score the alignments in featureCounts.
CPM were then analyzed with the Gene Set Enrichment Analysis (GSEA) Software Package v4.0.3 from the
Broad Institute using the continuous mode with a Pearson Correlation Coefficient metric to discover linearly
expressed genes and gene sets from those which are provided in the software package. We chose the Pearson
model to visualize the genetic changes in a linear pathology of hearing loss over time.
Results
The results show: 1/ progressively reduced expression of transcripts encoding proteins involved in reduced Gprotein receptor signaling, reduced ligand-gated ion channel activity, 2/ reduced endothelial cell proliferation,
3/ elevated sodium phosphate symporter activity, 4/ positive regulation of gamma-interferon production, 5/
reduced angiogenesis, 6/ decreased expression of fibrillar collagens, and 7/ a progressive increase in
expression of genes regulating cell death. Additionally, many other pathways were progressively influenced
with aging but were related to aging in general vs. ARHL specifically.
Conclusions
This work shows molecular changes in gene expression in the lateral wall that predict structural and functional
deficits as early as 12 months of age-well before notable sensory cell loss. Minimally elevated ABR thresholds
and reduced EPs at 15 months suggest functional deficit in the lateral wall at15-months. A multitude of
pathways are progressively up- or down-regulated as a function of aging in the CBA/CaJ mouse lateral wall.
We expect that many of these will overlap with models of sensorineural presbycusis indicating pathways
related to aging, but not metabolically based ARHL. These early RNA changes may reflect points of
intervention that might prevent or attenuate pathologic changes.
W4. Rate Discrimination Training May Partially Restore Age-Related Temporal Processing Deficits
Aging
Samira Anderson*1, Lindsay DeVries1, Edward Smith1, Matthew Goupell1, Sandra Gordon-Salant1
1
University of Maryland

pg. 49

The Association for Research in Otolaryngology (ARO)
The 44th Annual MidWinter Meeting
Wednesday, February 24, 2021, U.S. Eastern Time Zone

Background
The ability to understand speech in complex environments depends on the brain’s ability to preserve the
precise timing characteristics of the speech signal. Temporal processing is known to decline with age, and this
decline is a factor in the older adult’s experience of communication difficulty in noisy backgrounds. This
study’s purpose is to evaluate the potential for improving temporal processing through the use of rate
discrimination training. A second purpose is to evaluate the extent to which perceptual learning on specific
rate discrimination tasks can be generalized to other temporal processing tasks and measures of speech
understanding.
Methods
A double-blind, randomized control design was used to assign young normal-hearing (YNH), older normalhearing (ONH), and older hearing impaired (OHI) listeners to one of three treatment groups: 1) experimental
(rate discrimination for 100-Hz and 300-Hz pulse trains, nine sessions), active control (tone detection in noise,
nine sessions), and passive control (no training). All listeners are seen for a battery of perceptual tests including
rate discrimination for 100-, 200-, 300-, and 400-Hz pulse trains, gap detection thresholds, gap duration
discrimination, and temporal rate discrimination. Recognition of sentences presented in quiet, babble noise,
reverberation, and in time-compressed form is measured. Auditory steady-state responses (ASSRs) are
recorded to the pulse trains used in the rate discrimination task. All listener groups are evaluated at four time
points relative to training: pre, post, one month, and six months.
Results
Data collected to date show significant improvement in rate discrimination thresholds for the trained
frequencies (100 and 300 Hz) across training groups, but there was a session × training group interaction
driven by a greater threshold improvement in the training group than in the active and passive control groups.
There was also a significant improvement in rate discrimination thresholds for the untrained frequencies (200
and 400 Hz), and there were no differences in the extent of improvement between training groups. ASSR
spectral energy significantly increased for 100 Hz and 200 Hz, but only in the YNH and OHI experimental
groups. Spectral energy decreased in the active control groups and remained stable in the passive control
groups. The effects of training did not generalize to the other temporal processing or speech recognition
measures.
Conclusions
Rate discrimination training appears to improve temporal processing, as reflected in decreased behavioral
thresholds and increased spectral energy, but the effects appear to be specific to the trained rates and do not
generalize to other rates or performance on other temporal processing tasks. More definitive conclusions will
be made when the target number of subjects is reached for listener and training groups.
Funding: This research was supported by the National Institute on Aging of the National Institutes of Health
under Award Number P01AG051603 (Gordon-Salant).
W5. Blast-Overpressure Induced Morphological Changes in Central Auditory Neuraxis of Chinchilla
Auditory Cortex: Anatomy, Physiology & Function
Kathiravan Kaliyappan1, Vijaya Muthaiah*1
1
SUNY Buffalo
Background
By the very nature of their duties, military service members are at increased risk of exposure to dangerously
high levels of sound, both from prolonged and/or multiple transient acoustic insults. The positive pressure
phase of brief duration blast-overpressure (BOP) (> than ten kPa) produces mechanical damage to cochlear
structures up to auditory cortex which differs from that observed from longer duration, lower level continuousnoise induced cochlear damage. In the present study, we aimed to quantify the morphological changes in the
central auditory neuraxis (cochlear nucleus (CN), inferior colliculus (IC) and auditory cortex (AC)) of
chinchilla in 1-month post-BOP.
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Methods
A two-group (Control and BOP exposed) of chinchillas each containing three animals were used for this study.
BOP exposed group were unilaterally (left side) exposed to 172 dB SPL using a compressed air-driven
acoustic shock tube. At 1 month post-BOP, the 4% paraformaldehyde-fixed chinchilla brains were processed
for routine paraffin sectioning and CN, IC and AC coronal sections (10-micron thickness) of both control and
BOP group were subjected for morphometric quantification using cresyl-fast violet (CFV) and modified
(crossmon's) trichrome (MT) method. Viable/dead cells and apoptotic cells were quantified using CFV and
MT method respectively. Quantitative assessments were performed using ImageJ cell counter plugins.
Results
When compared to control, viable cells were decreased along with increased dead/apoptotic cells on both sides
of AC in BOP exposed animals. Interestingly, there is a significant increase in dead cell count on contralateral
IC when compared to controls. However, there is no significant change in the cell counts of the ipsilateral IC
when compared to control. In CN, dead cell count was found to be increased on both sides of BOP exposed
animal when compared to controls. Between the hemibrain of BOP exposed animals, more dead
cells/apoptotic cells were evident in ipsilateral CN when compared to contralateral CN.
Conclusions
Our preliminary results indicate that BOP compromised the cytoarchitecture of central auditory neuraxis of
chinchilla especially at AC and CN regions at 1 month. In future, quantification using robust morphometric
features will provide more insights on region-specific BOP induced pathology in Chinchillas.
W6. Decoding the Perceptual Consequences of Stimulus Specific Adaptation
Auditory Cortex: Anatomy, Physiology & Function
Karol Przewrocki*1, Gloria Parras2, JAVIER NIETO2, Artoghrul Alishbayli1, Manuel Malmierca2, Bernhard
Englitz1
Radboud University Nijmegen, , 2Institute of Neuroscience of Castilla y León, Universidad de Salamanca
Background
The environment contains a large set of regularities that can be exploited by the brain to optimize an organism's
behavior. In the auditory system, commonly occurring stimuli (standards) have been shown to elicit a local
adaptation in response. Unexpected, deviant stimuli on the other hand elicit larger responses, whose size
increases along the processing hierarchy. This phenomenon - commonly termed Stimulus Specific Adaptation
(SSA) - has been linked to predictive coding, as it can be interpreted as signaling both the predictable and
unpredictable parts of the sensory environment through decreased or increased responses respectively.
Methods
While the presence of SSA has been demonstrated in multiple areas and species, previous studies have not
addressed the consequence of SSA for the perception of stimuli. Here, we specifically probed the effect of
SSA on cortical populations using a modified oddball paradigm in urethane-anesthetized rats (82 cells) and
awake mice (102 cells) using extracellular recordings. The resulting representation was estimated using
population analysis and neural decoding to estimate the perceptual consequences. Data decoding was realized
by two types of biologically plausible decoders - the classical (vector) decoder and a more general likelihood
decoder. The data are then related to different models that could explain the observed effects.
Results
We find that adaptation to the standard ('adaptor') leads to a significant, repulsive shift around this tone’s
frequency in a subset of the data. This leads to an increase in the local steepness of the relation between actual
and decoded tones, which could be interpreted as an increase in local sensitivity. This could have interesting
behavioral consequences in tasks such as change detection or discrimination of similar stimuli.
Conclusions
The underlying population response adapts in a semi-local way to the standard. We account for this in a
multistage adaptation model, with thalamic neurons integrating biases and their response being integrated in
the cortex. While this provides a first look at the perceptual consequences of SSA, further investigation is
required to understand its influence on perception.
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W7. Neural Correlates of Modulation Detection Interference
Auditory Cortex: Anatomy, Physiology & Function
Axelle Calcus*1, Christian Lorenzi2
1
Université Libre de Bruxelles, 2Ecole Normale Supérieure; CNRS
Background
The auditory detection threshold of a sinusoidal amplitude modulation (AM) applied to a tone carrier is
increased by the presence of an amplitude-modulated tone in a remote audio- frequency region, a phenomenon
known as modulation detection interference (MDI). Psychoacoustic studies have revealed that MDI increases
with the proximity in AM rates between the target and masker AMs, leading to an interference of up to 15 dB.
Recent work suggests that MDI is due to difficulty in associating the near-threshold target AM with its
appropriate carrier when other carriers are present, and therefore represents a form of informational masking.
The aim of this study was twofold: (i) investigate the neural correlates of MDI (ii) as well as their relationship
with behavioural performance. The AM following response (AMFR), a steady-state auditory response was
used as an index of AM neural encoding.
Methods
Normal-hearing adults (n = 26) aged 18 to 35 years were tested using a 2-interval, 2-alternative forced choice
with constant-stimuli procedure. Target and comparison intervals consisted of three sinusoids (750, 1500 and
4500 Hz). In each trial, listeners were asked to identify which of the two intervals contained a 29.7-Hz target
AM applied to the 1500-Hz sinusoid. In the “baseline” condition, the 750 and 4500-Hz sinusoids were
unmodulated; in the “MDI” condition, the 750 and 4500-Hz sinusoids were modulated sinusoidally in
amplitude at 17.3 Hz (masking AMs). Target and masking AMs were presented well above individual AM
detection thresholds measured in a preliminary session. AMFR and behavioural performance were
simultaneously recorded in response to the two intervals.
Results
Performance was near ceiling in the baseline condition, and above chance in the MDI condition. In the baseline
condition, an AMFR was significantly evoked at 29.7 Hz. In the MDI condition, two AMFR peaks emerged
at both target and masking modulation rates. The amplitude of the target AMFR was significantly smaller in
the MDI than in the baseline condition. Yet, in the MDI condition, the AMFR evoked by the maskers was
smaller when the target was modulated than unmodulated. Notably, it was negatively correlated with
behavioural detection performance.
Conclusions
Together, these results indicate that the AMFR can be used as an index of MDI. In particular, the amplitude
of the AMFR evoked by the interfering modulations appears to be related to the behavioural performance in
MDI. This raises the possibility that MDI is related to the neural suppression of the masker.
W8. Capturing Audiovisual Integration Effects With Steady-State EEG
Auditory Cortex: Human Studies
Lindsey Hasak*1, Blair Kaneshiro1, Trang Nguyen Grant1, Fang Wang1, Alexandra Yakovleva2, Vladimir
Vildavski2, Anthony Norcia2, Bruce McCandliss1
1
Graduate School of Education, Stanford University, 2Wu Tsai Neurosciences Institute, Stanford University
Background
Learning to read requires linking familiar speech sounds with visual letters. fMRI studies have revealed
enhanced neural responses to congruent-letter sound pairs in adults and children, known as a congruence
effect. Additionally, ERP studies have shown topographic differences when processing congruent and
incongruent familiar words, and neural and behavioral markers of audiovisual (AV) integration have been
found to predict future reading fluency.
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To further this line of research, we investigated evoked responses to the integration of letters and speech
sounds in adults using a steady-state EEG paradigm and a data-driven component analysis. Our paradigm
drove both low-level effects reflecting stimulus modality and higher-order psychological effects (i.e., lettersound congruence mapping). To the best of our knowledge, our findings present the first evidence of a
congruence effect using English letter-sound pairs.
Methods
Stimuli comprised six visual letters and natural speech sounds corresponding to single letters (p, n, k, g, d).
We presented alternating stimuli at a rate of 2 Hz in audio-only and audiovisual conditions. In the audio-only
condition, stimuli alternated between intact and reversed speech sounds. In the audiovisual condition, visual
and auditory stimuli alternated between congruent (e.g., seeing p and hearing /p/) and incongruent (e.g., seeing
p and hearing /t/) letter-sound pairs. Twelve adult native English speakers were asked to indicate when
identical stimuli appeared twice in a row while 128-channel EEG was recorded. We used Reliable Components
Analysis (RCA) to compute spatial components by maximizing trial-to-trial covariance. RCA was trained
twice for each condition to investigate (1) low-level effects from the stimulus oscillation at 2 Hz, and (2)
higher-order effects from the psychological oscillation at 1 Hz. We assessed the significance of complexvalued component-space data using Hotelling’s t2 test.
Results
Both conditions produced low-level stimulus effects related to general modality processing. For both the
audio-only and AV paradigms, the maximally reliable component had a fronto-central topography consistent
with auditory processing. The AV condition also produced a second RC with an occipito-parietal topography,
consistent with visual processing. Critically, our steady-state paradigm drove psychological effects related to
stimulus manipulations and produced different component topographies for speech reversal and AV
congruence effects.
Conclusions
Using a steady-state paradigm in conjunction with a data-driven spatial filtering technique, we recovered
modality-relevant topographies from audio-only and AV conditions. Additionally, the significant activations
in component spaces reflected psychological effects - a reversal effect in the audio-only condition, and a
congruency effect in the AV condition. This congruence mapping significantly impacted signal amplitudes in
component space, providing evidence of multisensory integration driven by steady-state stimuli. Toward our
larger goal of studying neural correlates of reading development, we next plan to repeat the investigation with
children; this paradigm has potential to study processing differences in dyslexia as well.
W9. Intensity Just-Noticeable Differences and Event-Related Potentials of a Masked Tone in Masking
Release Conditions
Auditory Cortex: Human Studies
Hyojin Kim*1, Viktorija Ratkute1, Bastian Epp1
1
Technical University of Denmark
Background
The human auditory system enables communication in noisy environments by making use of beneficial signal
properties. One example of such perceptual phenomenon is masking release. Behaviorally, masking release
can be observed as the enhanced audibility induced by beneficial cues. One can quantify masking release with
a difference in detection threshold of a masked pure tone between the conditions with and without beneficial
cues. For example, a decrease in detection threshold induced by a comodulation cue is comodulation masking
release (CMR) and the one by interaural phase differences (IPD) cue is called binaural masking level
difference (BMLD). Many studies have shown that these measures can easily amount to 10-20 dB in
thresholds. Few have investigated the audibility at supra-threshold levels when beneficial cues are present.
Previous studies used scaling methods to measure the audibility at supra-thresholds and results were dependent
on the listeners’ subjective criteria for the scaling. Here, we applied a just-noticeable-difference (JND)
measure that can overcome such subjective scaling pitfalls. Furthermore, we investigated the neuronal
representation of masked signals in masking release conditions with electrophysiological event-related
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potentials. We hypothesized that the amplitudes of late auditory evoked potentials (LAEPs) are correlated
with the intensity-JND measures in masking release conditions.
Methods
For intensity-JND measures, we used a three-alternative forced-choice paradigm (3-AFC) and with the task
to select the loudest interval. JNDs were measured at +0dB, +5dB, +10dB, +15dB, +20 dB and +25dB above
the individually measured masked threshold. The LAEPs were measured with the same masking release
conditions and at +15dB, +20 dB and +25dB above the individually measured masked threshold. Eight
different masking release conditions with different combinations of three cues were investigated:
comodulation, IPD and onset asynchrony.
Results
All conditions show a decrease in JNDs as the level of the tone increases. Conditions with lower detection
thresholds show higher JNDs compared to the ones with higher detection thresholds, or small amounts of
masking release. In other words, JNDs are inversely proportional to the sound intensity. This indicates that
the auditory system uses separate mechanisms for detection and discrimination tasks. In addition, the growth
in amplitudes of LAEPs show only little increase when JNDs are high in contrast to conditions with low JNDs.
Conclusions
This study will contribute to a better understanding of neuronal encodings of the tones in masking release
conditions and suggests a separate processing of the detection and discrimination task.
W10. The Role of Auditory Nerve Phase-Locking in Human Hearing: Evidence From Deep Neural
Networks
Auditory Nerve
Mark Saddler*1, Josh McDermott1
1
MIT
Background
The peripheral auditory system converts sounds to neural representations with exquisitely precise spike
timing. The role of phase-locked fine temporal structure remains controversial because no physiological
mechanism for extracting this information monaurally has been identified. Nonetheless, fine temporal
structure in the periphery is widely believed to support hearing in noise. One prevailing hypothesis is that
speech recognition difficulties of hearing-impaired listeners in noisy environments reflect an inability to use
fine temporal structure. Here, we investigate the role of auditory nerve phase-locking with deep neural
networks optimized to perform everyday recognition tasks from simulated auditory nerve input whose phaselocking limit was manipulated.
Methods
We trained deep artificial neural networks to recognize spoken words, talker identity, and environmental
sounds from simulated auditory nerve representations of natural stimuli. The training stimuli consisted of
speech excerpts superimposed on recorded auditory scenes. We manipulated the upper frequency limit of
auditory nerve phase-locking in the peripheral model and measured the effect on task performance in different
acoustic conditions.
Results
Networks whose input featured high-frequency phase-locking replicated key aspects of human auditory
behavior. They were able to recognize voices and words, even at low signal-to-noise ratios, and error patterns
resembled those of human listeners. Notably, reducing the upper frequency limit of auditory nerve phaselocking to just 50 Hz (eliminating virtually all fine temporal structure in the peripheral representation) had
very little effect on network speech recognition performance, but substantially impaired voice recognition at
lower signal-to-noise ratios.
Conclusions
The results suggest that the fine temporal structure in auditory nerve responses is critical for accurate voice
recognition -- but not speech recognition -- in noisy environments. Networks optimized for peripheral
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representations devoid of phase-locked spike timing exhibit speech-in-noise recognition comparable to that of
networks with full access to fine temporal structure, and to that of humans.
W11. Use of Sound Time Reversal to Measure Ongoing Delay
Auditory Nerve
Philip Joris*1
1
KU Leuven
Background
Auto- and crosscorrelograms provide a powerful way to analyze temporal aspects of neural responses,
essentially by tallying intervals between spikes in different sets of spike trains. Such analysis allows, for
example, the measurement of microsecond changes in temporal patterns with changes in sound pressure. A
disadvantage of these methods is that they do not provide absolute measures of latency, i.e. measures of delay
between features in the stimulus and the subsequent spikes triggered by these features. While various methods
exist to obtain such measures, e.g. based on onsets of post-stimulus-time histograms, phase-frequency plots,
or delay of reverse correlation (revcor) functions, it is desirable to have a measure which uses the same
framework of counting inter-spike intervals.
Methods
Responses to wideband noise were obtained from auditory nerve fibers of anesthetized chinchillas. The noise
token was played in two directions: forward and reversed, and each of these versions was also presented in
two polarities, which were each other’s inverse. The spike trains in response to the forward noise were then
compared with the reversed spiketrains in response to the reverse noise, by means of crosscorrelograms.
Assuming that the same trigger features are present in the forward and reversed noise, these features should
trigger spikes with the same delay for both noises. Correlograms between the spike trains to the forward noise
and the reversed spike trains to the reversed noise should then show a maximum at twice the value of this
delay. As in our previous work, we also correlated responses to forward and reversed noise with opposite
polarity and examined the difference and sum of the correlograms to identical and opposite polarity (difcor
and sumcor). We refer to these as rocfid and rocmus.
Results
We find that indeed rocfid (for low-frequency fibers) and rocsum (for high-frequency fibers) show maxima at
delays of several ms, yielding delay estimates that fit values reported in the literature. The delays show the
expected inverse dependence on characteristic frequency. However, both rocfid and rocsum frequently show
asymmetries around their maximum, along the delay axis. This is to be expected because spikes are not directly
triggered by sound features: there is filtering interposed between sound and spike output. For low-frequency
fibers, a linear estimate of this filter can be obtained with the revcor function, calculated from the same spike
trains. We found that the revcor of spike trains to forward and reverse noise was identical, as expected. To
predict the rocfid, we crosscorrelated the revcor obtained in response to forward noise with the reversed revcor
(the rocver) to reversed noise. We found an excellent match between this crosscorrelation and the rocfid.
Conclusions
Use of time-reversed noise provides a quick and easy method to measure ongoing delay based on inter-spike
intervals.
W12. Chromatin Remodeler CHD7 Regulates Spiral Ganglion Growth and Schwann Cell Myelination
in the Mouse Cochlea
Auditory Nerve
Elaine Ritter*1, Sloane Lynch2, Ashley Gorris2, Lisa Beyer3, Yehoash Raphael2, Donna Martin2
1
The University of Michigan Medical School, 2University of Michigan, 3University of Michigan, Kresge
Hearing Research Institute
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Background
CHARGE syndrome is a multiple anomaly developmental disorder characterized by a variety of sensory
deficits, including sensorineural hearing loss. The majority of cases of CHARGE are caused by pathogenic
variants in Chromodomain DNA-binding Protein 7 (CHD7), a chromatin remodeler important for the
development of neurons and glial cells. The structural substrate for hearing loss is not well understood. Using
the Chd7Gt/+ mouse model of CHARGE syndrome, we sought to determine how Chd7 haploinsufficiency
affects the development of neurons and myelinating Schwann cells in the cochlear spiral ganglion.
Methods
Auditory Brainstem Responses (ABRs) were recorded in adult male Chd7+/+ and Chd7Gt/+ animals.
Cochleae were sub-dissected and processed for transmission electron microscopy (TEM). TEM images were
captured in the apical and basal regions of the spiral ganglion. Myelin thickness and axon diameter were
measured using ImageJ. Semi-thin sections of spiral ganglia were imaged for further histological analysis and
cell counting. Immunohistochemical staining for hair cell synaptic markers CtBP2 and GluA2 was conducted
on 4-week old wild-type and Chd7Gt/+ cochleae, which were imaged via confocal microscopy.
Results
Analysis of ABR recordings in Chd7Gt/+ adult animals showed prolonged latency of the Wave I peak at 4
kHz, suggesting delayed propagation of auditory input through the cochlear nerve at lower frequency
stimulation. Wave I peak latencies at 16 and 32 kHz were similar in wild-type and Chd7Gt/+ animals.
Histological analysis of adult Chd7Gt/+ cochleae by TEM revealed hypermyelinated Type I spiral ganglion
axons, as well as significantly variable axon diameter. Proportions of neurons and Schwann cells in the apical
spiral ganglia were reduced in Chd7Gt/+ mutant mice. Staining for CtBP2 and GluA2 showed no differences
in hair cell synapse formation in Chd7Gt/+ mutant cochleae.
Conclusions
Collectively these results suggest a critical role for CHD7 in the development of neurons and glia in the
cochlear spiral ganglion and the importance of appropriate myelination for normal sensorineural hearing.
Interestingly, Chd7 haploinsufficiency disproportionately affects the apex of the cochlear spiral ganglion. In
contrast, CHD7 appears dispensable for hair cell synapse formation in the mouse cochlea. This study offers
critical insight into the pathophysiology of CHARGE syndrome and may lead to clinical advancements in
treating sensorineural hearing loss in patients with CHARGE and related disorders. This work was supported
by NIH R01 DC014456 (D.M., Y.R.), NIH R01 DC018404 (D.M.), and NIH T32 DC000011 (E.R.).
W13. Short Term Plasticity of Inhibitory Synapses Onto Medial Olivocochlear Neurons
Auditory Pathways: Brainstem
Lester Torres Cadenas*1, Catherine Weisz2
1
NIDCD/NIH, 2National Institutes of Health
Background
The synaptic plasticity of synapses onto medial olivocochlear (MOC) efferent neurons in the brainstem is
poorly understood. Inhibitory synaptic inputs onto MOC neurons from neurons of the medial nucleus of the
trapezoid body (MNTB) have been identified but the effect of synaptic stimulation rate and calcium
concentration have not been fully characterized.
Methods
MOC neurons in the VNTB were genetically identified for recordings in brainstem slices from P14-P23 mice
using a ChAT-IRES-Cre mouse line crossed with a tdTomato reporter mouse line to label cholinergic neurons.
To investigate plasticity at these synapses we performed whole-cell patch-clamp recordings of evoked (e)PSCs
from MOC somata while electrically stimulating presynaptic MNTB axons to release neurotransmitter. AMPA
type glutamate receptors were blocked with CNQX to isolate inhibitory neurotransmission.
Results
Different extracellular calcium concentrations from 0.5 to 2.0 mM were used to test the dependence of synaptic
plasticity on calcium. Electrical stimulation was delivered at rates from 10 to 500 Hz. In some experiments
MNTB axons were stimulated at rates of 10-100 Hz to mimic spontaneous action potential rates, followed by
pg. 56

The Association for Research in Otolaryngology (ARO)
The 44th Annual MidWinter Meeting
Wednesday, February 24, 2021, U.S. Eastern Time Zone

faster stimulation rates to mimic sound-evoked activity. Evoked PSCs depressed at stimulation rates from 50
to 100 Hz in physiological (1.2 mM) and high (2.0 mM) calcium. In low (0.8 mM) calcium MNTB synaptic
responses facilitated with 100 Hz stimulation. ePSCs were rare at the lowest calcium concentration (0.5 mM).
At the fastest rates of 200 and 500 Hz (in 1.2 mM calcium) responses strongly depressed and distinct PSCs
could not be observed, but a tonic inhibition remained. When low rates of stimulation were applied to mimic
spontaneous MNTB activity, subsequent faster synaptic activity was reduced in amplitude relative to control
conditions.
Conclusions
These results suggest that MNTB suppression of MOC activity is reduced over the course of a sustained
stimulus, and that MNTB synapses onto MOC neurons may be in a depressed state even in the absence of
sound.
W14. Altered Spine Morphology in the LSO of Fragile X Syndrome Mice
Auditory Pathways: Brainstem
Elizabeth McCullagh*1, Shani Poleg2, Sara Gookin2, Katharine Smith2, Florian Levet3, Benzheng Li4, Tim
Lei4, Andreas Frick3, Melanie Ginger3, Achim Klug2
1
Oklahoma State University, 2University of Colorado Anschutz, 3University of Bordeaux, 4University of
Colorado Denver
Background
Cellular and circuit hyperexcitability are well known hallmarks of Fragile X Syndrome (FXS), the most
common monogenetic form of autism. Sensory hypersensitivity, and in particular auditory hypersensitivity, is
a common symptom and complaint of patients with FXS potentially due to these cellular and circuit
hyperexcitability phenotypes in many brain areas. Recent work has shown that there are alterations to areas
of the brain responsible for the earliest sound processing steps. These have been described at the cellular,
circuit and behavioral levels. The exact mechanisms for this auditory hypersensitivity and underlying
alterations at the brainstem level are unknown.
Methods
Studies from other brain areas have shown alterations to dendritic spine morphology/excitability in FXS and
are thought to contribute to overall excitability phenotypes. To test whether dendritic spine morphology is
altered in the auditory brainstem of FXS mice compared to wildtype, animals were injected with delta-G rabies
anterograde tracer into the lateral superior olive (LSO). Spines were then measured with both SIM and STED
super resolution techniques to obtain 2D and 3D renderings of labeled LSO spines, followed by software
analysis and semi-automated quantification of these super resolution images. Spine number, neck length, spine
length, aspect ratio, head area, and width of the spine neck were quantified and compared between FXS and
wild type.
Results
While spine numbers and spine heads appeared to be unaltered, we found longer and more immature spines
in FXS mutant mice compared to controls.
Conclusions
This study adds a possible mechanism underlying overall auditory hypersensitivity, as immature and elongated
spines has been shown to be associated with alterations in synaptic strength in other neural systems. The
results also add to the growing literature on auditory deficits, including auditory brain stem and sound
localization pathway deficits, in FXS. Additionally, it is the first study to use super resolution techniques to
examine and characterize LSO spine morphology independent of FXS phenotype.
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W15. Inhibition and Gap Junction Effects on Synchronization Enhancement in Bushy Cells of Ventral
Cochlear Nucleus
Auditory Pathways: Brainstem
Melih Yayli*1, Ian Bruce1
1
McMaster University
Background
Auditory nerve fibers (ANFs) show synchronized firing behavior to low-frequency input stimuli. This kind of
behavior is even more prominent in bushy cells of ventral cochlear nucleus (VCN; Joris et al., 1994; Joris and
Smith, 2008). Synchrony enhancement in globular bushy cells, which receive synaptic inputs from many
ANFs, can be explained by a coincidence detection mechanism performed by these cells. However, the
possible mechanisms behind spherical bushy cell synchrony enhancement are still unclear, since they receive
very few excitatory inputs from ANFs.
Methods
In this study, bio-physically detailed neural network models of globular and spherical bushy cell microcircuits
of VCN are created based on the approach of Manis and Campagnola (2018). Temperature scaling and
alternative sodium channel models are also included in the model implementation. The model takes its
excitatory inputs from phenomenological ANF model of Bruce et al. (2018). The effects of broadband
inhibition (coming from D-stellate cells) and narrowly tuned inhibition (coming from tuberculoventral cells
of the dorsal cochlear nucleus) are inspected. Since the models used in this study are computationally
expensive, the simulations are performed in the high-performance computing environment Shared
Hierarchical Academic Research Computing Network (SHARCNET).
Results
Preliminary results suggest that, while inhibition can affect the synchronization of model spherical bushy cells
to low-frequency tones, it cannot fully explain the degree of synchronization and entertainment exhibited by
the published data.
Conclusions
Inclusion of gap junctions between bushy cells may be required for the synchronization enhancement behavior
seen in physiological recordings.
W16. Enhanced Brainstem Phase-Locking in Low-Level Noise Reveals Stochastic Resonance in the
Frequency-Following Response (FFR)
Auditory Pathways: Brainstem
Bhanu Shukla*1, GAVIN BIDELMAN1
1
University of Memphis
Background
In nonlinear systems, the inclusion of low-level noise can paradoxically improve signal detection, a
phenomenon known as stochastic resonance (SR). SR has been observed in human hearing whereby sensory
thresholds (e.g., signal detection and discrimination) are enhanced in the presence of noise. Here, we asked
whether subcortical auditory processing (neural phase locking) shows evidence of SR.
Methods
We recorded brainstem frequency-following-responses (FFRs) in young, normal-hearing listeners to nearthreshold (40 dB SPL) complex tones (150 Hz) presented concurrent with low-level noise (+20 to -20 dB
SNRs).

pg. 58

The Association for Research in Otolaryngology (ARO)
The 44th Annual MidWinter Meeting
Wednesday, February 24, 2021, U.S. Eastern Time Zone

Results
Though variable across ears, listeners showed improved auditory detection thresholds with subthreshold noise
confirming SR psychophysically. At the neural level, low-level FFRs were initially eradicated by noise (an
expected masking effect) but were surprisingly reinvigorated at select masker levels (local maximum near ~35
dB SPL). These data suggest brainstem phase-locking to near-threshold periodic stimuli is enhanced in optimal
levels of noise, the hallmark of SR
Conclusions
Our findings provide novel evidence for stochastic resonance in the human auditory brainstem and suggest
that under some circumstances, noise can actually benefit both the behavioral and the neural encoding of
complex sounds.
W17. Relations of Two Metrics for Quantifying the Degree of Phase-Locking: Correlation Index and
Vector Strength
Auditory Pathways: Brainstem
Dominik Kessler1, Jutta Kretzberg1, Go Ashida*1
1
University of Oldenburg
Background
Auditory neurons generate time-locked action potentials (or spikes) in response to temporally changing
acoustic stimuli. A spike response pattern is called phase-locked, when its neuronal discharges occur
preferentially at a certain phase of a periodic stimulus. In the auditory system, various degrees of phase-locking
can be seen from auditory nerves to cortical neurons. The classical metric for quantifying phase-locking is the
vector strength (VS), first introduced by Goldberg and Brown (1969, J. Neurophysiol.). Mathematically, VS
is the absolute value of the Fourier component of a phase-locked spike train normalized by the total number
of spikes. To quantify the temporal response characteristics of a neuron, another metric, called the correlation
index (CI), was proposed by Joris et al. (2006, Hear Res.). The CI is defined as the peak value of the shuffled
autocorrelogram (SAC), which captures the temporal reproducibility of a neuronal spiking response. Both VS
and CI have been used in the field of auditory neuroscience to investigate how temporal information is
processed and transferred along the auditory pathways. The analysis of physiological data by Joris and
colleagues (2006, Hear Res.) from trapezoid body fibers in cats suggested that these two metrics should
covary. However, it remains still unknown how they are generally related to each other.
Methods
In the present study, we derive a rigorous relationship between VS and CI, under certain mathematical
assumptions for phase-locking. More specifically, we assume Poissonian spike trains with a temporally
changing intensity function modeled with a von Mises distribution, and demonstrate that VS and CI are
mutually related via the concentration parameter that determines the degree of phase-locking.
Results
These theoretical results are confirmed to be largely consistent with physiological data recoded in the auditory
brainstem of various animals (Ashida and Carr, 2010, Front. Neurosci.). Furthermore, we generate artificial
phase-locked spike sequences, for which recording and analysis parameters can be systematically
manipulated. Our analysis results suggest that the deviation of the empirical data from the theoretical
prediction is often due to multimodal or skewed distribution in the period histogram that generally lead to a
reduction of VS. Additionally, we find that the analysis bin width is a critical parameter for computing a CI.
A large bin width generally results in an underestimation of SAC peaks, while a small bin width can lead to
an imprecise estimation of the SAC due to a larger variation of spike counts.
Conclusions
Overall, our results provide general relations between the two measures of phase-locking, VS and CI, and will
aid comparisons of physiological data that are characterized with these metrics.
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W18. The Role of Contralateral Spike Timing in Determining Sound Localization Precision in a
Spiking Neural Network Model of the Auditory Brainstem
Auditory Pathways: Midbrain
Ben-Zheng Li*1, Achim Klug2, Tim Lei3
1
University of Colorado Anschutz Medical Campus, 2University of Colorado - School of Medicine, 3University
of Colorado Denver
Background
In mammalian hearing, the sound localization circuit enables the brain to capture differences in the arrival
time of binaural sounds at the two ears on a microsecond level. The resulting neural activity propagates
initially in separate monaural neural circuits and monaural nuclei, and eventually converges onto binaural
neurons. How the micro-second precise integration of the two sets of signals that have propagated across
several fiber bundles, synapses, and neuronal types is accomplished, is not entirely understood. Models of
sound localization circuits commonly symbolize the propagation of action potentials as constant time delays
based on the physical distance between nuclei. Considering the auditory brainstem contains axons with
different diameters and myelination patterns resulting in different conduction velocities, the differences in
axonal properties and their resulting effects on temporal precision and spatial hearing are not well represented
in most existing models.
Methods
In this study, a spiking network model of the mammalian auditory brainstem with multi-compartment axons
was developed to examine its temporal dynamics during interaural time difference (ITD) discrimination.
Additionally, a decoding model was used to estimate the effects of spike timing on sound localization.
Results
In the model simulation, the axonal conduction velocity of the contralaterally originating inhibitory pathway
-the globular bushy cell (GBC) to the medial nucleus of the trapezoid body (MNTB) pathway- had an impact
on ITD tuning curves. Additional decoding analysis demonstrated that contralateral spike timing influences
the amount of information represented in population responses, and the accuracy of sound localization.
Conclusions
These findings indicate that the contralateral spike timing is a key attribute to the sound localization precision
and suggest the linkage between axon myelination and spatial hearing perception.
W19. Transient Complement Expression and Distinct Microglial Subpopulations in the Multisensory
Midbrain During an Early Critical Period
Auditory Pathways: Midbrain
Mark Gabriele*1, Julianne Carroll1, Nicole Bellocco1
1
James Madison University
Background
The lateral cortex of the inferior colliculus (LCIC) is a multimodal shell nucleus of the midbrain which
receives segregated somatosensory and auditory afferents. Its characteristic modular-extramodular
organization develops during an early postnatal critical period (postnatal day, P0-P12), with somatosensory
inputs targeting glutamic acid decarboxylase (GAD)-specific modules and auditory inputs surrounding
calretinin (CR)-positive extramodular zones. Microglial cells (MGCs) have been implicated in the
development and refinement of analogous discretely organized maps in a variety of unimodal systems. Two
pathways involved in neuronal-glial interactions whereby exuberant or underutilized synapses are selectively
tagged for elimination are the classical complement cascade and the fractalkine signaling pathway. The present
study examines the potential involvement of complement signaling in refining early LCIC networks. We also
address whether distinct microglial subsets exist within the nascent LCIC, each with unique molecular
signatures, and thereby perhaps serving different developmental roles.
Methods
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Immunostaining was performed in GAD67-GFP and CX3CR1-GFP mice at designated ages during the
defined LCIC critical period (P0, P4, P8, and P12), as well as later timepoints to determine any transience in
early expression patterns. GAD67+/GFP mice facilitate easy visualization of emerging LCIC modular fields,
while CX3CR1+/GFP mice highlight MGCs expressing the fractalkine receptor. CD11b (a subunit necessary
for forming complement receptor 3, CR3), C3 (an upstream complement protein), TMEM119 (a highly
specific microglial marker), and CR (an LCIC extramodular marker) antibodies were used in various
combinations for immunostaining. Z-stacks of coronal sections throughout the LCIC were acquired and
analyzed using a Nikon Eclipse imaging system and associated Nikon Elements software.
Results
CD11b expression is homogeneous throughout the IC at birth, prior to localizing to the LCIC by P4.
Coincident with LCIC compartmental sharpening and segregation of interfacing multimodal afferent streams
from P8-P12, CD11b expression becomes highly concentrated to layer 2 modular fields. As CD11b is a key
protein in the recruitment of MGCs in other systems, such patterns hint towards complement signaling
involvement in refining early LCIC multimodal connectivity. C3 is also present in the LCIC during this critical
period. Its expression is similarly diffuse at birth, however, unlike CD11b’s cellular appearance, C3 staining
is more punctate and largely restricted to the neuropil. Interestingly, in CX3CR1+/GFP mice, CD11b labeling
does not colocalize with GFP-labeled MGCs. Furthermore, in P12 CX3CR1+/GFP mice stained for
TMEM119, distinct MGC subpopulations were again observed.
Conclusions
The lack of colocalization between fractalkine receptor expressing MGCs and both CD11b and TMEM119
markers suggests that unique subsets of microglia exist in the developing LCIC with different molecular
signatures and perhaps different responsibilities. Ongoing triple-labeling experiments aim to determine if there
is any observed overlap amongst these (CX3CR1, CD11b, TMEM119) and other widely utilized MGC
markers (e.g. Iba-1).
W20. Living Electrodes for Auditory Rehabilitation
Auditory Prostheses
Jason Brant*1, Oladayo Adewole2, Michael Grovola2, Kacy Cullen2
1
University of Pennsylvania, 2Corporal Michael J. Crescenz VA Medical Center
Background
Stimulation and recording of the peripheral and central auditory system currently rely on metallic electrodes
that suffer from biocompatibility and field stimulation issues. A biologically-based interface could overcome
these limitations, allow for chronic monitoring of the auditory pathways, and form the foundation for a new
generation auditory implants. Here we describe the fabrication and implantation of a ‘living electrode’ derived
from cultured cortical neurons and a custom scaffold designed for implantation to provide axonal inputs into
the inferior colliculus of a rat.
Methods
Cortical neurons were harvested from whole-brain explants of embryonic rats and cultured in supportive
media. Adherent cells were dissociated and induced into aggregates via gentle centrifugation in inverted
pyramid micro-wells. Aggregate cultures were virally transduced to express the fluorescent calcium reporter
GCaMP6 to enable optical imaging of neuronal activity. A custom scaffold was fabricated with 3% agarose
molded with glass capillary tubes and acupuncture needles to form a cylinder with outer diameter of 389 um
and inner diameter of 160 um. The inner channel was filled with ECM (rat tail collagen and mouse laminin).
Aggregates were then positioned at the ends of the micro-column under stereomicroscopy before returning to
culture allowing for neurite extension along the ECM filled column. The construct was then implanted into
the inferior colliculus of a rat under stereotactic guidance with the aggregate of cell bodies remaining at the
surface and the terminal end of the micro-column within the inferior colliculus. Intravital multiphoton
microscopy was used to evaluate for viable cells in the implanted aggregate and spontaneous firing monitored
through high speed fluorescent microscopy of the spontaneous activity of the GCaMP expressing neurons.
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Results
Cortical neurons were successfully harvested, cultured, formed into aggregates and transfected with GCaMP.
These aggregates were formed into living electrodes by culturing at the ends of a custom, ECM filled construct
that allowed for neurite extension along its length. This was then successfully implanted into the inferior
colliculus of a rat with the implanted neuronal cell bodies accessible for monitoring and stimulation at the
brain surface. Neuronal survival and spontaneous neuronal firing from the implanted neuronal cell bodies
was directly measured at one-month post-implant.
Conclusions
Significant advancement in auditory implants has been limited by the biocompatibility and field effects of
traditional electrode technology. Biologically based stimulation techniques promise to alleviate these
drawbacks by allowing for synapse-specific stimulation and the avoidance of non-biologic material for chronic
implantation. Here we show the first steps of such an implant utilizing neurons cultured in a biocompatible
scaffold to create a ‘living electrode’. In vivo implantation is demonstrated with viability at one month. These
findings form the foundation for further studies to evaluate the properties of such implants for chronic central
auditory monitoring and stimulation.
W21. Development of a New Surgical Approach for Implantation of a High-Density Penetrating
Electrode Array in the Feline Auditory Nerve
Auditory Prostheses
Steven Zuniga*1, Meredith Adams1, W. Mitchel Thomas2, Inderbir Sondh1, Moritz Leber3, Hubert Lim1,
Loren Rieth4, David J. Warren2
1
University of Minnesota, 2University of Utah, , 3Blackrock Microsystems, 4Feinstein Institutes for Medical
Research
Background
Direct intraneural stimulation of the auditory nerve offers benefits for auditory rehabilitation over
contemporary intrascalar cochlear implantation. Direct contact between the stimulating electrode and its
neural targets has potential for greater frequency specificity, lower stimulation thresholds, and a broader range
of frequency representations. The auditory nerve implant (ANI) being developed is composed of a
SYNCHRONY 2 cochlear stimulator (MED-EL) connected by a helical lead to a Utah Slanted Electrode
Array (USEA, Blackrock Microsystems). Prior to a human clinical investigation, preclinical animal studies
are required to establish device safety, durability, and efficacy. These studies require a surgical approach to
the auditory nerve in large animal models. The cat model has ample temporal bone and cochlear nerve
anatomical data and suitability for electrophysiologic testing of auditory implants based. Previous attempts to
access the auditory nerve in cats have yielded suboptimal nerve exposure and severe iatrogenic injury. This
study aimed to develop a safe and feasible surgical approach to the internal auditory canal (IAC) and auditory
nerve of the cat that promotes durable positioning of an implantable auditory nerve prosthesis.
Methods
The optimal surgical approach for implantation of the feline auditory nerve was developed in 2 stages. First,
systematic microdissections of feline cadavers were performed to evaluate several individual and combined
candidate approaches including transbullar, retrolabyrinthine, translabyrinthine, retrosigmoid, and
transcochlear approaches, each based on modifications of established human surgical skull base approaches
to the IAC. Access corridors and nerve diameters were measured and feasibility of neural implantation of the
prosthesis was estimated. In the second stage, a series of acute experiments (i.e., non-recovery surgeries with
anesthetized cat) with full neural implantation of USEAs were performed to confirm the feasibility and
efficacy of the candidate approach for durable neural implantation.
Results
The retrosigmoid approach required significant cerebellar compression and aspiration, resulting in an
unacceptable degree of morbidity, and offered suboptimal visualization of the auditory nerve. Similarly, the
retrolabyrinthine and transcochlear approaches afforded limited exposure of the auditory nerve. By contrast,
the modiolar, intracanalicular, and cisternal segments of the auditory nerve were safely accessed via the
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transbullar translabyrinthine approach. This exposure provided adequate visualization of all auditory nerve
segments, thus facilitating implantation of a penetrating nerve array without appreciable contact with the
vestibular nerves or facial nerve.
Conclusions
The transbullar translabyrinthine approach to the IAC facilitates precise placement of a penetrating USEA
into the feline auditory nerve. Neural function is preserved following exposure and electrode array placement.
This will permit anatomic investigations to refine ANI design and facilitate live animal 6-month pre-clinical
testing. These tests will establish safety with respect to trauma and stimulation as well as electrophysiologic
performance outcomes towards initiation of a pilot clinical investigation in humans.
W22. Frequency-Specific Activation of the Peripheral Hearing System: Controlled Modulation of
Intensity
Auditory Prostheses
Patricia Stahn1, Katharina Sorg1, Hubert Lim2, Marius Hinsberger1, Achim Langenbucher3, Bernhard Schick1,
Gentiana Wenzel*1
1
Saarland University Medical Center, 2University of Minnesota, 3Saarland University
Background
For the development of auditory prostheses, the controlled activation of the hearing system is necessary. One
colored laser can be modulated to predictable activate different frequency channels of the auditory system
through the optoacoustic effect when applied on vibratory structures of the peripheral hearing organ (Stahn et
al. 2019). The next important step towards the development of an auditory prosthesis is the controlled
modulation of the activation intensity.
Methods
We inserted a 365 µm diameter optic fiber into the outer ear canal of a guinea pig ex vivo and focused the
laser pulses at the umbo as the central point of the tympanic membrane (TM). 10 ns laser pulses were applied
modulated as sinusoids and the vibration velocity of the TM was recorded with a scanning laser Doppler
vibrometer (LDV, PSV-500, Polytec GmbH, Waldbronn, Germany). We calculated the vibration displacement
of the TM from the recorded velocity data. The applied laser modulation rates (LMR) ranged between 1 and
10 kHz, the laser pulse rates (LPR) were 32 kHz or 50 kHz and the maximal power was between 20 and 320
mW. We present herein the ex vivo results in comparison with the frequency specific recordings in vivo within
the central nucleus of the inferior colliculus (ICC) from our in vivo studies (Stahn et al. 2019).
Results
Considering the single side displacement spectrum, the signal to noise ratio (SNR) of the main peak at the
fundamental frequency f0 increased with increasing power values for the applied LMR/LPR combinations.
The SNR of additional peaks at the 2nd harmonics and the LPR increased in a similar manner but were below
the main peak SNR for 50 kHz LPR. The maximal displacement amplitude at the umbo was comparable to
the displacement amplitude after acoustic stimulation with pure tones up to at least 60 dB SPL. This was in
line with the results at ICC level.
Conclusions
The results demonstrate ex vivo and in vivo that intensity can be modulated through variation of the incoming
optical power values. Displacement amplitudes comparable to at least 60 dB SPL could be reached in guinea
pigs. Studies are in progress to further optimize the stimulation parameters improving the energy consumption
and increasing the induced sound amplification through the optoacoustic stimulation of the peripheral hearing
organ.
Reference:
*Stahn, P., Lim, H. H., Hinsberger, M. P., Sorg, K., Pillong, L., Kannengießer, M., ... & Wenzel, G. I. (2019).
Frequency-specific activation of the peripheral auditory system using optoacoustic laser stimulation. Scientific
reports, 9(1), 1-13.
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W23. Simulation Study of Novel Auditory Nerve Implant: Model and Expected Percepts
Auditory Prostheses
Abigail Heiller*1, Karl-Heinz Dyballa2, Daniel Kipping2, Benjamin Richardson3, Thomas Lenarz2, Andrew
Oxenham1, Waldo Nogueira2, Hubert Lim1
1
University of Minnesota, 2Hannover Medical School, 3University of Rochester
Background
An intracranial auditory prothesis that targets the auditory nerve between the cochlea and brainstem (auditory
nerve implant, ANI) is currently being developed across five institutions and two medical device companies
(MED-EL and Blackrock Microsystems). The overall goal of the ANI is to potentially improve hearing
performance over current hearing treatment options. The ANI will be directly implanted into the auditory
nerve with the aim of achieving more focused activation and greater transmission of auditory information to
the brain compared to the cochlear implant. The ANI consists of a MED-EL stimulator attached to a Utah
Slanted Electrode Array (USEA) with 15 electrodes in a 3x5 configuration. A computational model of ANI
stimulation was created to simulate the excitation profiles of the auditory nerve fibers. These excitation
profiles were converted into vocoded stimuli to test the expected percepts of the ANI in normal-hearing
listeners to determine the potential performance of the device.
Methods
A spatial model of the auditory nerve cross-section was created to mimic the anatomical organization of the
fibers, overall shape and diameter of the auditory nerve, and tonotopic frequency organization across the nerve.
This 2D model of auditory nerve fibers was translated into 3D by extending each fiber in a third dimension.
The tips of the USEA were placed within these fibers based on the expected positioning of the ANI in future
patients. A computational model of the neuronal activation along the nerve was employed by applying an
electrical current at the electrode tips to simulate excitation profiles. From these excitation profiles, vocoded
stimuli were created to be presented to normal-hearing subjects to simulate the expected percepts from the
ANI. The main outcomes measured with these stimuli were threshold, dynamic range, loudness balancing,
and pitch ordering.
Results
The excitation profiles showed a variety of shapes ranging from single frequency peak with a narrow spread
of activation to multiple peak frequencies with broader spread of activation. Threshold, comfortable loudness
level, and dynamic range were determined for each of the 15 simulated electrodes for each of 10 normalhearing subjects. Loudness balancing was also performed. The loudness-balanced stimuli were used in the
pitch-ordering study, which indicated that it was possible to map the simulated electrodes to the appropriate
frequency bands, even with the multiple frequency peaks observed on some electrodes due to the complex
organization of frequency fibers within the auditory nerve.
Conclusions
A computational model of the ANI was created to simulate the expected effects of directly stimulating auditory
nerve fibers with a penetrating USEA. The results of these studies will aid in the future development of
perceptual tasks for the ANI clinical trial.
Funded by NIH UG3NS107688 and NSF UtB DGE 1734815
W24. Towards Decoding Selective Attention in Single Sided Deafened Subjects Using Cochlear
Implant Electrodes
Auditory Prostheses
Nina Aldag*1, Andreas Büchner1, Thomas Lenarz1, Waldo Nogueira1
1
Hannover Medical School and Cluster of Excellence “Hearing4all”, Hanover
Background
Decoding the attention of a listener to a given speaker in a situation with multiple concurrent speakers,
background noise and reverberation is a promising research line in cochlear implant (CI) research. It has been
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shown that the envelope of an attended speech stream can be decoded from single-trial electroencephalography
(EEG). Applications of this technique can be found in future closed-loop CIs that can be fitted objectively or
include brain-steered speech enhancement algorithms. State-of-the-art high-density EEG systems can be used
for this purpose but are unsuitable to be used in the clinical routine or in daily life. The current trend to develop
small and portable EEG systems points out the need for EEG systems that are easily applicable and less visible
than common EEG caps. CI backward telemetry systems provide the unique possibility to record
electrophysiological signals invasively without the need for an extra surgery. This study aimed at recording
cortical signals with a novel CI backward telemetry system that allows us to record a single-channel signal
continuously.
Methods
Six single-sided deafened subjects implanted with an Advanced Bionics CI participated in the study. In a first
step, we recorded cortical auditory evoked potentials (CAEPs). In a second step, we recorded the cortical
response to continuous speech stimuli in a selective attention paradigm where the subject had to attend to one
speech stream while ignoring a second one. All stimuli were presented acoustically through an inserted
earphone to the normal hearing ear. EEG was recorded with the CI electrodes in the contralateral ear and
additionally with a high-density scalp EEG system. The EEG recordings were used to reconstruct the envelope
of the attended speech stream using a linear model.
Results
CAEP morphologies were successfully detected in all subjects with high-density scalp EEG and in some
subjects with CI-based recordings. It was possible to reconstruct the envelope of the attended speech streams,
whereby the decoding performance was best with high-density scalp EEG. CI-based recordings varied largely
among patients, probably due to different CI electrode locations and orientations with respect to the auditory
cortex. We found decoding accuracies above chance level in three out of six subjects using CI-based
recordings. The results indicate that it is possible to record cortical responses with CI electrodes, at least in
some subjects.
Conclusions
To conclude, this study demonstrates the feasibility to reconstruct the envelope of an attended speech stream
from single-channel scalp EEG recordings. Moreover, in some subjects it is possible to record cortical signals
with CI electrodes. These findings pave the way towards making EEG recordings more applicable in the clinic,
e.g. for an objective closed-loop CI fitting, and for future brain-steered CIs. However, the study also points to
the need to further improve the CI backward telemetry systems.
W25. The Effect of Age on the Functional Status of the Cochlear Nerve in Cochlear Implant Patients
Auditory Prostheses
Jeffrey Skidmore*1, William Riggs1, Brittney Carter1, Shuman He1
1
The Ohio State University
Background
Older cochlear implant (CI) patients generally have worse speech perception capabilities compared to younger
CI patients (e.g. Lin et al., 2012; Roberts et al., 2013; Sladen & Zappler, 2005). While declining cognitive
function may contribute to these speech perception deficits (Budenz et al., 2011; Lin et al., 2012), a recent
human temporal-bone study has shown degeneration of the cochlear nerve (CN) with advancing age (Wu et
al., 2019). However, the effect of age on the functional status (i.e. number and responsiveness of nerve fibers)
of the CN has not been well established. We recently developed an analytical model for quantifying the
overall functional status of the CN based on results of electrophysiological measures of the electrically evoked
compound action potential (eCAP, Skidmore et al., 2020). Building on this previous work, we created a new
analytical model for quantifying local CN function and assessed the effects of advanced age on local CN
function in CI users.
Methods
The input (predictive) variables of this new analytical model included eCAP threshold, slope of the eCAP
amplitude growth function, negative-peak (i.e. N1) latency, and absolute refractory recovery time estimated
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based on the refractory recovery function. The output variable of this model was local CN index. To create
this model, eCAP results measured in children with cochlear nerve deficiency and children with normal-sized
CNs were used as the training dataset. Compared with the original model (Skidmore et al., 2020), the eCAP
variables measured at different electrode locations were not combined based on the known neural survival
patterns of those patient populations. Rather, the new model provides an optimized combination of eCAP
parameters that represent the CN responsiveness to electrical stimulation delivered by individual electrodes
along the electrode array. To date, we have calculated the local CN index for 38 adults ranging in age from
48.8 to 80.8 years (mean: 66.6, SD 8.9) at three electrode locations across the array. Pearson correlation
analyses were performed to compare local CN indices with age.
Results
Our preliminary results showed that age was significantly correlated with the local CN index at the basal (r =
-0.41, p=0.005) and middle (r = -0.43, p = 0.003) regions of the cochlea, but not at the apical region (p>0.05).
Conclusions
Based on our preliminary results, we conclude that the functional status of the CN is significantly affected by
the age of CI patients. This effect of age is stronger in the basal and middle regions of the cochlear than in
the apical region.
W26. Relationship of Immune and Non-Immune Cells to the Foreign Body Response in the Mouse
Cochlea to Electrode Implantation
Auditory Prostheses
Muhammad Rahman*1, Douglas Bennion1, Brian Mostaert1, René Quevedo1, Timon Higgins2, Jonathon
Kirk3, Keiko Hirose4, Marlan Hansen1
1
University of Iowa Hospitals and Clinics, 2The University of Iowa, 3Cochlear Limited, 4Washington
University School of Medicine
Background
Loss of hair cells results in sensorineural hearing loss. The function of the hair cells can be bypassed by a
cochlear implant to restore hearing. The foreign body response (FBR) in the cochlea to the cochlear implant
electrode array is believed to play a role in the loss of efficiency of the implant seen in a subset of recipients.
We have characterized the cells involved in the FBR in a mouse model of cochlear implantation with and
without chronic electrical stimulation.
Methods
10-12-week-old CX3CR1-GFP, Thy1-YFP reporter mice of C57Bl6 background with normal hearing
(verified by ABR and DPOAE), were implanted with 3 channel cochlear implant in the left ear via a round
window insertion. The right ear was the non-operated control. Implant functionality was tested with serial
impedance and neural response telemetry (NRT) measurements. Programming for electrical stimulation was
based on NRT. Starting from postoperative day 7, electrodes were stimulated 5 hrs/day, 5 days/week for either
1, 2 or 3 weeks with low (30 CL below NRT threshold) or high stimulation (at the level of behavioral
response). Cochleae were harvested for immunohistochemistry 14, 21 or 28 days post-operatively, fixed with
4% PFA, cryopreserved with serial concentrations of sucrose solutions, and embedded in OCT. For each
cochlea, 3 consecutive, 30 μm thick sections, parallel to the mid-modiolar plane were labeled with antibody
against CD45 (common leukocyte antigen) to quantify immune infiltration. The outlines of scala tympani,
Rosenthal canal, and lateral wall for each turn were traced manually to measure the volume of each and to
quantify spiral ganglion neurons (SGNs) and immune cell density.
Results
Irrespective of duration of implantation and level of stimulation, cochlear implantation resulted in significant
infiltration of CD45+, immune cells and CD45-negative, non-immune cells into the cochlea. The infiltration
is predominantly localized to scala tympani in the base of the cochlea adjacent to the electrode array; scala
media and Rosenthal canal are largely devoid of any cellular infiltration. CD45+ immune cells are either
CX3CR1+ or CX3CR1-, indicating macrophage and non-macrophage immune cells, respectively. There was
no significant degeneration of Thy1+ SGNs as a result of implantation.
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Conclusions
These data suggest role of immune (macrophage and non-macrophage) and non-immune cellular infiltrates as
part of the post-implantation FBR in mouse model. Further molecular characterization of these individual cell
types is underway.
W27. Effect of Advanced Age on Neural Adaptation and Recovery of the Electrically Stimulated
Auditory Nerve in Adult Cochlear Implant Users
Auditory Prostheses
William Riggs*1, Jeffrey Skidmore2, Brittney Carter2, Shuman He2
1
Ohio State University, College of Medicine, 2The Ohio State University
Background
Cochlear implants (CIs) have become a common treatment for severe-profound sensorineural hearing loss in
patients 65 years and older (Lin et al., 2011). Speech perception capabilities in this population often are poorer
than younger CI users. Temporal encoding properties of the auditory nerve (AN), such as neural adaptation
and recovery from adaptation caused by prior stimulation, produce peaks in the discharge rate of the AN which
serve to enhance acoustic onsets in the speech waveform (Delgutte, 1997). Alteration in AN encoding such as
excessive neural adaptation and/or slow adaptation recovery could potentially lead to poor AN representation
of temporal envelope cues (Jeng et al., 2009), ultimately affecting speech perception (Nelson & Donaldson,
2001). Aging is known to be associated with AN degeneration (Wu et al., 2019), which could affect adaptation
and recovery processes. This study aimed to evaluate the effects of age on neural adaptation and adaptation
recovery at the AN in CI users.
Methods
To date, 30 postlingual deaf adult CI users have participated. Participants had a Cochlear ™ Nucleus® device
in the test ear and were split in to two groups, <65 and ≥65 years (average age: 52.1 and 72.6, respectively).
For both adaptation and adaptation recovery paradigms, 100-ms pulse trains were presented at 2 Hz in a
monopolar-coupled stimulation mode at four carrier pulse rates: 500, 900, 1800 and 2400 pulses per second
(pps). Stimuli were delivered to individual CI electrodes at the maximum comfortable level (i.e., C level)
measured at 2400 pps at four electrode locations (e.g., 3, 9 15, 21). The amount of neural adaptation at each
rate was quantified using the adaptation index (AI; He et al., 2016) defined as the averaged normalized
electrically evoked compound action potential (eCAP) amplitude measured within three-time windows over
the course of the pulse train. Adaptation recovery was evaluated by measuring eCAP amplitude in response
to a probe pulse at different time points after a masker-pulse-train ceases (i.e., the masker-probe interval, MPI)
using a modified-forward masking paradigm. MPIs tested were 359, 500, 1054, 2000, 4000, 8000, 16000,
32000, 64000, 128000, and 256000 µs. Mathematical modeling was used to estimate the time constants of the
adaptation recovery function.
Results
Preliminary results suggest AIs increased with carrier rate of the pulse train, with the smallest AI measured at
2400 pps. Aging had a significant negative effect on the amount of AI only at 1800 and 2400 pps. Two distinct
patterns of adaptation recovery function were observed. Different techniques were investigated to identify
optimized mathematical model(s) to estimate adaptation recovery time constants.
Conclusions
Preliminary results suggest the electrically-stimulated AN exhibited greater neural adaptation with advanced
age at high carrier rates. Additionally, neural adaptation recovery function varied among subjects, and across
electrode locations.
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W28. Spectral Weighting of Sound Localization Cues: Impacts of Simulated Hearing Loss and Noise
Masking
Binaural Hearing & Sound Localization
Monica Folkerts*1, Erin Picou1, G. Christopher Stecker2
1
Vanderbilt University, 2Boys Town National Research Hospital
Background
Listeners’ ability to localize a complex sound relies upon spatial cues (interaural-time-differences [ITDs] and
interaural-level-differences [ILDs]) distributed across the frequency spectrum. For listeners with normal
hearing (NH), the duplex theory of sound suggests that ITDs dominate the localization of broadband and lowfrequency stimuli while ILDs play a greater role in the localization of high-frequency stimuli [e.g. Macpherson
& Middlebrooks 2002, J Acoust Soc Am 111:2219-36]. Folkerts and Stecker [2018, ARO 42:505] employed
observer weighting methods to quantify spectral weighting functions (SWFs) for various complex sounds.
Frequency components with the highest weight fell within the spectral “dominance region”, around 400-800
Hz [Bilsen & Raatgever 1973, Acustica 28:131-132]. Folkerts and Stecker [2020, ARO 43:865] extended this
work to measure the effect of component intensity on SWFs. Frequency components with the highest weight
followed “level dominance” [Berg, 1990, J Acoust Soc Am 88:149-158] with increased weights for the loudest
components. The current study further extends this work by measuring the effect on SWFs when complex
sounds are filtered through a high-frequency sloping hearing-loss simulation (HLS) and when complex sounds
are presented with competing noise.
Methods
In one condition, target stimuli were processed by HLS that reduces audibility, broadens auditory filters, and
introduces temporal jitter to simulate hearing loss [Cuevas-Rodríguez et al. 2018, IEEE (SIVE)]. In a second
condition, targets were presented in a spatially complex noise background at various signal-to-noise ratios
(SNR); in that condition, target components were presented at equal intensity (no HLS). In both conditions,
NH listeners were asked to localize 100-ms complex tones containing seven noise-band components. Each
trial presented individual components with random azimuth variation of 0°, ±5, 6.25°, or ±11.25° around a
“base” azimuth selected for that trial. Base azimuths varied within a ±56.25° range across trials. Multiple
linear regression of the rank-transformed azimuthal response estimated the SWFs weights.
Results
In the HLS condition, weighting patterns were evaluated relative to audibility, frequency resolution, and ITD
ambiguities, all of which predict weighting function maxima to shift toward lower-frequency components.
Similarly, disruption of low-frequency binaural information in the competing noise condition at less favorable
SNRs, was predicted to increase weighting of high-frequency components [Brungart & Simpson 2009, J
Acoust Soc Am 126:3199–3208].
Conclusions
Spatial hearing may be impacted by shifts in the frequency dominance region due to reduced audibility
resulting from hearing loss or complex/noisy backgrounds with competing distractors. [Supported by NIH
R01-DC016643]
W29. Effects of Reduced Device Delay Mismatch on Precision and Trueness of Sound Localization
Judgements in Bimodal Listeners
Binaural Hearing & Sound Localization
Julian Angermeier*1, Werner Hemmert2, Stefan Zirn1
1
University of Applied Sciences Offenburg, 2Munich School of Bioengineering, Technical University of
Munich
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Background
Asymmetric hearing loss often leads to asymmetric provision with hearing devices in both ears. In bimodal
provision i.e. one ear provided with a cochlear implant (CI) and one ear provided with a hearing aid (HA), the
different devices are typically not aligned in terms of signal processing delays. This temporal difference is
called device delay mismatch. In earlier work Zirn et al. (2015) could show that this device delay mismatch
between an ear provided with a current MED-EL CI and a contralateral ear provided with a digital HA is
between 3 and 10 ms.
Methods
The presented work applied sound localization tests in an A-B-B-A test design to determine if a reduction of
the device delay mismatch has beneficial effects on sound localization accuracy in bimodal listeners. For this
purpose, a battery-powered, portable and programmable delay line was designed to be able to reduce the
device delay mismatch. With this device the CI stimulation was delayed according to the measured HA
processing delay in nine bimodal listeners.
Results
The applied reduction of device delay mismatch had significant effects on the precision (expressed by the rms
error) and the trueness (expressed by the signed bias) of the listeners sound localization judgements. The rms
error could be reduced from 52.6° to 37.9° and the signed bias was improved from 25.2° to 10.5° after device
delay mismatch reduction. Every test subject benefited.
Conclusions
Sound source localization accuracy in the frontal horizontal plane can be improved in bimodal CI/HA users
by reducing the device delay mismatch. Therefore, temporal alignment between CI and HA could be a viable
step to further improve bimodal provision.
W30. Contextual Plasticity in Sound Localization Induced by Passive Exposure to Transient Sounds
Binaural Hearing & Sound Localization
Stanislava Linková1, Gabriela Andrejková1, Norbert Kopco*1
1
P.J. Safarik University
Background
Contextual plasticity (CP) is a localization aftereffect occurring on the time scale of seconds to minutes. It has
been observed as a bias in horizontal sound localization of click target stimuli presented alone, when
interleaved with contextual distractor-target trials in which the distractor was at a fixed location while the
target location varied. The observed bias is always away from the contextual distractor location, even though
the distractor is not present on the experimental trials. Here, two experiments were performed. Exp. 1
examined whether this phenomenon is dependent on engagement of the subject in an active localization task
on the contextual trials, as used in previous studies. Here, instead, contextual trials only contained the
distractor without any targets, and the listener’s task was to passively listen to the context. It was hypothesized
that if CP is mainly caused by adaptation to the distractors, then it would be observed also in this condition.
Exp. 2 examined whether CP is also observed in virtual environments, both reverberant and anechoic. It used
a setup similar to Exp. 1 and it was hypothesized that the observed CP might be stronger than in Exp. 1, in
particular in anechoic virtual space, as no real-world anchoring to stimuli in real world is available. In both
experiments, distractor locations were varying from block to block while the target range was fixed across
blocks, to examine how CP depends on the distractor location.
Methods
In both experiments, the target stimulus was a 2-ms noise burst (click), while the distractor was a click train
consisting of 12 such clicks. Six target locations were used, ±33, ±22, ±11° in Exp 1 and ±30, ±20, ±10° in
Exp. 2. Distractor locations were fixed across block at 0, ±45, or ±90° in Exp. 1 and 0 or ±50° in Exp. 2. In
addition, baseline blocks contained no distractors. Subjects responded by using a numerical keypad while
seated with their heads supported by a headrest. Virtual environments in Exp. 2 were simulated by using nonindividualized HRTFs and BRIRs.
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Results
In Exp. 1, repulsive contextual biases of up to 5° were induced by the lateral distractors, while a bias of up to
3° was induced by the central distractor. In Exp. 2, the patterns were similar, but the effect was much stronger,
reaching up to 19° in the virtual anechoic condition and approximately 17° in the virtual reverberant condition.
The effects were strongest near the distractor and decreased with target separation from distractor.
Conclusions
These results confirm that contextual plasticity is a general localization aftereffect phenomenon that does not
require active engagement in a localization task.
[Work supported by APVV DS-FR-19-0025].
W31. Cortical Mechanisms of Binaural Integration Investigated Using Functional Near-Infrared
Spectroscopy (fNIRS)
Binaural Hearing & Sound Localization
Gabriel Sobczak*1, Xin Zhou2, Liberty Moore1, Ruth Litovsky1
1
University of Wisconsin - Madison, 2Waisman Center, University of Wisconsin - Madison
Background
Binaural hearing depends on integration of inputs from both ears by the auditory system and facilitates
perception of multiple sound sources in our auditory environment. Cochlear implants (CIs) have been used to
rehabilitate binaural hearing in listeners with single-sided deafness, who have intact hearing in one ear and
are deaf in the other (SSD-CI), and in listeners with bilateral deafness (BiCI). Behavioral data suggest that
both groups recover some binaural hearing, but they perform poorer than do normal-hearing (NH) listeners in
binaural hearing tasks. To date the binaural deficits of SSD-CI and BiCI listeners have not been studied on a
neural level. We aim to assess neural mechanisms of binaural integration by measuring cortical neural activity
using functional near-infrared spectroscopy (fNIRS).
Methods
To examine binaural integration, we utilize a paradigm devised by Cherry & Taylor (1954) in which sequential
speech segments alternate between ears. From low to high switching rates, this stimulus produces a canonical
V-shaped speech intelligibility function. At low switching rates, listeners extract speech information by
switching attention between ears. At high switching rates, listeners bridge the short and frequent silent gaps
in either ear to understand speech. However, at intermediate switching rates (around 4-6 Hz), neither strategy
is highly effective, therefore more effort is exerted to integrate the inputs from both ears and speech
intelligibility decreases. Using switching speech and fNIRS, this study assesses cortical activity in the bilateral
auditory cortices (AC), which are sensitive to speech intelligibility, and in the bilateral inferior frontal gyri
(IFG), which have been shown to encode effortful listening. We simulate SSD-CI and BiCI conditions for NH
listeners by presenting vocoded speech in the right ear or both ears, respectively. In a third condition, nondegraded (clear) speech is presented. For all stimulus conditions, speech is presented at four switching rates:
2, 4, 8, and 32 Hz. We also record intelligibility scores for all subjects.
Results
We hypothesize that speech intelligibility directly correlates with auditory neural responses, hence fNIRS
measures will yield greater cortical activity in the AC in conditions with more intelligible speech. Since our
selected switching rates are expected to reproduce the V-shaped intelligibility function in the SSD-CI and
BiCI conditions but not in the clear speech condition, then for the SSD-CI and BiCI conditions we expect to
observe V-shaped trends in peak amplitudes of block-averaged fNIRS responses in the AC. We also
hypothesize that increased effort is associated with greater cortical activity in the IFG; if the four switching
rates differ in task demands based on the posited listening strategies, then we will observe greater fNIRS
responses in the bilateral IFG in the more demanding conditions.
Conclusions
Research funded by the American Otological Society Fellowship Grant, and NIH DC003083.
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W32. Optogenetic Activation of Medial Olivocochlear Efferent Fibers
Cellular/Systems Development
Tais Castagnola1, Eleonora Katz1, Ana Belen Elgoyhen1, Juan Goutman1, Carolina Wedemeyer*1
1
Instituto de Investigaciones en Ingeniería Genética y Biología Molecular, Dr. Héctor N. Torres (CONICETUBA)
Background
During development, inner hair cells (IHCs) in the mammalian cochlea are unresponsive to acoustic stimuli
but instead present intrinsic electrical activity, crucial for the normal development of the auditory pathway.
During this same period, neurons originating from the medial olivocochlear complex (MOC) transiently
innervate the soma of IHCs. This synapse is mediated by acetylcholine (ACh), which activates nicotinic
receptors assembled by α9 and α10 subunits and ultimately controls IHC excitability during this period. Even
though this is a cholinergic synapse, previous evidence indicates the presence of abundant GABA and
presynaptic GABAB receptors. Moreover, the application of GABAB receptors agonists can reduce ACh
release.
Methods
To specifically drive gene expression in MOC efferent fibers, transgenic Chattm2(crc)Lowl/J-Cre (ChATCre) and Gad2tm1(cre/ERT2)Zjh/J-Cre (GAD2-Cre) mice were mated with a floxed ChR2 line, Ai32. Whole
cell patch clamp at the IHC were performed in P9-11 mice while optogenetically stimulated either cholinergic
(ChAT-Cre/ChR2) or GABAergic (GAD2-Cre/ChR2) fibers. The expression of Cre in GAD2-Cre mice was
induced by tamoxifen, injected during P1 to P5 (I.P 50µg/g).
Results
We showed, for the first time, that cholinergic MOC fibers can be optogenetically activated in ChATCre/ChR2 mice. We found that in ChR2 homozygous mice (n=10), Ach release is triggered more robustly
than in ChR2 heterozygous mice (n=7). In addition, blocking GABAB receptors with CGP36216 while
stimulating ChR2-expressing cholinergic fibers increased the amplitude of the response and decreased
synaptic failures, suggesting the presence of GABA together with ACh in the synaptic cleft. Optogenetic
experiments were also performed to activate GABAergic fibers in GAD2-Cre/ChR2 mice. Preliminary results
indicated that activation of ChR2 by light is not sufficient to elicit a measurable cholinergic synaptic response
in IHC per se.
Additionally, immunohistochemistry techniques were used to characterize cholinergic and GABAergic
expression in B6.Cg-Gt(ROSA)26Sortm14(CAG-tdTomato)Hze/J (tdTomato) crossed with ChAT-Cre or
GAD2-Cre respectively.
Conclusions
Although our functional data in ChAT-Cre/ChR2 mice suggest that, during development, GABA is coreleased with ACh from MOC terminals, a more detailed study of the GAD2-Cre /ChR2 mice would be needed
to back this conclusion.
W33. Caspase-3 Activity is Specialized for Non-Apoptotic Neurodevelopmental Functions in the
Auditory Brainstem
Cellular/Systems Development
Forrest Weghorst*1, Yeva Mirzakhanyan1, Paul D. Gershon1, Karina S. Cramer1
1
University of California, Irvine
Background
The auditory brainstem contains specialized circuitry responsible for determining sound source location based
on interaural differences in sound arrival time. This computation involves extremely precise neural
connectivity, the development of which is a major focus of our research. We previously showed that the
apoptotic protease caspase-3 is necessary for normal development of the chick auditory brainstem projection
pg. 71

The Association for Research in Otolaryngology (ARO)
The 44th Annual MidWinter Meeting
Wednesday, February 24, 2021, U.S. Eastern Time Zone

from nucleus magnocellularis (NM) to nucleus laminaris (NL). Inhibition of caspase-3 prior to the period of
developmental cell death in auditory brainstem nuclei resulted in NM axon mistargeting. However, the
mechanisms by which non-apoptotic caspase-3 activity facilitates the formation of the NM-NL synapse are
not known. Here we investigated processes downstream of caspase-3 by characterizing the proteins cleaved
by caspase-3 in the chick auditory brainstem.
Methods
Chick embryos were treated by intraventricular injection of the caspase-3 inhibitor z-DEVD-fmk or vehicle
solution on embryonic days 9 and 10. Brainstems were harvested and subjected to proteomic mass
spectrometry. Peptidomes were filtered for peptides likely generated by in vivo caspase-3 activity based on
two criteria: the peptide terminated in a caspase-like cleavage site (i.e. with a C-terminal aspartate or glutamate
residue), and the peptide was present in vehicle-injected brainstems but absent in caspase-3-inhibited
brainstems. Proteins with at least one such peptide were considered likely auditory brainstem caspase-3
(ABC3) substrates.
Results
ABC3 substrates included novel caspase-3 substrates as well as proteins cleaved by caspase-3 in other
contexts. Of the latter, cleavage targets previously identified in non-apoptotic contexts were more heavily
enriched among ABC3 substrates than cleavage targets previously identified in apoptotic contexts. We
generated an IceLogo of the ABC3 consensus cleavage site and found that the resulting tetrapeptide sequence
N-terminal of the scissile bond (DHRD) bore some similarity to that of the canonical caspase-3 consensus site
(DEVD). However, the substitution of “EV” with “HR” suggested a systematic change in the usual substrate
preference of caspase-3. We used functional annotation enrichment analysis to determine whether ABC3
substrates with “HR” cleavage sites were associated with a specific protein category disproportionately
targeted by caspase-3 activity. Compared to the background of all ABC3 substrates, the GO term “structural
constituent of cytoskeleton” was enriched among ABC3 substrates with an H or R at the same position as the
consensus sequence.
Conclusions
These findings suggest that the observed ABC3 consensus sequence reflects a shift toward cleavage of
cytoskeletal proteins, which are essential for axon guidance and synapse formation. This substrate preference
represents a specialized, non-apoptotic function for caspase-3 in auditory brainstem circuit formation.
W34. Three-Dimensional Human Dental Pulp Stem Cell Culture for Generating Otic Neuronal
Progenitor Spheroids
Cellular/Systems Development
Yassine Messat1, Orsolya Pall1, Pierre-Yves Collart-Dutilleul1, Frederic Cuisinier1, Azel Zine*1
1
University of Montpellier
Background
The development of a stem cell-based therapy for auditory neuron (AN) replacement requires overcoming
several challenges. One being to successfully differentiate otic neural progenitors (ONPs) from unlimited and
easy access source of stem cells for autologous cell therapy. Mesenchymal stem cell (MSC) therapy is an
emerging treatment modality for a number of human diseases. Human dental pulp stem cells (hDPSCs) could
be an alternative stem cell type as it possesses both mesenchymal and neural characteristic features due to its
ectodermal origin, ease of isolation and higher proliferation. In this study, we used neural differentiation
protocol to differentiate hDPSCs towards neural progenitors and subsequently to ONPs.
Methods
We used human DPSCs isolated from dental pulp tissue by immunoselection of a cell surface marker (Stro-1)
by flow cytometry to generate a homogenous cell population. MSC dental pulp Stro-1+ cells were cultured in
ultra-low attachment plates to generate proliferative neurospheres in a defined medium (DMEM/F12, N2)
supplemented with EGF and bFGF growth factors during 7 days in vitro. Initially, quantitative analysis (i.e.,
diameter,..) of spheroids was collected daily to follow their spatio-temporal dynamics over the time course of
in vitro three-dimensional (3D) cultures. Cell proliferation and apoptosis within the spheroids, were evaluated
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by the expression of Ki67 and Caspase3/7 assay respectively. Finally, we characterized the expression of
mesenchymal, neural crest and ONP gene markers in differentiated spheroids by qPCR and
immunocytochemistry analyses.
Results
Our in vitro data show that the neuro-induction of DPSCs by cell aggregation and growth factors generated
homogenous regular well shaped neuropheres of about 250 to 300 µm diameter. This diameter range of
spheroids has been deemed as an appropriate size to ensure factors and nutriment diffusion throughout the
spheroids. In parallel, apoptotic profile assessed by CASP3/7 expression was confined to a small area within
the spheroid core. Our preliminary characterization of differentiated spheroids by qPCR and
immunohistochemistry indicated expression of Pax6, an earliest marker for neural fate along with other
markers specific to neural crest (Nestin, Sox10,..) and ONP (Gata3, Sox2,..) lineage.
Conclusions
We generate hDPSC-derived ONP spheroids that mimic the gene expression profiles characteristic of ONPs,
which are upstream in the AN lineage. We are currently testing the potential of ONPs differentiation to AN
lineage in a 3D-spheroid model under different induction paradigms. This study represents a first step towards
future cell-based regeneration strategies for hearing loss.
W35. Ephrin-A3 is Required for Tonotopic Map Precision and Auditory Functions in the Mouse
Auditory Brainstem
Cellular/Systems Development
Wei-Ming Yu*1, Natalia Hoshino1, Yazan Altarshan1, Ahmad Alzein1, Amali Fernando1, Vincent Chen1,
William Rochlin1
1
Loyola University Chicago
Background
Sound information is transmitted to the central nervous system via spiral ganglion neurons (SGNs) in the
cochlea. Auditory nerve fibers of SGNs innervate the cochlear nucleus in the brainstem in a tonotopic fashion,
meaning connectivity of auditory neurons is organized by neuron’s responses to different sound frequencies.
Ephs and ephrins signaling molecules are known to be involved in axon guidance and have been shown to
play a role in development of topographic gradients in other sensory systems. In this study, we explored
whether Eph/ephrin signaling serves as a molecular guidance mechanism in tonotopic map formation.
Methods
We used in situ hybridization to screen the expression of ephrin molecules and found that ephrin-A3 molecules
are expressed in a gradient along the tonotopic axis of the cochlear nucleus during development. We then
conducted ephrin-A3 stripe assays to test whether ephrin-A3 forward signaling guides auditory nerve fibers
to find their targets in the cochlear nucleus and thus plays a role in tonotopic map formation. We also recorded
auditory brainstem responses and evaluated frequency discrimination using an acoustic startle-based approach
in ephrin-A3 mutant mice. We then exposed ephrin-A3 mutants to pure tones and analyzed tonotopic bands
of neuronal c-fos activation in the anteroventral cochlear nucleus.
Results
We found that auditory nerve fibers were repelled by stripes containing ephrin-A3 in a time-dependent fashion
during development. In the absence of ephrin-A3, mutant mice showed delayed auditory brainstem responses
and impaired sound-frequency discrimination in acoustic startle-based assays. Tonotopic bands of neuronal
activation upon pure-tone stimulation also became wider in the anteroventral cochlear nucleus of ephrin-A3
mutants.
Conclusions
These findings indicate an essential role of ephrin-A3 in tonotopic map formation and auditory functions.
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W36. POU3F4-Expressing Otic Mesenchyme Cells Promote Spiral Ganglion Neuron Survival
Cellular/Systems Development
Paige Brooks*1, Kevin Rose2, Meaghan Macrae1, Katherine Rangoussis1, Mansa Gurjar1, Ronna Hertzano2,
Thomas Coate1
1
Georgetown University, 2University of Maryland School of Medicine
Background
Current therapies to improve hearing, including hearing aids and cochlear implants, require intact and
functional auditory neurons. Within the inner ear, the primary auditory neurons, spiral ganglion neurons
(SGNs), are surrounded by mesenchyme cells, which express the transcription factor Pou3f4 (also known as
Brn4). POU3F4 mutations have been associated with DFNX2, the most common form of X-linked deafness.
Loss of Pou3f4 includes developmental malformations of the middle and inner ear, and loss of endocochlear
potential. We showed previously that interactions between Pou3f4-expressing mesenchyme cells and SGNs
control SGN axon bundling during development. Pou3f4 continues to be expressed by mesenchyme cells well
into adulthood, but how Pou3f4 continues to affect SGN development or maintenance following birth is not
well understood.
Methods
To address the impact of Pou3f4 on SGN development and maintenance, we documented Pou3f4 protein
expression in early postnatal mouse cochleae, then examined SGN survival and differentiation in Pou3f4
knockout mice (Pou3f4y/-). We also examined macrophage morphology and SGN axon outgrowth.
Results
In Pou3f4y/- mice, SGN density begins to decline by the end of the first postnatal week, with approximately
25% of SGNs ultimately lost. Interestingly, this period of neuronal loss coincides with elevations in apoptosis
and the appearance of a transient population of Pou3f4-expressing cells amongst spiral ganglion cell bodies.
We also found that macrophages in Pou3f4y/- cochleae appeared amoeboid, suggesting active phagocytosis
and/or that loss of Pou3f4 enhances oxidative stress in the cochlea. Finally, we used a sparse SGN labeling
model to examine axon outgrowth patterns in Pou3f4 nulls and found no differences in the percentages of
neurons making contact with the sensory domain. This suggests that SGN loss in Pou3f4y/- cochleae does not
result from loss of synaptic or trophic input from the sensory epithelium.
Conclusions
These data suggest that Pou3f4-expressing mesenchyme cells maintain SGN populations during the early
postnatal period. Currently, we are determining how otic mesenchyme cells signal to SGNs to promote their
survival.
W37. Programmed Cell Death Promotes Macrophage Recruitment Into the Developing Cochlea
Cellular/Systems Development
Vikrant Borse*1, Tejbeer Kaur2, Mark Warchol1
1
Washington University School of Medicine, 2Creighton University
Background
Programmed cell death plays a critical role in the development and maturation of the cochlea. In particular,
cellular remodeling occurs within the greater epithelial ridge (GER) of Kolliker’s organ, leading to the
formation of the inner sulcus. In mice, this period of cell death normally occurs between P5-13 (Peeters et al.,
Mol Cell Endocrinol 2015) and is essential for normal cochlear function. Similar forms of cell death are
common in many embryonic tissues, and the resulting cellular debris is often cleared by macrophages. The
developing cochlea contains numerous macrophages, but the role of macrophages in otic development is
unclear. This study examined the relationship between programmed cell death and macrophage numbers in
the cochleae of neonatal mice.
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Methods
Experiments used CX3CR1-GFP/+ mice, which express GFP in all macrophages. In initial studies, mice were
euthanized at P3-60 and their cochleae were removed, fixed and processed for immunolabeling. In other
studies, mice received either thyroid hormone (T3) or saline (controls) at P0 and P1, and their cochleae were
fixed and examined at P3-13. Specimens were labeled with combinations of anti-GFP (GFP+ macrophages),
anti-cleaved caspase 3 (apoptosis marker) and anti-SOX2 (supporting cell marker) antibodies, and cell nuclei
were labeled with DAPI. All cochleae were imaged as whole mounts using confocal microscopy.
Results
Dying cells in the GER were first observed in the basal region of the developing cochlea, beginning at P5. A
wave of apoptotic cells then progressed along the tonotopic axis of the cochlea, reaching the apex by P7 and
terminating by ~P13. We also observed changes in the numbers of macrophages in GER during this same
period. At a given spatial location, the increase in macrophage numbers lagged behind the initiation of cell
death by ~2 days. High numbers of macrophages were present throughout the GER between P7-10, and we
observed numerous macrophages engaged in the phagocytosis of dying cells. Prior studies have shown that
the onset of cell death in the GER is regulated by thyroid hormone and that treatment of the developing cochlea
with thyroid hormone (T3) can evoke early cell death (e.g., Peeters et al., 2015). In agreement with those
observations, we found that injection of T3 at P0/1 evoked cell death in the GER, beginning at P3. This early
induction of cell death was accompanied by early recruitment of macrophages into the GER, which began at
P5.
Conclusions
Our results suggest that programmed cell death is one factor that recruits macrophages into the developing
cochlea and that these macrophages engage in the clearance of dying cells.
W38. COVID-19 is Not Associated With Previous Otitis Media
Clinical Otolaryngology & Pathology
Regie Lyn Santos-Cortez*1, Scott Hirsch1, Christian Francom1
1
University of Colorado Anschutz Medical Campus
Background
Chronic inflammatory conditions are known risk factors for infection with SARS-CoV-2, the virus that causes
COVID-19. Understanding risk factors for infection is important in identifying patients more likely to contract
the disease. We investigated whether a previous diagnosis of otitis media is associated with an increased
frequency of COVID-19 diagnosis.
Methods
We reviewed the records of 362,015 adult and pediatric patients who sought consultation for suspected
COVID-19 anytime until August 10, 2020. The main inclusion criteria were: (1) a previous diagnosis of any
form of otitis media prior to March 15, 2020, whether suppurative, acute, recurrent, with effusion, or chronic
otitis media with or without cholesteatoma; and (2) a laboratory or clinical diagnosis of presence or absence
of COVID-19. Age (range 1-90 years) and sex were included as covariates. Standard statistical analyses using
t-test, chi-square test or logistic regression were performed.
Results
A total of 650 (0.18%) otitis media patients were clinically diagnosed with COVID-19, while 381 (0.11%)
otitis media patients had a laboratory diagnosis of SARS-CoV-2 infection. Only 275 (0.08%) individuals were
COVID-19-positive by both laboratory and clinical diagnoses. These rates are much lower than COVID-19
or SARS-CoV-2-positive rates within the state. The mean age for COVID-19-positive patients was 46 years,
while COVID-19-negative patients were younger at 26 years on average or a median of 16 years (p<2.2x1016). Sex was not a significant risk factor for infection. Initial chi-square analysis identified an association
between otitis media type (namely suppurative, recurrent, and chronic with or without cholesteatoma) and
clinical COVID-19, but these associations were not significant when corrected for age and sex.

pg. 75

The Association for Research in Otolaryngology (ARO)
The 44th Annual MidWinter Meeting
Wednesday, February 24, 2021, U.S. Eastern Time Zone

Conclusions
Unlike other inflammatory conditions, previous otitis media is not a predisposing factor for SARS-CoV-2
infection. Additional subset analyses are being performed to further determine the role of chronic
inflammatory conditions of the ear and other organ systems in predisposition to SARS-CoV-2 infection.
W39. A Retrospective Analysis of Diagnosed and Subclinical Executive Function Deficits in Children
With Hearing Loss
Clinical Otolaryngology & Pathology
Kristina M. Ward*1, Iram N. Ahmad1, Melissa S. Tribble1, Matthew B. Fitzgerald1
1
Stanford University; Lucile Packard Children's Hospital
Background
A growing body of evidence suggests that disrupted access to auditory input early in life alters the
development of neurocognitive processes, such as executive function. When compared to their normal-hearing
peers, children with hearing loss have been shown to perform more poorly on measures of executive function
(e.g., attention and working memory). These group differences are noteworthy in part because executive
function has been associated with language development and speech recognition in noise. However, the
prevalence of executive function deficits in a clinical population of children with hearing loss remains
unknown. Executive function is not routinely assessed as part of the pediatric audiologic test battery yet
concerns for children's ability to “listen” and “pay attention” are often reported by parents, caregivers, and
other professionals. These reports may reflect an increased prevalence of executive function deficits in
children with hearing loss, which would critically inform the clinical management of these children.
The primary objective of this study is to quantify the prevalence of subclinical and diagnosed executive
function deficits in children with hearing loss. A secondary objective is to determine whether the prevalence
of executive function deficits differs based on the type and degree of hearing loss as well as the management
and treatment options utilized.
Methods
A retrospective analysis was performed on medical records of children seen at Lucile Packard Children's
Hospital Stanford. The sample was narrowed to children between 0 and 21 years of age who were evaluated
for or diagnosed with hearing loss. Type of hearing loss was classified as conductive, sensorineural, or mixed.
Degree of hearing loss was stratified according to four-frequency pure tone average (i.e., air conduction
thresholds at 500, 1000, 2000, and 4000 Hz). Executive function deficits were characterized as diagnosed
(e.g., attention-deficit/hyperactivity disorder) or subclinical based on documented concerns without explicit
diagnosis (e.g., inattention, listening difficulties). Management and treatment options included: 1) fitting of
devices such as hearing aids or cochlear implants; 2) placement of pressure equalization tubes; 3) surgery for
treatment of hearing loss; and 4) watchful waiting.
Results
A preliminary review suggests that hearing loss in children is associated with a greater prevalence of either
diagnoses associated with executive function deficits, or with subclinical concerns raised on issues of
inattention or listening difficulties.
Conclusions
While preliminary, these results suggest that both diagnosed and subclinical executive function deficits are
widely observed in children with hearing loss. However, the extent to which concerns about executive function
reflect purely auditory phenomena or true difficulties in executive function remains unclear. This motivates
the development of clinical tools that can be included in the pediatric audiologic test battery to help distinguish
between auditory and executive function deficits, with the ultimate goal of better guiding patient care.
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W40. Single-Cell Vs Bulk ATAC-Seq: Methodological Insights From Whole Cochlear Sequencing
Genetics A: Genomics and Gene Regulation
Kevin Rose*1, Eldad Shulman2, Yang Song1, Beatrice Milon1, Rani Elkon2, Ronna Hertzano1
1
University of Maryland, 2Tel Aviv University
Background
A cell’s regulome consists of all cis-regulatory elements in its genome and encompasses information for gene
regulatory networks and transcriptional activities. Many bulk sequencing technologies have been utilized over
the years to study the regulome, including DNase-seq, ChIP-seq and ATAC-seq. However, these techniques
do not allow for a global understanding of each individual cell population in the tissue of interest. Recent
advancements in single-cell technologies have made it possible to study the regulomes of individual cells in
complex, heterogeneous tissues such as the cochlea. Single-cell ATAC-seq (scATAC-seq) is the most widely
used of these single-cell regulome mapping technologies because of its simple methodology, robust protocols,
and scalability to large numbers of cells. Typically, the number of expressed genes or open chromatin sites
detected from single cells is lower compared to bulk population-level measurements. The cause for this is
multifactorial, including sparse data due to a high frequency of dropout events, transcriptional bursting
(temporal fluctuation of transcript levels in individual cells), and higher levels of technical noise. Thus, in
choosing techniques for mapping chromatin accessibility in experimental design we are often faced with a
dilemma of resolution versus robustness of the chosen methodology.
Methods
In this study, we compare whole cochlear scATAC-seq to cochlear epithelial (CD326+) and non-epithelial
(CD326-) bulk ATAC-seq data for sensitivity and complexity. We also compare three different bioinformatic
methods to analyze the scATAC-seq data, including Signac, SnapATAC and scATAC-pro. In addition to
global analysis of chromatin accessibility we compare the epigenetic results obtained for several of the
canonical inner ear cell type-specific genes.
Results
We show the advantages of using either bulk ATAC-seq and scATAC-seq. The methodology to be used
depends on the bioinformatic analyses needed to address the underlying hypothesis, overall sensitivity and
complexity needed, and cell-types being studied. We also show the significant differences between multiple
scATAC-seq pipelines allowing for further investigation of transcription factor binding, gene expression and
developmental dynamics.
Conclusions
In conclusion, the presented analyses should help investigators in our field choose which methodology and
bioinformatic pipeline best suits their experimental design.
W41. Genomic Analysis of Profound Childhood Hearing Loss in the Yoruba Population of Nigeria
Genetics A: Genomics and Gene Regulation
Adebolajo Adeyemo*1, Rabia Faridi2, Parna Chattaraj2, Rizwan Yousef2, Risa Tona2, Samuel Okorie1, Thashi
Bharadwaj3, Liz M. Nouel-Saied3, Anushree Acharya3, Isabelle Schrauwen3, Robert J. Morell2, Suzanne M.
Leal3, Thomas B. Friedman2, Andrew J. Griffith82, Isabelle Roux2
1
Institute of Child Health, College of Medicine, University of Ibadan2 NIDCD, National Institutes of Health,
3
Center for Statistical Genetics, Gertrude H. Sergievsky Center, Taub Institute for Alzheimer's Disease and
the Aging Brain, Columbia University Medical Center
Background
There are hundreds of genes in which variant alleles cause sensorineural hearing loss in children. However,
the causative genes and alleles of hearing loss in Sub-Saharan African populations are still largely unknown.
It is widely assumed that there is great heterogeneity of mutations causing hearing loss in Sub-Saharan Africa
because of the very old age and ancient admixture of the Sub-Saharan African population. The back–migration
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of non-Africans into Africa in recent history has also added to this heterogeneity. We aimed to further elucidate
the variants causing hearing loss in indigenous Sub-Saharan Africans.
Methods
We ascertained 57 small families of Yoruba ethno-lingual ancestry in Ibadan, Nigeria, with at least one
individual with non-syndromic, severe to profound, prelingual-onset, bilateral hearing loss that could not be
attributed to nongenetic factors associated with hearing loss. We performed a combination of whole-exome
and Sanger sequencing analyses of their nuclear and mitochondrial genomes.
Results
No bi-allelic pathogenic variants were identified in GJB2, encoding connexin 26, a common cause of deafness
in many other populations. Variants predicted to be pathogenic or likely damaging were identified in genes
associated with non-syndromic deafness (ILDR1, MYO15A, TMPRSS3, TNC and WFS1) or Usher syndrome
(CDH23, CIB2, MYO7A, PCDH15, USH2A), and in three genes associated with other syndromic forms of
hearing loss (CHD7, OPA1 and TRRAP). Several rare mitochondrial variants, including m.1555A>G, were
detected in the mitochondrial gene MT-RNR1 but not in control Yoruba samples.
Conclusions
Pathogenic variants of GBJ2 play a limited role in the etiology of hearing loss in Sub Saharan African
population. Eighteen (29%) of 61 independent cases of hearing loss in this cohort of Yoruba families were
likely caused by variant alleles of genes reported to underlie deafness in other populations. All identified
pathogenic or likely damaging variants in individuals with hearing loss were private, most were detected in
compound heterozygosity, and 60% were novel. These results indicate an extremely high level of genetic
heterogeneity and underscore the need for more large-scale studies to identify the genetic causes of hearing
loss in Africa.
W42. Expression of Hearing Loss Related Genes in iPSC Derived Cells of the Human Inner Ear
Genetics B: General
Brett Colbert*1, Aida Nourbakhsh1, Nicolas Gosstola1, Derek Dykxhoorn1, Xue Liu1
1
University of Miami Miller School of Medicine
Background
Hearing loss (HL) is the most common sensory deficit. Induced pluripotent stem cells (iPSCs) derived from
patients with a known genetic etiology of hearing loss are a powerful tool to model and study the molecular
and cellular phenotype of specific HL-associated variants with the potential to act as a platform for the
development of novel therapeutic strategies. For this potential to be fully realized, it is essential to understand
the patterns of expression of different HL-associated genes across different cell types that constitute the inner
ear. The aims of this project were to derive inner ear hair cell-like cells and spiral ganglion neuron-like cells
from control iPSCs and determine the expression of important hearing loss-related genes in these iPSC
models.
Methods
Control iPSCs derived from an individual with no clinical hearing loss or mutations in known hearing loss
related genes were induced to differentiate into inner ear hair cell-like cells and spiral ganglion neuron-like
cells through previously established differentiation protocols. During the hair cell-like cell differentiation,
cells were harvested for RNA extraction at the otic epithelial progenitor stage (days 6, 12, 26, and 33) and hair
cell-like cell stage (day 40). During the spiral ganglion neuron-like cell differentiation, cells were harvested
at the otic neural progenitor stage (days 20 and 25), and at the spiral ganglion neuron-like cell stage (day 42).
qPCR was performed on cDNA derived from the RNA of each time point to determine the relative expression
levels of eight hearing loss related genes, namely P2RX2, GJB2, USH2A, TMPRSS3, SMPX, TMEM43,
ATP2B2, and KCNQ4.
Results
During the hair cell-like cell differentiation, P2RX2, TMPRSS3, TMEM43 and GJB2 increased in expression,
peaking at 90x, 13x, 2.5x and 36x fold change, respectively. During the spiral ganglion neuron-like cell
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differentiation, GJB2 and ATP2B2 were found to have an increase of expression (up to day 25, further results
pending). These expression patterns mimic what is seen in embryonic development.
Conclusions
Hearing loss genes are expressed in iPSC derived models of the inner ear. These models can be used to study
the molecular and cellular function of these genes. iPSC derived inner ear hair cell-like cells will be used to
study P2RX2, TMPRSS3, TMEM43 and GJB2 and spiral ganglion neuron-like cells will be used to study
GJB2 and ATP2B2. These models will also be used to develop novel therapeutics for mutations in these genes.
W43. Characterization of Novel AAV Capsid Variants for Delivery of GJB2 Gene Therapy for
Congenital Hearing Loss
Genetics B: General
Phillip Uribe*1, Pranav D. Mathur1, Christopher Bartolome2, David Jaramillo2, Anne Harrop-Jones1,
Stephanie Szobota1, Xiaobo Wang1, Jeremy Barden1, Fabrice Piu1, Steven Pennock2, Alan C. Foster1, Adrian
Timmers2, Mark Shearman2, Bonnie Jacques1
1
Otonomy, Inc., 2Applied Genetic Technologies Corporation
Background
Congenital hearing loss is the most common inherited sensory disorder. Of the over 100 genes associated with
hereditary deafness, most are expressed by either mechanosensitive hair cells or the neighboring support cells
which provide structural and homeostatic support. The GJB2 gene encodes the protein Connexin26 which
forms gap junctions in multiple cell types of the cochlea and mutations in this gene represent the most common
cause of genetic hearing loss. Target cells that normally express Connexin26 include the lateral wall and spiral
limbus fibrocytes as well as organ of Corti support cells. To develop a therapy for GJB2 deficiency, a gene
delivery tool which exhibits broad tropism is preferred. AAV-mediated gene therapy is an emerging platform
to safely deliver intact, functional genes to tissues exhibiting mutated alleles. The AAV capsid represents a
critical component that largely dictates tropism. We conducted a head-to-head evaluation of novel and
previously described AAV capsids in both an optimized ex vivo model as well as multiple in vivo models,
including a non-human primate (NHP) study, to assess cochlear tropism.
Methods
P2-P4 rat or mouse pups were used for all ex vivo experiments. Whole organ cochlear explants were treated
with AAV either continuously for 120 hours or for 48 hours followed by washout and 72 hours in media
without AAV. Several previously characterized or novel AAV variants were tested; all capsids utilized the
CBA promoter to drive the expression of reporter constructs to allow for rapid visualization of cellular
transduction. For evaluation of tropism, cochlear explants were imaged on a confocal microscope and the
tissue coverage of the AAV reporter was quantified. Phalloidin staining was used to assess potential cell
toxicity resulting from AAV treatment. Adult NHPs were dosed intracochlearly with an AAV variant via the
round window membrane then euthanized 12 weeks later. Cochleae were sectioned and evaluated for AAV
reporter expression by immunohistochemistry.
Results
Our comparative study in cochlear explants identified capsids with significantly high transduction efficiency,
including several with greater transduction efficiency than previously described AAV variants. Top
performing capsids exhibited transduction in all target cells that natively express Connexin26. Importantly,
none of the AAV capsid variants tested in this study exhibited signs of toxicity within the organ of Corti.
Evaluation of tropism in NHPs showed similar patterns as in cochlear explants, demonstrating the suitability
of these capsids for clinical development.
Conclusions
We identified several AAV capsids with more favorable tropism profiles than previously reported topperforming variants in the cochlea and confirmed that these capsids are capable of transducing relevant cell
types in primate in vivo studies. These results support the further development of this specific AAV-based
gene therapy for GJB2-related hearing loss.
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W44. Rare Variants in OTOG and GRHL2 Contribute to Meniere’s Disease in Adults
Genetics B: General
Shadi Ahmadmehrabi*1, Binglan Li2, Tiffany Hwa2, Joseph Park2, Jason Brant2, Michael Ruckenstein2,
Douglas Epstein2, Dan Rader2
1
Cleveland Clinic Lerner College of Medicine, 2University of Pennsylvania
Background
Most cases of Meniere’s Disease (MD) are considered sporadic, however, familial aggregation, variable
expressivity, and incomplete penetrance have been described. Recently, aggregation of rare variants in known
sensorineural hearing loss (SNHL) genes in sporadic cases of Meniere’s disease has been reported at a small
scale.1
Methods
To explore the role of rare variants in MD, using a genome-first approach, carriers of predicted pathogenic
variants in known SNHL and suggestive Meniere’s genes were identified in the Penn Medicine Biobank
(PMBB) and tested for association between carrier status and phenotype. We also prospectively genotyped
patients presenting with MD in a neurotology clinic.
Results
Adjusting for age, gender, and ancestry, rare predicted loss-of-function variants in OTOG were independently
associated with an increased odds of Meniere’s Disease at p = 0.01635 (beta = 2.4909). Additive gene burden
analysis against MD was significant above Bonferroni-correct threshold for GRHL2 (p = 0.0002916461, beta
= 2.8626435). Twelve genes showed nominal significance above p = 0.05. These results were replicated in
United Kingdom Biobank for OTOG (p = 0.00790267). In a neurotology clinic, 19 patients with a variety of
hearing loss and MD presentations were prospectively genotyped using a hearing loss gene panel (GeneDx,
Gaithersburg, MD). Three patients carried rare OTOG variants (MAF < 0.001 in gnomAD); two of the three
rare variant carriers were clinically diagnosed with Meniere’s Disease by a neuro-otologist prior to
genotyping.
Conclusions
Our approach of a retrospective genomic association study for MD was complemented by findings from
prospective clinical genotyping for an association between OTOG rare variants and MD and suggests a
possible association with GRHL2.
W45. ATOH1, a Novel Human Deafness Gene, Detected in the Jewish Population Among a Spectrum
of Genes for Inherited Hearing Loss
Genetics B: General
Zippora Brownstein*1, Mor Bordeynik-Cohen1, Suleyman Gulsuner2, Tom Walsh2, Weise Chang3, Noam
Shomron1, Matthew W. Kelley3, Mary-Claire King2, Karen B. Avraham1
1
Tel Aviv University, 2University of Washington, 3NIH
Background
Variants in more than 150 genes are responsible for inherited hearing loss. The Jewish population in Israel is
made up of communities that differ with respect to geographic origin, spoken language, and traditions.
Endogamy has led to high frequencies of recessive genetic traits, many due to founder mutations. The variety
of alleles reveal a wide range of deafness-associated variants with relationships between genotype, phenotype,
and ethnicity, setting guidelines for clinical genetic counseling for the deaf.
Methods
DNA from both hearing impaired and hearing members of 88 multiplex families, with non-syndromic or
syndromic hearing loss, were sequenced using the HEar-Seq gene panel of known and candidate deafness
genes. One of these was a five-generation family, HL263, with early onset, progressive non-syndromic hearing
loss of Iraqi Jewish origin.
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Results
The genetic causes of hearing loss were revealed for 60% of the families, including novel variants in 25 genes.
One gene was encountered for the first time in human hearing loss: ATOH1 (Atonal), a basic helix-loop-helix
transcription factor. ATOH1 was included on the panel because several mutations in the mouse ortholog lead
to hearing loss. The ATOH1 c.1030delC variant co-segregated with hearing loss in family HL263. Whole
exome sequencing, confirmed there were no other potentially damaging variants in any genes that cosegregated with hearing loss in this family. The ATOH1 c.1030delC causes a frameshift; western analysis
revealed a significantly slower rate of degradation for mutant ATOH1 protein compared to wild-type ATOH1
protein. Cochlear explants from Atoh1-/- mice were transfected with wild-type or mutant Atoh1, leading to
the induction of hair cells.
Conclusions
Our results led to the identification of an ATOH1 pathogenic variant for the first time. Given the critical role
of this transcription factor in inner ear development, it is not surprising that only a mutation in this region of
the protein would be viable. We hypothesize that untimely expression of ATOH1 may generate immature
ectopic hair cells, which interfere with development of normal hair cells and ultimately leading to hearing
loss. Our results also demonstrate that genomic sequencing with a gene panel dedicated to hearing loss is
effective for genetic diagnoses in a diverse population. Comprehensive sequencing enables well-informed
genetic counseling and clinical management by medical geneticists, otolaryngologists, audiologists and speech
therapists and can be integrated into newborn screening for deafness.
W46. The Molecular Background of Hearing Impairment Due to Severe Cochleovestibular
Malformations
Genetics B: General
Isabelle Schrauwen*1, Suzanne Leal1, Elina Kari2
1
Columbia University, 2University of California San Diego
Background
Rare disorders pose challenges in patient diagnosis, management and treatment. In a subset of children with
profound congenital sensorineural hearing impairment, this can be due to an abnormal cochleovestibular (CV)
anatomy such as cochlear aplasia. These children require a fast and suitable intervention to maximize social,
mental, speech and language development. Unfortunately, the etiology of these conditions is unclear. Many
genetic studies lack imaging data and several of these malformations are rare, especially those that are bilateral
and non-syndromic. An exception of this is the enlargement of the vestibular aqueduct, which is a more
common malformation often associated with SLC26A4 variants.
Methods
By combining detailed temporal bone imaging data with a family-based exome sequencing approach, we
investigated the genetic etiology of CV abnormalities in affected children. So far, we have completed
sequencing in 16 CV families and are actively completing sequencing in additional families and enrolling
novel families.
Results
We have successfully identified genetic factors implicated in these disorders and have demonstrated
phenotypic similarities in Danio Rerio mutant models for candidate genes. In 50% of the families, we
identified a pathogenic or likely pathogenic variant, of which 50% were de novo. De novo variants are often
implicated in neurodevelopmental disorders and often more harmful than inherited variants as they are not
subjected to strong natural selection. In addition, our data demonstrates that children with malformations of
the 8th cranial nerve share pathogenic mechanisms such as defects in neural crest regulatory molecules (e.g.
GREB1L, MASP1, SIX1). Therefore, they can be classified as (cranial) neurocristopathies.
Conclusions
Although severe bilateral CV malformations are challenging to study due to their rarity, they can provide us
with unique insights into the developing human ear. We aim to establish a molecular database of children with
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CV malformations and encourage researchers at the conference to combine efforts to elucidate the etiology of
rare disorders affecting hearing.
W47. BAIAP2L2 Localization in Hair Bundles Relies on Mechanotransduction and Ca2+
Hair Cells: Anatomy & Physiology
Julia Halford*1, Adam Carlton2, Walter Marcotti2, Peter Barr-Gillespie1
1
Oregon Hearing Research Center & Vollum Institute, 2University of Sheffield
Background
The hair bundle develops in a highly stereotyped manner to generate the consistent dimensions and features
necessary for functional mechanotransduction (MET) and sensitive hearing. MET itself regulates bundle
morphogenesis, and the correct targeting of several bundle proteins depend on MET. BAIAP2L2, the product
of the novel mouse deafness gene Baiap2l2, appears to be one such protein. EPS8 and the motor protein
MYO15A form a complex that is responsible for correctly targeting several bundle proteins, and we have
recently shown that BAIAP2L2 targeting to stereocilia requires both of these proteins (Carlton et al., under
review). We also showed by pulldown assay with recombinant proteins that BAIAP2L2 interacts with EPS8
(Carlton et al., under review). As the localization of MYO15A and EPS8 within the bundle are regulated by
MET, we hypothesized that BAIAP2L2 is delivered to stereocilia tips as a cargo of the MYO15A-EPS8
complex, and that Ca2+ entering through open transduction channels may cause BAIAP2L2 to dissociate from
this complex and persist at tips of transducing stereocilia.
Methods
We localized BAIAP2L2 in mutant mice (Tmc1;Tmc2 DKO, Tmie KO, Pcdh15 KO, Myo15a KO, Eps8 KO)
by whole-mount immuno-staining. Pull-down assays were used to examine identify where BAIAP2L2 binds
EPS8. Cochlear explants were prepared using tissue from wild-type mice, cultured either in the presence of
the mechanotransduction blocker tubocurarine or the cell-permeant Ca2+ chelator BAPTA-AM, and then
immuno-stained for BAIAP2L2 and EPS8 to test the effect on BAIAP2L2 localization. The effect of Ca2+ on
BAIAP2L2-lipid interactions was investigated by protein-lipid overlay assay and co-flotation.
Results
In Tmc1;Tmc2 double knockout or Tmie knockout transduction mutants, BAIAP2L2 no longer enriches in
row 2 stereocilia, but instead localized weakly to all tips. In Eps8 and Myo15a knockout mice, BAIAP2L2
was absent from stereocilia tips. Similarly, BAIAP2L2 no longer enriched at stereocilia tips after culture with
either tubocurarine or BAPTA-AM. EPS8 localization shifted from predominantly labelling row 1 tips to
labelling all stereocilia tips following tubocurarine treatment, whereas its localization was unchanged after
culturing with BAPTA-AM. BAIAP2L2 binds within residues 1-441 of EPS8, suggesting that BAIAP2L2
binding of EPS8 may not compete with formation of the MYO15A-EPS8 complex, as MYO15A binds within
residues 535-821 of EPS8 (Manor et al., 2011). Using a protein-lipid overlay assay, we found that the
BAIAP2L2 I-BAR domain bound PI3P, PI4P, and PI5P. Binding was abolished in the absence of Ca2+.
Similarly, Ca2+ facilitated BAIAP2L2 I-BAR binding to phosphoinositide-containing liposomes.
Conclusions
BAIAP2L2 requires MET for correct targeting, and preliminary data suggest that the interaction of BAIAP2L2
with phospholipids depends on Ca2+. We suggest that BAIAP2L2 targeting to tips of transducing stereocilia
may occur because the protein’s interaction with the membrane environment is elevated by Ca2+ that enters
through open transduction channels.
W48. Investigating Ultrastructural Consequences of Aging On Murine Inner Hair Cell Ribbon
Synapses
Hair Cells: Anatomy & Physiology
Loujin Slitin*1, Carolin Wichmann1
1
Institute for Auditory Neuroscience, InnerEarLab & Center for Biostructural Imaging of Neurodegeneration,
University Medical Center Göttingen
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Background
The ribbon synapses between inner hair cells (IHCs) and auditory nerve fibers (ANFs) mediate coordinated
and indefatigable neurotransmission allowing for continuous sound encoding with exceptional temporal
precision (Moser and Beutner, 2000; Matthews and Fuchs, 2010). A hallmark of these synapses is an electrondense structure, called the synaptic ribbon. These ribbons tether a halo of glutamate-filled synaptic vesicles
(SVs) via proteinaceous filaments (Glowatzki et al., 2008) to support rapid SV replenishment over long
periods of time (Moser and Beutner, 2000; Pangšrič et al., 2010). SVs appear to be organized in
morphologically distinct SV pools such as the membrane-proximal and the ribbon-associated pool (Frank et
al., 2010; Chakrabarti et al., 2018).
Recent research in mice revealed the vulnerability of these specific synapses upon age-related hearing loss.
IHC ribbon synapses are among the first structures to get affected by aging, leading to disrupted auditory
transmission, known as age-related cochlear synaptopathy (Stamataki et al., 2006; Sergeyenko et al., 2013).
We hypothesize that on the degeneration timeline, structural alterations such as disturbed ribbon organization
or synaptic vesicle pool arrangements precede any major morphological changes like the loss of ribbons or
postsynaptic ANFs. We use electron microscopy to assess the ultrastructure of presynaptic IHC active zones
(AZs) of different mice models and at different age groups.
Methods
We compared the ultrastructural alterations in C57BL/6J mice, a broadly used wild-type strain with an earlyonset of progressive hearing loss (Henry, 1983; Johnson et al., 2000), with the otoferlin knock-out (KO) mice,
which are profoundly deaf (Roux et al., 2006). We employed high-pressure freezing (HPF) and freeze
substitution (FS) to achieve a rapid immobilization and near-to-native state preservation of the tissue.
Individual ribbon synapses were analyzed using electron tomography (ET), which ensures 3D visualization in
high z-resolution. Parameters like ribbons’ structure, size and number of SVs as well as their tethering state
of the different morphological vesicle pools were determined and compared between 6 weeks-old and 10-12
months old mice.
Results
We observed a significant increase in the ribbon size upon aging in both C57BL/6J and otoferlin KO mice.
Moreover, the majority of the ribbons in the older age-group harbored a hollow core, what is also known as
‘fenestrated ribbons’ (Sobkowicz et al., 1982; Michanski et al., 2019). As described previously, we detected
large clusters of heterogeneous, irregularly-shaped vesicles (Stamataki et al., 2006), which we termed
’pleomorphic vesicle clusters‘ in aging C57BL/6J. These were also present in both young & aging otoferlinKO IHCs. These clusters were located close to the nucleus but also in direct ribbon synapse vicinity.
Conclusions
These preliminary results shed light on different ultrastructural features that occur upon aging at IHC ribbon
synapses, which might correlate to synapse dysfunction and age-related hearing loss.
W49. Loss of Baiap2l2 Destabilizes the Transducing Stereocilia of Cochlear Hair Cells and Leads to
Deafness
Hair Cells: Anatomy & Physiology
Adam Carlton*1, Julia Halford1, Anna Underhill1, Jing-Yi Jeng1, Matt Avenarius1, Merle Gilbert2, Federico
Ceriani1, Kimimuepigha Ebisine3, Steve Brown3, Michael Bowl3, Peter Barr-Gillespie4, Walter Marcotti1
1
University of Sheffield, 2Oregon Health & Science University, 3MRC Harwell Institute, 4Oregon Hearing
Research Center & Vollum Institute
Background
BAIAP2L2 is a member of the I-BAR protein family, which are able to dimerise via their I-BAR domain to
detect and induce negative membrane curvature. Thus, by localising to the curvature at the tips of actin
protrusions, and recruiting actin effectors such as EPS8, I-BAR proteins can regulate their growth. In the
cochlea, the actin stereocilia rows of hair cells are precisely arranged to form a staircase, which is essential
for mechano-electrical transduction (MET). This morphology is established and maintained by the differential
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localisation of actin effectors. For example, EPS8 is localised to the tips of the tallest row and EPS8L2 is at
the tips of the shorter two rows. Given the role of I-BAR proteins in recruiting EPS8 to growing actin
protrusions, we hypothesised that BAIAP2L2 is essential for stereocilia development by localising EPS8.
Methods
The hearing thresholds of BAIAP2L2 null animals were investigated using auditory brainstem responses at
different postnatal ages in order to determine the progression of hearing loss. Scanning electron microscopy
as used to investigate the morphology of the hair bundles. Patch clamp experiments were used to record the
MET current while displacing the stereociliary bundle of hair cells using a piezo-driven fluid jet. Whole mount
immunolabelling of the cochlea sensory epithelium was also used to determine the localisation of BAIAP2L2
and the interaction relationship with EPS8. Pull-down assays were used to investigate protein-protein
interaction.
Results
BAIAP2L2 null animals already showed a significantly elevated hearing thresholds in post-natal day 14 (P14)
mice, and this hearing loss progressed to full deafness by around 8 months of age. Immunolabelling showed
that BAIAP2L2 is selectively localised to the shorter rows of stereocilia. BAIAP2L2 knockout mice showed
a progressive degeneration of the shorter rows of stereocilia starting from about P10 in outer hair cells (OHCs)
and a few months later in inner hair cells (IHCs). This defect in bundle morphology was associated with a
reduced MET current. We also showed that BAIAP2L2 interacts with key proteins known to be essential for
the normal morphogenesis and maintenance of the stereociliary (CDC42, RAC1, EPS8, and ESPNL). Finally,
the localization of BAIAP2L2 to the stereocilia tip requires both EPS8 and MYO15A.
Conclusions
We have demonstrated that BAIAP2L2 is essential for maintaining the shorter rows of stereocilia in both
OHCs and OHCs. We propose that MYO15A, EPS8 and BAIAP2L2 are likely to be part of a stereociliary
protein complex involved in the maintenance of adult cochlear hair cells transducing stereocilia.
W50. Kv1.8 Potassium Channels in Mouse Vestibular Hair Cells
Hair Cells: Anatomy & Physiology
Hannah Martin*1, Vincente Lumbreras1, Gabriela Pregernig2, Soumya Negi2, Kathy S. So2, Monika
Kowalczyk2, Ryan McCarthy2, Adam T. Palermo2, Steven D. Price3, Anna Lysakowski3, Joseph C. Burns2,
Ruth Anne Eatock1
1
University of Chicago, 2Decibel Therapeutics, Inc, 3University of Illinois at Chicago
Background
Potassium (K+) currents in vestibular hair cells play dynamic roles in shaping receptor potentials. Voltagegated K+ (Kv) channels are strikingly different in the type I and type II hair cells (HCI and HCII) of amniote
vestibular organs. HCI have a non-inactivating low-voltage-activated K+ conductance (gK,L) that strongly
affects the gain and time course of receptor potentials and participates in non-quantal transmission with the
post-synaptic calyx. HCII lack gK,L; as in most hair cells, their KV channels activate positive to resting
potential, including an inactivating A-type K+ conductance (gA). Here we report evidence that Kv1.8 channel
expression plays a role in the expression of both gK,L and gA.
Kv1.8 (gene name: Kcna10) is highly expressed in mouse vestibular hair cells (Scheffer et al. J Neurosci.
35:6366, 2015) and, in a constitutive knockout of Kv1.8 (B6-Kcna10TM45 mice; Lee et al. Hearing Res.
300:1, 2013), the vestibular evoked potential, VsEP, in response to head accelerations was strongly reduced.
Methods
To investigate possible contributions of Kv1.8 channels to hair cell voltage-gated currents, we recorded from
hair cells in semi-intact preparations of the utricles of B6-Kcna10TM45 mice (postnatal days 10-300).
Sectioned utricular epithelia were stained with anti-Kv1.8 (Alomone). The level of Kcna10 transcripts in
subtypes of mouse utricular hair cells was assessed using an existing single-cell RNA-Seq database that spans
embryonic (E14.5) to adult ages.
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Results
HCI in null mutants lacked gK,L: relative to littermate controls, steady-state maximal conductance density
was reduced 95% and voltage of half-maximal activation (Vhalf) was shifted +40 mV. HCII in null mutants
lacked gA: relative to littermate controls, peak maximal conductance density was reduced 66-84% and
inactivation time course was greatly slowed. The HCI and HCII conductances that depend on Kv1.8
expression (gK,L and gA) have very different voltage dependence: gK,L Vhalf –82 ± 1 mV (mean ± SE,
n=44); gA Vhalf –22 ± 1 mV (28). Antibody labeling of null and wildtype utricles shows specific expression
in HCI and HCII basolateral membranes, and single-cell RNAseq shows Kcna10 expression in both HCI and
HCII, with higher levels in HCI.
Conclusions
If Kv1.8 is a pore-forming subunit in both gK,L and gA, then the voltage dependence and inactivation rate of
these conductances depend on additional factors that are differentially expressed in HCI and HCII. Single-cell
RNA data suggest candidates: β subunits Kv1β1 and Kv1β2 are enriched in HCI and HCII, respectively, and
the A-type channel subunit Kv1.4 is enriched in HCII. Pharmacological experiments on HCII suggest that gA
may be a heteromer of Kv1.4 and another Kv1 α subunit, for which Kv1.8 is a possible candidate.
Supported by NSF Graduate Research Fellowship to HRM and NIH grant R01 DC012347. We thank T.B.
Friedman and S.M. Jones for the generous gift of B6-Kcna10-TM45 mice.
W51. Confocal Laser Scanning Microscopy of Inner Ear Ribbon Synapses with a Cochlear Implant in
Situ
Hair Cells: Anatomy & Physiology
Kathrin Malfeld*1, Nina Armbrecht1, Holger Volk2, Thomas Lenarz1, Verena Scheper1
1
Hannover Medical School, 2University of Veterinary Medicine Hannover
Background
Sensorineural hearing loss affects not only and not always at first the sensory cells of the inner ear, but often
their synapses and subsequent neurites are initially damaged. These auditory synaptopathies are examined at
the research level to identify the cascades of hearing pathologies and have also moved into the focus of therapy
development. Auditory synaptopathies also play an important role in the framework of cochlear implant (CI)
care, since they can lead to a loss of physiological hearing in patients with residual hearing. Accordingly, CIdependent traumatization, which leads to synaptopathy, and corresponding therapy options are being under
investigation.
We aimed to develop a method to examine implanted inner ears of guinea pigs, an animal model commonly
used in hearing research, at the synapse level.
Methods
Fresh (bolt shot) and transcardically perfused and paraformaldehyde fixed cochleae from pigmented and
albino guinea pigs were used. A cochlear implant was inserted into the scala tympani and secured at the round
window niche using a drop of dental cement. The specimens were decalcified and subsequently
immunostained for ribbon synapses and hair cells using antibodies against CtBP2, PDS95 and myosin VIIa.
The cochleae were either processed for histology as intact samples or cut into three pieces (basal, medial,
apical) or the bony capsule was removed. To visualize the synapse level without separating the
neuroepithelium they were made transparent (methyl salicylate benzyl benzoate (MSBB)) and 3D-imaged
using confocal laser scanning microscopy (CLSM).
Results
We detected a difference in fluorescence intensity with albinos giving a better response than pigmented guinea
pigs. There was no difference in immunostaining intensity between fresh or perfused samples. With all three
preparation methods used the complex helical structure of the cochlea remains intact and an overview image
of the cochlea for assessing the CI position is possible. Synapse imaging was possible in cochleae with
removed bony capsule and in those cut into three pieces. Dissection of the bony capsule can cause damage of
the lateral wall whereas cutting into pieces can damage the basilar membrane.
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Conclusions
We developed a technique to visualize the ribbon synapses of cleared guinea pig cochleae with a CI in situ.
Removal of the bony wall and dissection into three pieces allow evaluation of the cochlear implant position
as well as visualization of the sensory cells including the synapses. In our hands the removal of the bony
capsule of the cochlea is superior over three-pieces dissection due to the fact that lateral wall damage is more
acceptable when being focused on basilar membrane evaluation. This novel technique can be applied in a wide
field of hearing research focusing on synaptopathy.
W52. Open Board
W53. Influence of Geometry on the Summating Potential From Outer and Inner Hair Cells
Inner Ear: Anatomy & Physiology
Kendall Hutson*1, Stephan Pulver1, Amy Lee1, Douglas Fitzpatrick1
1
University of North Carolina
Background
In electrocochleography (ECochG), the summating potential (SP) is the dc offset that can be measured during
tone bursts. Recently, Pappa et al., (J Neurophysiol. 121:2163-2180, 2019) showed by using ototoxins and
neurotoxins that SP contributions from outer and inner hair cell populations (OHCs and IHCs) recorded at the
round window (RW) have opposite polarities. A possible source of this difference is for the operating point
of OHCs to be set such that acoustic stimulation reduces the standing current (more channels open than closed
at rest), while the operating point is the opposite for IHCs(more closed than open channels). Another is
different spatial locations with differing geometric orientations relative to the recording electrode for the two
groups. Different source locations for OHCs and IHCs would also arise from different operating points, but
the OHC bias could be towards more channels closed than open at rest. We report SP observations recorded
after changing the placement of recording electrodes to locations other than the RW, as a means to examine
changes in the composition of the SP in relation to the geometry of recording sites and the frequency
organization of the cochlea.
Methods
Normal hearing (NH) or animals treated with ototoxic combinations of furosemide/kanamycin (FK, 100
mg/kg ip and 200 mg/kg sq) to remove OHCs and leave IHCs intact were used. Under urethane anesthesia
(1.5 g/kg, ip), ECochG’s were recorded after application of the neurotoxin kainic acid (KA, 60 mM) to the
round window. Responses in FK animals originate from IHCs alone, while the OHC contribution is obtained
by subtraction of FK cases (IHCs only) from normal hearing cases (OHCs and IHCs). Stimuli, delivered
through sealed tubes, were tone bursts (40ms duration from 0.25 to 32kHz at intensities from 0-90 dB SPL).
Recording electrodes were placed at the RW or into holes (100 microns) drilled over the 16kHz region of scala
tympani (ST), or 16kHz or 2kHz region of scala media (SM). Inverting electrodes were in the neck muscle or
RW and a ground electrode was at the base of the tail. Hair cell cochleograms and the location of each
recording site were reconstructed relative to a 3-D frequency map of each cochlea after processing for light
sheet microscopy (see Hutson et al., J. Comp. Neurol. Epub ahead of print, 2020).
Results
For the RW, the OHCs and IHCs had opposite polarities for all frequencies as previously reported, and this
was also true for the 16kHz ST and 2kHz SM recordings. However, for the 16kHz SM recordings the OHCs
and IHCs sometimes had the same polarities.
Conclusions
Since the OHC and IHC polarities did not always have opposite polarities when stimulated with the same
frequencies, a geometric explanation is supported.
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W54. Relationship Among Selective Inner Hair Cell Loss and Auditory Brainstem Response
Amplitudes in Carboplatin-Treated Chinchillas
Inner Ear: Anatomy & Physiology
Celia Escabi*1, Aastha Trehan1, Andie Zang1, Monica Trevino1, Karen Pawlowski1, Edward Lobarinas1
1
University of Texas at Dallas
Background
Pure tone audiometry is the most common and universally accepted metric for hearing health. However,
compelling evidence from animal models demonstrates that significant cochlear damage, such as loss of
afferent auditory synapses or severe loss of inner hair cells (IHC), can go undetected by traditional threshold
measures as long as OHCs have minimal damage. Furthermore, the relationship among threshold and
suprathreshold outcomes is complex and not well correlated even in the absence of retrocochlear pathology.
Pre-clinical physiological studies measuring auditory brainstem response (ABR) outcomes have shown little
to no change in thresholds following selective IHC loss or synaptopathy. These cochlear lesions have been
shown to reduce the amplitude of the compound action potential (CAP), synonymous with wave-I of the ABR,
suggesting a reduction in cochlear output despite the absence of elevated thresholds. In contrast, wave-IV
amplitudes have been found to remain normal or even enhanced in the presence of auditory fiber loss. Whereas
the ABR wave-I amplitude reduction at suprathreshold level is the established hallmark of afferent synapse
loss, the relationship among IHC loss and other suprathreshold metrics of the ABR are limited. For the current
investigation, we sought to evaluate the relationship among ABR wave-I and wave-IV amplitudes in
chinchillas before and after carboplatin, a treatment that reliably and selectively destroys IHCs in this species.
Methods
Free feeding, young adult chinchillas, were used as part of a larger study aimed at assessing psychophysical
and physiological changes in cochlear status associated with selective IHC loss. ABR thresholds and distortion
product otoacoustic emissions (DPOAEs) were evaluated to assay the status of normal cochlear nonlinearity
and as a measure of overall hearing sensitivity. ABR wave-I and wave-IV suprathreshold amplitudes were
measured bilaterally at 90, 80, and 70 dB SPL with 1, 2, 4, 8, 12, and 16 kHz tone pips. DPOAEs, Pre-, and
post-carboplatin ABR measures were obtained using a commercially available clinical system. Following
baseline measures, animals were treated with a single dose of 75 mg/kg of carboplatin (i.p., by body weight),
a dose reliably shown to produce 50-80% IHC loss with no OHC loss. Post-carboplatin assessments were
performed three weeks following treatment to allow time for recovery. Animals were then sacrificed, and
cochlear sensory cells and neural synaptic connections were assessed.
Results
As expected, carboplatin treatment produced significant IHC loss, with OHCs largely intact and no change on
DPOAEs. ABRs were characterized by relatively low thresholds and poorer morphology following treatment.
ABR amplitude data demonstrated substantial suprathreshold reductions at wave-I, even in the absence of
elevated thresholds. However, wave-IV amplitudes remained unchanged.
Conclusions
These findings support previous studies suggesting the use of ABR wave-I amplitudes as an assay of selective
IHC loss.
W55. Audiogram Shapes of Mutant Mouse Lines With Known Cochlear Defects
Inner Ear: Anatomy & Physiology
Clarisse Panganiban*1, Neil Ingham1, Karen Steel1
1
King's College London
Background
Finding a way to non-invasively diagnose specific types of presbycusis has long been a goal in the hearing
research field. Schuknecht and Gacek classified presbycusis into three main types: sensory, neural, and
strial/metabolic(1). Dubno et al(2) created a classification scheme to predict types of presbycusis by
pg. 87

The Association for Research in Otolaryngology (ARO)
The 44th Annual MidWinter Meeting
Wednesday, February 24, 2021, U.S. Eastern Time Zone

audiogram patterns. These audiometric phenotypes include strial/metabolic (flat loss at low frequencies, with
gradual, shallow sloping loss at high frequencies), sensory (little loss at low frequencies, with a steep sloping
loss at high frequencies), and metabolic+sensory. We have acquired auditory brainstem responses (ABR) from
multiple mutant mouse lines in conjunction with determining their primary cochlear defect. We want to
determine if the audiogram shapes from mouse mutants with known cochlear defects support the use of human
audiogram shapes to predict cochlear pathology; for example, will the audiogram of a mutant with a primary
strial defect have a similar shape to audiograms of humans classified with strial/metabolic presbycusis?
Methods
We used ABR thresholds from mice with a primary defect of the 1) stria (S1pr2<stdf> and
Sgms<1tm1b(EUCOMM)Wtsi>), 2) outer hair cells (Slc26a5<tm1(EGFP/Cre/ERT2)Wtsi> and
Ocm<tm1e(EUCOMM)Wtsi>), 3) synapses (Wbp2<tm1a(EUCOMM)Wtsi>), or 4) middle ear
(Mcph<1tm1a(EUCOMM)Wtsi> and Ywhae<tm1e(EUCOMM)Wtsi>). All of these mutants were generated
and maintained on a pure C57BL/6 genetic background. Characterization of cochlear pathology of these mice
have been published (3-6) or are in preparation. We created a normative baseline using the mean thresholds
of ABRs from 1078 wildtype C57BL/6 mice aged 27-65 days. We converted the thresholds from dB SPL to
dB HL by subtracting the baseline from the original threshold values of each individual mouse and plotted the
data to be comparable to human audiograms.
Results
Our results show that the strial defect mice exhibit a flat loss across frequencies, similar to humans classified
under strial/metabolic presbycusis by Dubno et al. Mutants with middle ear defects also had a flat audiogram
pattern, but conductive defects are readily identified in humans so would be unlikely to be confused with strial
defects. The Ocm and Wbp2 mutants showed little to no loss at low frequencies and steep sloping loss towards
the higher frequencies, similar to humans classified under sensory presbycusis. The Slc26a5 mutants’
audiogram was flat across frequencies but this may be due to the severity of hearing loss this mutation causes.
Conclusions
In summary, these mouse mutants with known cochlear defects do show similar audiogram patterns to the
human audiometric phenotypes, supporting the use of audiogram shape as an initial step in diagnosis.
W56. Phosphoinositide Effector Proteins in the Mouse Organ of Corti
Inner Ear: Anatomy & Physiology
Laura Lindner1, Boris A. Stuck1, Dominik Oliver2, Katrin Reimann*1
1
University Hospital Marburg, Philipps-Universität Marburg , 2Institute of Physiology and Pathophysiology,
Philipps‐Universität Marburg
Background
Phosphoinositides are phospholipid components of all cell membranes that regulate several different key
cellular functions like membrane trafficking, ion channel and transporter activity, cytoskeletal dynamics, and
signal transduction. Even though these components are essential for hearing, to date the role of
phosphoinositides in cells of the organ of Corti is currently understudied. The purpose of this study was to
establish possible roles phosphoinositides play in cellular functions that underlie hearing. Therefore, we
examined several known phosphoinositide effector proteins: Tubby-like protein 3 (TULP3), a
phosphoinositide- dependent regulator of G-protein coupled receptors; tubby, a putative transcription factor
affected by hydrolysis of the phosphoinositide PI(4,5)P2, and SWAP70, a cytoskeletal regulator, dependent
on the production of PI(3,4)P2.
Methods
Using immunohistochemistry on whole-mount preparations of the mouse organ of Corti, we were able to
detect protein expression and cellular localization of these effectors.
Results
Here we report that TULP3 is mainly expressed in the apical parts of the inner and outer pillar cells, as well
as in the phalangeal processes of the Deiters cells. Both structures are known to be filled with microtubules,
which have also been shown to be regulated by phosphoinositides. We further detected TULP3 in the cell
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bodies of the inner and outer hair cells. While we did not find expression of SWAP70, however tubby immunereactivity was localized to the distal segments of the stereocilia of outer hair cells, where previously prominent
PI(4,5)P2 labelling was described, and also in the nuclei of the Deiters cells.
Conclusions
Together our observations show that these effectors distribute throughout the organ of Corti, suggesting that
phosphoinositides are involved in controlling a variety of important functions in hearing.
W57. Neurophysiological Basis of Enhanced Lateral Line Sensitivity in Blind Cavefish
Inner Ear: Anatomy & Physiology
Elias Lunsford*1, Alex Keene2, James Liao1
1
University of Florida, 2Florida Atlantic University
Background
Populations of Mexican tetra (Astyanax mexicanus) have evolved eye loss and heightened sensitivity of the
lateral line system after invading subterranean cave systems. Work on blind cavefish has revealed behavioral
differences from sighted surface fish attributed to variations in lateral line neuromast morphology. It remains
unknown whether differences in the underlying neural circuitry of the lateral line could contribute to increased
flow sensitivity.
Methods
For the first time, we apply an electrophysiological approach to understanding lateral line sensitivity in blind
cavefish. Loose patch recordings of posterior lateral line were made in fictive, 4-6 days post fertilization
cavefish and surface fish. Spontaneous activity, the intrinsic firing of afferent fibers in the absence of
neuromast stimulation, is greater in blind versus sighted cavefish. This suggests heightened sensitivity of the
cavefish lateral line. We next recorded afferent fiber activity during swimming and periods of inactivity by
simultaneously measuring the ventral root activity. Here, we were interested in evaluating the role of the
efferent lateral line system (i.e. corollary discharge), which is responsible for canceling out self-generated
flow stimuli during locomotion to enhance receptivity to biologically relevant stimuli.
Results
Our results show that cavefish afferent fibers do not experience the inhibitory effects of locomotion caused by
the efferent system as compared to surface fish. Confocal imaging data suggests that cavefish possess the same
compliment of efferent neurons in the hindbrain as surface fish. We observed that this lack of afferent
inhibition by efferent neurons has convergently evolved across three genetically distinct cavefish populations.
Furthermore, targeted ablation of efferent neurons in surface fish results in lateral line signaling similar to
cavefish.
Conclusions
This leads us to propose that the cavefish efferent system is either less active or has evolved post-synaptic
differences that modifies lateral line functionality compared to surface fish. We reason that cavefish rely on
self-generated flow to navigate their environment (i.e. active flow sensing), such that inhibitory effects of the
efferent system may be expected to be diminished. The cavefish model system is uniquely poised to investigate
the evolution of sensory circuits.
W58. LHFPL5 Contains Two Omega-Type ER Retention Motifs That Preclude Plasma Membrane
Localization in Heterologous Cells
Inner Ear: Cochlear Mechanics
David Soler*1, Angela Ballesteros2, Manikandan Mayakannan1, Andrew Sloan3, Thomas McCormick1, Ruben
Stepanyan1
1
Case Western Reserve University, 2NINDS, 3University Hospitals Cleveland Medical Center
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Background
Hair cell mechanotransduction in mammals requires a complex interplay of multiple proteins that form the
mechanotransduction channel. One such component is the transmembrane protein LHFPL5, which is required
for mechanotransduction and hearing. Despite containing four transmembrane domains (TMDs), as well as
localizing to the plasma membrane (PM) of hair cell stereocilia, recent studies demonstrated that LHFPL5
traffics to the PM in a heterologous cell line only when co-expressed with PCDH15, a tip-link component of
the mechanotransduction complex. Intriguingly, when expressed alone, LHFPL5 is invariably retained in the
endoplasmic reticulum (ER) in heterologous cell lines. We sought to shed light on the protein regions that
might preclude proper PM localization of LHFPL5, when expressed using the HEK293 cell line.
Methods
Plasmid constructs were designed in silico using Lasergene II software (DNASTAR, Madison, WI). The full
cDNA containing AQP3-GFP was then synthesized by Genscript (Piscatawas, NJ). Each mouse LHFPL5
construct was also based on custom synthesis by Genscript with its known ER retention motifs KK or RRR
substituted for alanines, and codon optimized for mammalian expression in HEK293 cells. Transfections were
performed using Lipofectamine 2000 (Life Technologies, Carlsbad, CA). To label the cell nucleus we used
Hoechst (Life Technologies, CA). All recorded experiments were performed within two days after
transfection. HEK293 cells were examined with an SP8 confocal fluorescence microscope using a 63 × 1.4
NA objective, Leica (Wetzlar, Germany).
Results
Employing the AQP3-GFP Reporter (AGR) system, we scanned the entire LHFPL5 protein and identified two
omega regions, i.e. sequences that preclude PM localization. Typically, each omega signal by itself is
sufficient to preclude protein trafficking to the PM. The first omega –omega 1– is located within the first
exterior loop of LHFPL5 and the second one –omega 2– is contained within the last transmembrane domain.
Using alanine/serine mutagenesis we narrowed down the region containing omega-1 to the sequence of amino
acids 59 through 74 of LHFPL5. Interestingly, this region spans four out of five amino acid residues known
to interact with PCDH15, namely Y61, N71, V72, and L73.
Conclusions
Our results further suggest that the presence of cell-specific protein partners may mask omega-type regions
and thus facilitate trafficking to the PM in stereocilia. Alanine/serine mutagenesis of omega 1 is not sufficient
to enable trafficking of LHFPL5 to the PM in HEK293 cells, confirming that intracellular retention activity
of both omegas must be counteracted. Future studies will demonstrate whether additionally eliminating the
omega 2 may enable PM localization of LHFPL5.
W59. Endolymphatic Hydrops Can Produce Shifts in the Cochlear Frequency-Place Map That Can
Account for Diplacusis in Ménière’s Disease
Inner Ear: Cochlear Mechanics
Shannon Lefler*1, John Guinan2, Craig Buchman1, Shawn Goodman3, Jeffery Lichtenhan1
1
Washington University School of Medicine in St. Louis, 2Mass Eye & Ear, Harvard Medical School, 3The
University of Iowa
Background
A common symptom of Ménière’s disease is diplacusis, a perceptual anomaly in
which a tone has a different pitch in the left and right ears. A hallmark feature of Ménière’s disease is
endolymphatic hydrops, an increase in endolymphatic fluid that causes Reisner’s membrane to bulge into
scala vestibuli. It has been hypothesized that the increased fluid pushes on the organ of Corti and the basilar
membrane (BM), thereby stiffening the BM. A stiffer BM would increase the local characteristic frequency
(CF) and shift the cochlear frequency-place map apically. If the map is different in the two ears, diplacusis
would be expected to result. However, the hypothesized shift of the map has never been observed.
Methods
We created unilateral endolymphatic hydrops by surgically ablating the right-side endolymphatic sac in five
guinea pigs. At 30 post-operative days when endolymphatic hydrops can routinely be seen in histology, we
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used our apex-to-base perfusion technique to determine the cochlear frequency-place map. An ototoxic
solution (2.16mM kainic acid in artificial perilymph) was perfused through a pipette sealed into the guineapig cochlear apex and was driven toward the cochlear aqueduct in the base, with the injection rate adjusted so
that the solution front advanced at a constant rate of 0.5 mm/min (~5 minutes per CF octave). Auditory-nerve
compound action potentials (CAPs) were measured with a round-window electrode in response to tone bursts
at several frequencies and sound levels. When the solution reached a cochlear region that contributed to the
CAP, the CAP amplitude was reduced and revealed the spatial origin of the CAP.
Results
In four of the five hydropic animals, CAP responses to low-frequency, near-threshold tone bursts were reduced
by the apex-to-base perfusion before corresponding responses from control animals in which the
endolymphatic sac was not ablated. For tones 10 dB above the CAP threshold, on average, the 50% reduction
times of the five operated animals occurred before the 50% reduction times of the eight control animals by
5.8, 3.8, 4.3, 2.4 and 3.4 minutes, at 2, 4, 6, 8, and 12 kHz. These reduction time differences were statistically
significant for the lowest three frequencies by a bootstrap statistical test (p = 0.019, 0.033, 0.016, 0.144, 0.135,
respectively), thus showing a map shift in ears with endolymphatic hydrops.
Conclusions
Endolymphatic hydrops can cause apical shifts in cochlear frequency-place maps. Such shifts can account for
the diplacusis in Ménière’s disease. Diplacusis is easy to measure in humans, and our identification of an
underlying mechanism for diplacusis may encourage the use of diplacusis for early diagnosing of Ménière’s
disease and treatment monitoring. With early disease identification, classical therapeutics should have a better
chance of working before permanent damage is done.
W60. Formulation of Nonlinear Force of the Outer Hair Cells Based on Measurement and Numerical
Analysis of Distortion Product Otoacoustic Emissions
Inner Ear: Cochlear Mechanics
Sinyoung Lee*1, Takuji Koike1
1
The University of Electro-Communications
Background
Distortion product otoacoustic emissions (DPOAEs) are considered to be generated by nonlinear force of the
outer hair cells (OHC), and those frequencies and levels depend on the shape of the curve of the force
(Lukashkin et al., 2002). In this study, we aimed to formulate the nonlinear force of OHC based on the
distortion components detected in measurements of DPOAEs.
Methods
Each order of distortion component is generally generated by different degree term of a nonlinear function
which is approximated by a power series, i.e. the N-order (here, N is an integer number) of distortion
components are generated by N-degree term of the function. A force of OHC, P(OHC), was formulated based
on the input/output (I/O) functions of DPOAEs measured in normal-hearing human ears. The I/O functions of
DPOAEs obtained from numerical analysis using the finite-element model of the human cochlea including
P(OHC) were compared with the measurements of DPOAEs and the validity of the P(OHC) was evaluated.
The I/O function was simulated by applying complex tone to the stapes head of the model.
Results
The I/O functions of 2f1-f2 component measured in all the ears were included in the normal range (Dorn et
al., 2001). Third order (2f1-f2, 2f2-f1) and fifth order of distortion components (3f2-2f1) were generated in
all the ears. By contrast, even-order of distortion components (i.e. f2-f1, 3f1-f2) were not detected. Although
curve of the force of OHC is assumed to be a function with saturation, its symmetry around operating point is
not clarified. A nonlinear function including both of saturability and symmetry around operating point, e.g.
arctangent function, is approximated with only odd-degree terms by Maclaurin expansion around operating
point. Thus, P(OHC) was formulated as a function of velocity of the basilar membrane (BM) using arctangent
function, because even-order of distortion components were not detected. If the anterograde and retrograde
pressure gains of the middle ear are assumed to be constant at a certain frequency regardless of sound pressure,
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features of the I/O function (e.g., ease of saturation) obtained at the stapes footplate of the model are considered
to be comparable to that measured in the human ear. In addition, the I/O function of P(OHC) obtained at the
BM of the model where P(OHC) showed maximum value was similar to that obtained from the stapes
footplate.
Conclusions
A rigorous formulation of P(OHC) by comparing the I/O function of each distortion component between the
measurement and numerical analysis is possible. Those transmission gains should be considered for
comparison between the I/O function obtained from measurements and the stapes-footplate of the model.
When the I/O function obtained from the model is translated, the I/O function could approximately match with
the I/O function of the measurement.
W61. Methodology for the Evaluation of Non-Osseous Bone Conduction Pathways Between the
Cochlea and the Skull Vault
Inner Ear: Cochlear Mechanics
Ivo Dobrev*1, Tahmine Farahmandi1, Alexander Huber2, Christof Roeoesli2
1
University of Zurich, 2University Hospital Zurich
Background
The role of the non-osseous pathways in bone conduction hearing is still not clearly understood. The aim of
this work is the development and evaluation of a methodology for the experimental investigation of the
interaction between the intracranial (i.e., cerebrospinal fluid (CSF), brain) and intracochlear content as well
as the skull bone, under non-osseous stimulation.
Methods
Experiments are being conducted on a set of five Thiel embalmed whole head cadaver specimens. In order to
reduce potential intersample variability, due to mechanical and geometrical differences in the skull content,
the skull vault has been emptied and filed with saline water. In addition, a static pressure of 15cm water
column was applied to mimic physiological reassure in the skull. A commercial hydrophone was used as a
source to activate the intracranial content using a dedicated amplifier (Type 2713, Brüel & Kjær, Denmark)
to drive the hydrophone as a transmitter (source of hydrodynamic pressure). The resulting intracranial pressure
was monitored via another commercial hydrophone. In parallel to that, the corresponding intracochlear
pressure difference was monitored via our custom-made pressure sensor. For comparison purposes, osseous
pathways were sequentially activated in the range of 0.1-10 kHz, via the electromagnetic actuator from a
commercial BC hearing aid (BCHA) (Baha® 5 SuperPower). The response of the skull bone surface was
monitored as motions of the ipsi-, top and contra-lateral skull surface, along with the ipsi- and contra-lateral
promontories. The surface motion was quantified by sequentially measuring ~200 points on the skull surface
(~ 15-20mm pitch) via a three-dimensional laser Doppler vibrometer (3D LDV) system.
Results
Preliminary data indicates up to 20 dB in intracochlear pressure measurements measurement data due to
improper sealing of the cochleostomies, relative motion between the intracochlear pressure sensor and the TB,
as well as parasitic mechanical effects from the mechanical support system. The promontory and skull surface
underwent spatially complex motion with similar contributions from all motion components, regardless of
stimulation mode.
Conclusions
A comprehensive set of experimental measurements and stimulations conditions could quantify the
contribution of the non-osseous pathways between the intracranial and cochlea contents. Preliminary data has
shown that the mechanical connection between the intra-cochlear pressure sensors and the temporal bone,
plays a crucial role in the reliability of the measurements.
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W62. Active Amplification by Low Pass Filtered OHC
Inner Ear: Cochlear Mechanics
Renata Sisto*1, Arturo Moleti2
1
INAIL Research, 2University of Roma Tor Vergata
Background
In a recent 1-d transmission line 2DOF cochlear model (Sisto et al., 2019), the micromechanics is described
in terms of two oscillators that can be identified with the basilar membrane (BM) and the reticular lamina
(RL), coupled by the internal active nonlinear OHC force. The hair bundle shear is simply schematized by the
relative displacement of RL and BM, giving the input to the somato-elasticity of the OHC system, represented
by a nonlinear function of the relative displacement and velocity of the RL and BM. A double feedback loop
was proposed by Lu et al. (2006) to schematize the OHC piezoelectric function (direct and reverse).
Methods
In this study, a third dynamical equation was added representing the low-pass filtering effect due to the slow
build-up of the OHC transmembrane potential, and the active terms phases were set such that the effective
anti-damping action takes place only above the local low-pass frequency. The low-pass frequency of the filter
monotonically changes along the BM, as suggested by experimental data, but slower than the CF.
Results
Low frequencies in their peak region are below the local low-pass frequency of the filter, whereas high
frequencies are above it. The micromechanical amplification is abruptly reduced below some critical
frequency because the active force goes out-of-phase with the BM velocity; in the second, it decreases slowly
with increasing frequency due to low high-frequency response of the filter. As a consequence, the maximum
BM gain is limited to 15-20 dB in the mid-to-high-frequency range, and vanishes below the critical frequency,
providing a natural interpretation of the apical-basal transition. Fluid volume effects (pressure focusing) could
help recovering the high BM gain levels (40 dB) that are experimentally observed in the basal cochlea. A
formal identity between the equations of Lu et al. (2006) and the form of the active force proposed here is
discussed in different frequency ranges.
Conclusions
A system of differential equations, involving two coupled oscillators and a third dynamic equation, lowfiltering the relative displacement and velocity of the two masses, BM and RL, seems to be sufficient to capture
important features of the cochlear mechanics, including the so-called apical-basal transition. The pressure
focusing effect, neglected in the model, could provide the additional gain necessary to get sufficient BM gain
with physiologically plausible parameters.
W63. Noise Exposure and Risky Behavior in the General Population
Inner Ear: Damage & Protection
Hillary Snapp*1, Barbara Millet1, Suhrud Rajguru1, Natasha Solle1, Uzma Khan1
1
University of Miami
Background
Risk taking propensity has been shown to be a reliable determinant of risk and non-risk seeking health
behavior (e.g. smoking). Hearing loss is the 3rd most common health problem in the US. Exposure to
hazardous noise is known to increase risk for hearing loss, with one-third of all cases of hearing loss being
attributed to noise exposure. Despite this, noise exposure and noise-induced hearing loss is on the rise. Factors
that moderate risky behavior leading to hazardous noise exposure are not entirely clear. The current study
examined risk propensity in relation to perceptions of hearing loss and noise risk behavior in the general
population. It is known that hearing loss is correlated with certain demographics such as income, education,
race, gender, age, occupation, but it is not known whether people in these demographics actually vary in how
they perceive risk. This study investigated if there were systematic demographic or situation factors that
correlate to misperception of risk from noise exposure.
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Methods
1281 adult participants from Amazon Mechanical Turk online pool completed an online survey to investigate
the risk perceptions of noise exposure in the general population. Risk propensity was measured using an eightitem scale measuring general risk-taking tendencies. Perceptions of noise exposure were examined through
1) knowledge and perceptions of hearing loss, and 2) self-reported behaviors in commonly reported high-noise
situations. Participants indicated their subjective perceptions of the probability of each risk on a likelihood
scale ranging from “not at all likely” (1) to “very likely” (10).
Results
There were 797 male and 484 female respondents. Age was the commonly reported perceived cause of hearing
loss (63%) by respondents. Less than half (43%) of respondents attributed hearing loss to hazardous noise
exposure. Significant relationships were observed for gender, race, occupation, income, and education.
Depression was the highest reported perceived consequence of hearing loss (61% of respondents), while
dementia was only a perceived consequence in 18% of respondents. Self-perceived risk for hearing loss varied
significantly by gender (p < 0.001), and men engaged in more noise-risk behaviors than women (p < 0.001).
Age was not a significant factor in self-reported noise-risk behavior.
Conclusions
In a large diverse sample of the general population risk propensity and noise seeking behaviors were not found
to be driven by age but varied by gender. Race, age and occupation were self-identified risk contributing
factors for hearing loss. Results demonstrate limited knowledge of the common causes of hearing loss and
resulting health consequences. Noise was correctly identified as a relevant risk factor in less than half the
study population, independent of commonly associated demographic factors.
W64. Surgical Intervention Triggered by Real-Time Intra-Cochlear Electrocochleography During
Implantation Saves Residual Hearing: Outcomes of a Randomised Controlled Trial
Inner Ear: Damage & Protection
Stephen O'Leary*1, Benjamin Wei2, Claire Iseli1, Sylvia Tari2, Alex Rousset2, Robert Briggs2, Christofer
Bester1
1
University of Melbourne, 2Royal Victorian Eye and Ear Hospital
Background
Preservation of natural hearing during cochlear implantation is associated with improved speech outcomes,
however more than half of implant recipients lose this hearing. Real-time electrophysiological monitoring of
cochlear output during implantation, made possible by recording electrocochleography using the electrodes
on the cochlear implant, has shown promise in predicting hearing preservation.
Sudden drops in the amplitude of the cochlear microphonic (CM) have been shown to predict more severe
hearing losses. Here, we report on a trial investigating whether immediate surgical intervention triggered by
these drops can save residual hearing.
Methods
A single-blinded placebo-controlled trial of surgical intervention triggered when CM amplitude dropped by
at least 30% of a prior maximum amplitude during cochlear implantation. Intraoperative electrocochleography
was recorded in 60 adults implanted with Cochlear Ltd’s Thin Straight Electrode, half randomly assigned to
a control group and half to an interventional group. The surgical intervention was to withdraw the electrode
in ½-mm steps to recover CM amplitude. The primary outcome was hearing preservation 3 months following
implantation, with secondary outcomes of speech-in-noise reception thresholds by group or CM outcome, and
depth of implantation.
Results
Sixty patients were recruited; neither pre-operative audiometry nor speech reception thresholds were
significantly different between groups. Post-operatively, hearing preservation was significantly better in the
interventional group. This was the case in absolute difference (median of 30 dB for control, 20 dB for
interventional, χ² = 6.2, p = .013), as well as for relative difference (medians of 66% for the control, 31% for
the interventional, χ² = 5.9, p = .015). Speech-in-noise reception thresholds were significantly better in patients
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with no CM drop at any point during insertion compared with patients with a CM drop; however, those with
successfully recovered CMs after an initial drop were not significantly different (median gain required for
speech reception score of 50% above noise of 6.9 dB for no drop, 8.6 for recovered CM, and 9.8 for CM drop,
χ² = 6.8, p = .032). Angular insertion depth was not significantly different between control and interventional
groups.
Conclusions
This is the first demonstration that surgical intervention in response to intraoperative hearing monitoring can
save residual hearing during cochlear implantation. There is evidence that this intervention does not have
negative effects on cochlear implantation depth and may provide benefits to speech in noise reception when
successful.
W65. Kainate- And Noise-Induced Cochlear Synaptopathy in Gerbils
Inner Ear: Damage & Protection
Artem Diuba1, Penelope Jeffers*2, Gilles Desmadryl1, Jerome Bourien1, Jean Luc Puel1, Sharon Kujawa3
1
INM - Inserm U1031, 2Harvard University3Massachusetts Eye and Ear Infirmary
Background
Noise overexposure can produce a cochlear deafferentation arising from loss of inner hair cell (IHC) synapses
with auditory nerve fibers. The condition is called cochlear synaptopathy and may be instigated by excess
sound-evoked glutamate release by the IHCs. To probe this hypothesis, we compared a pharmacological
model of cochlear synaptopathy induced by a glutamate agonist (kainic acid - KA) with a model of noiseinduced synaptopathy.
Methods
Experiments were performed in young adult gerbils. Animals received local KA or octave band noise exposure
and were then held for varying post-exposure times. Cochlear function was assessed using outer hair cell
(OHC)-based distortion-product otoacoustic emissions (DPOAEs) and compound action potentials (CAPs) of
the auditory nerve. In the same animals, the cochleae were removed and immunostained to quantify the
synapses and characterize their 3D distribution along the IHCs.
Results
KA infusions did not affect OHC function as assayed by DPOAEs, whereas noise produced acute DPOAE
declines which recovered by 2 weeks post exposure. In contrast, both KA and noise acutely elevated CAP
thresholds and reduced CAP amplitudes. Thresholds recovered to baseline after 2 weeks but amplitude
declines of ~50% remained for both KA and noise. Consistent with the CAP amplitude data, the number of
synapses/IHC in KA-infused cochleae was reduced by ~50% throughout the tonotopic axis, with no pillar
versus modiolar difference observed. Noise-induced synaptic loss was maximum in tonotopically-appropriate
cochlear regions and comparable to that of KA in the basal cochlea.
Conclusions
Ongoing experiments will provide additional pharmacologic characterization of the cochlear synaptopathy.
Improved understanding of the role of excitotoxicity in noise-induced cochlear deafferentation in an animal
with a hearing range similar to human may open new clinical avenues for protection and treatment.
Research supported by the Office of Naval Research and the NIH/NIDCD.
W66. AAV-Mediated Islet1 Overexpression to Protect Hearing From Noise-Induced and Age-Related
Hearing Loss
Inner Ear: Damage & Protection
Wan Du*1, Yi Zhong1, Yujuan Hu1, Mingqian Huang1, Adam Ruprecht1, Zheng-Yi Chen1
1
Massachusetts Eye & Ear
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Background
Permanent damage to and the loss of inner ear hair cells are the major factors underlying noise-induced hearing
loss (NIHL) and age-related hearing loss (ARHL). We have previously shown that hair cell overexpression of
Islet1, a LIM-homeodomain transcription factor, protects ISL1 transgenic mice from NIHL and ARHL.
Methods
In this study, we used AAV-mediated local delivery of ISL1 gene to assess if the gene therapy approach could
be effective in protection from NIHL and ARHL in wild type adult and aged mice. CBA/CaJ mice were
injected with AAV/Anc80-ISL1-GFP at six-week-old age using canalostomy and injected mice were then
exposed to noise at 1-20kHz for two hours at 110dB SPL that caused permanent threshold shifts (PTS).
Subsequently, injected mice were subject to multiple noise exposures at 12 months and 15months of age,
respectively. To study AAV-ISL1 in hearing protection in ARHL, C57BL/6J mice were injected with
AAV/Anc80-ISL1 at six months of age.
Results
One month after injection, mean threshold shifts of the injected ears were significantly lower compared with
the uninjected contralateral control ears at low to middle frequencies, which correlated with the transduction
pattern in hair cells in middle and apical turns by AAV/Anc80. Hearing test after each exposure showed
sustained protection against NIHL. Analysis of the injected inner ears detected improved hair cell survival
and significant preservation of synapses as the result of ISL1 overexpression. Half year after injection, mean
threshold shifts of the injected ears were significantly lower compared with the uninjected control ears. We
found that p-S6, a mTORC1 signaling effector, was greatly reduced in the outer hair cells of injected inner
ear, indicating that ISL1 expression suppresses mTOR activity that leads to attenuation of ARHL.
Conclusions
We have thus developed a gene therapy approach by which one-time local delivery of ISL1 in adult mice
protects from multiple noise exposures in long term. Our future work aims to reproduce the findings in a large
animal model to lay the foundation for the development into clinic in certain patient populations.
W67. Time Course of Cochlear Synapse Counts Measured With Triple Immunohistologic Labeling of
PSD95-GluA2-CtBP2 on Acute Noise-Induced Synaptopathy in Mice
Inner Ear: Damage & Protection
Ning Hu*1, Steven Green1
1
University of Iowa
Background
Noise-induced cochlear synaptopathy (NICS) can occur even at noise levels that don’t cause hair cell loss. In
animal model, NICS can be noninvasively detected as reduced wave-I amplitudes of the auditory brainstem
response (ABR) and, histologically, by counting synapses. Here we ask, first, whether synapse loss occurs
only during noise exposure or continuously deteriorates with time after noise, second, whether synapses
spontaneously regenerate, and, third, how presynaptic or postsynaptic components change with time after
noise. To answer these, we have longitudinally measured ABR amplitudes and threshold in a within-subject
design and showed both measures recovered to the maximum level on postnoise day 3 (Hu et al, ARO 2020).
Here, we examined the synapses at different time points after noise exposure in group-comparison to
histologically illustrate the postnoise time course of acute NICS.
Methods
12 to14 week-old CBA/CaJ male mice were divided into normal control, immediately after noise (PND0),
postnoise day one and 14 (PND1, PND14) groups. NICS was generated with 2 hours of 100 dB SPL 8-16 kHz
octave band noise. ABRs were measured at 8, 16 and 32 kHz prior to noise exposure to obtain the baseline
for all mice, and also measured on PND1 and PND14 as indicated. Consistent with our previous studies, by
PND14, ABR thresholds recovered to the prenoise baseline but ABR wave-I amplitudes did not. Mice were
euthanized after final ABR measure or immediately after noise. Presynaptic ribbons, postsynaptic densities
(PSDs) and GluA2 AMPAR subunits were labeled with, respectively, anti-CtBP2 (C), anti-PSD95 (P) and
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anti-GluA2 (G) antibodies to quantify synapses/IHC in organ of Corti wholemounts at 8, 16 and 32 kHz
locations.
Results
Synapses defined either as colocaliztion of CtBP2 & PSD95 (C&P) or as CtBP2 & GluA2 (C&G) are both
significantly decreased from PND0. C&P or C&G counts are similar from PND0 to PND1, suggesting no
further synaptic degeneration after noise. Ribbons significantly decreased by PND1 but showed no futher
decrease by PND14. PSDs or GluA2 puncta tend to slightly increase from PND0 to PND1. C&P counts were
slightly higher than C&G counts by ~1-2 counts/IHC, with the greatest difference on PND0, the difference
remaining similar at the no-noise control, PND1 and PND14. Orphan PSDs increased after noise with the
greatest number on PND1. Orphan presynaptic ribbons are not apparent except on PND1. This implies some
repair process present from PND0 to PND1.
Conclusions
We confirmed the previous reports that synapse loss occurs during noise exposure with no evident synaptic
deterioration with time post-noise. Synapses defined as C&P always exceed in number those defined as C&G
either in no-noise or postnoise conditions. This is consistent with a heterogeneous distribution of GluA2containing AMPAR subunits among synapses. (Support from NIH DC02961, DoD W81XWH-14-1-0494,
and an AHRF grant.)
W68. Inferior Colliculus Recordings to Assess Focal Spiral Ganglion Neuron Lesions
Inner Ear: Damage & Protection
Wiebke Konerding*1, Julie G. Arenberg2, Andrej Kral1, Peter Baumhoff1
1
Hannover Medical School, 2Massachusetts Eye and Ear, Harvard Medical School,
Background
Speech perception in CI users is hampered by heterogeneous degeneration of spiral ganglion neurons (SGN)
along an individual cochlea. The interpretation of human psychophysical and electrophysiological results is
difficult, as reliable markers of locally restricted SGN degeneration/ survival are still missing. Recently, we
have proposed that the difference in responsiveness to cathodic versus anodic-leading stimulation (i.e. polarity
effect, PE) corresponds to the presence of micro-lesions at the SGN soma and may therefore be a marker for
SGN loss (Konerding et al. 2020, Hearing Research). The rationale of the PE (e.g. Miller et al. 1999, Hearing
Research) is a more central spike initiation sites for anodic than cathodic stimulation, which is proposed to
change after lesioning. One limitation of our previous results is the use of biphasic pulses: the second phase
of opposite polarity might have reduced or even changed the polarity effect.
Methods
Thus, we used charged-balanced pseudo-monophasic stimuli with an 8 times longer initial phase, prior to the
50µs-long dominant phase eliciting the response. We performed midbrain recordings along the tonotopical
axis of the inferior colliculus (IC). The recordings were made prior and after a micro-lesion (<450µm
diameter) was introduced in the basal part of the cochlea. To assess local changes in the polarity effect, we
compared apical and basal monopolar stimulation, using a 6-contact guinea pig-CI. We analyzed the
thresholds and first spike latencies (FSL) of IC multiunit activity. The IC recording positions were chosen
prior to neomycin-deafening, based on pure-tone stimulation.
Results
The response profile in the IC showed the typical broad activation to monopolar stimulation. The FSL was
shorter for anodic than cathodic stimulation. Apical ‘off lesion’ stimulation lead to lower anodic than cathodic
thresholds, both pre and post lesion. Basal ‘on lesion’ stimulation did, however, result in a significant change
in the polarity effect after the lesion. After lesioning, the cathodic stimulation gained higher efficiency (lower
thresholds) relative to the anodic stimulation.
Conclusions
Thus, we conclude that the main findings of our previous study, using electrically-evoked compound action
potentials, have been validated: a) the FSL data confirmed a more central spike initiation sites for anodic than
cathodic stimulation and b) the threshold PE is a marker for local changes in SGN health.
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Supported by Hearing 4 All (DFG Exc. 2177), MHH Foundation and MedEl Company (Innsbruck).
W69. Sensorineural Hearing Loss Occurs in Chronic Suppurative Otitis Media Mouse Model
Inner Ear: Damage & Protection
Anping Xia*1, Anthony Thai1, Zhixin Cao2, Xiaohua Chen3, Jing Chen1, Laurent Bekale1, Peter Santa Maria1
1
Stanford University, 2Shandong Provincial Hospital, 3The First Affiliated Hospital of Zhengzhou University
Background
CSOM is a neglected tropical disease affecting 330 million people worldwide and is the most common cause
of permanent hearing loss among children in developing countries. Pseudomonas aeruginosa (PA) is the
leading cause, initially generating acute otitis media and later converting from a planktonic to biofilm state.
Persister cells within the biofilm can evade antibiotic attack due to low metabolic activity and robust repair
mechanisms. While conductive hearing loss is an issue, it is known that permanent high frequency
sensorineural hearing loss (SNHL) also occurs in CSOM patients. CSOM donors’ temporal bone specimens
show significant hair cells (HC) loss in the basal turn of the cochlea. However, the mechanism behind SNHL
remains unknown. Our lab has created and validated a novel PA CSOM mouse model that mimics the human
condition. We hypothesize that SNHL correlates highly with phenotypes of PA and number of infiltrating
macrophages.
Results
PA was inoculated into the middle ear of mice either as stationary or exponential phase at different
concentrations, confocal images at 3 days after inoculation (3dai) revealed near-complete outer hair cell
(OHC) loss in the base and middle of the ipsilateral cochlea (IC), whereas OHC survival rate was 82% in the
apex. The inoculation of 109 CFU/ml stationary phase PA treated with ofloxacin resulted in no OHCs loss at
3dai. OHC loss occurred at 7dai in both the IC and contralateral cochlea (CC). In the IC, OHC survival in the
base, middle and apex was 2.7%, 55.5% and 98%, respectively, compared to the control group (PBS
inoculation). In contrast, the CC demonstrated 9.5%, 82%, and 97% OHC survival in the base, middle and
apex, respectively. No inner hair cell (IHC) loss occurred in either cochlea. Lastly, stationary phase PA
inoculation at a low dose (107 CFU/mL) resulted in no OHC loss at 3dai and 7dai. OHC loss exclusively
occurred in the IC at 14dai. OHC survival was 24%, 92% and 100% in the base, middle and apex, respectively.
We further investigated the infiltrating cells in the cochleae. At 7dai, when no OHC loss occurred,
Macrophages were significantly increased in IC compared to CC. Few to no neutrophils were present in IC.
Conclusions
We concluded that SNHL severity depends on the exposure to specific phenotypes of PA, and macrophages
likely play a role in the pathogenesis of SNHL in CSOM.
W70. Attenuation of Hearing Loss and Inner Ear Pathologies After Cochlear Implantation Following
Pre-Treatment by Near-Infrared-Light
Inner Ear: Damage & Protection
Moritz Gröschel*1, Ira Strübing1, Susanne Schwitzer1, Dan Jiang2, Patrick Boyle3, Arne Ernst1, Dietmar Basta1
1
Department of Otolaryngology at UKB, University of Berlin, Charité Medical School, Germany, 2Department
of Otolaryngology at St Thomas' Hospital, University of London, UK, 3Advanced Bionics European Research
Center, Hannover, Germany
Background
The protection of residual hearing is becoming increasingly important in cochlear implant (CI) surgery.
Various approaches have been investigated for the prevention of cochlear functional damage. One effective
option without side effects could be the application of near-infrared light (NIR) perioperatively. Specific
wavelengths within the NIR-spec¬trum are known to influence cytochrome-c-oxidase activity which leads in
turn to a decrease of apoptotic mechanisms. It has been shown previously that NIR can decrease the cochlear
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hair cell loss significantly if ap¬plied daily after noise exposure. Recently, studies by our group indicated that
even a single NIR-pre-treatment has the ability to reduce auditory threshold shifts and rescue cochlear sensory
tissue when applied immediately before loud sound exposure. The present study investigated the effect of a
single NIR pre-treatment before cochlear implantation on inner ear structural and functional properties in an
animal model.
Methods
Normal hearing adult guinea pigs undergo a unilateral pre-treatment of the cochlea with NIR-light for 15
minutes. Immediately after light exposure, a guinea pig CI electrode array was inserted through a
cochleostomy into the scala tympani of the first cochlear turn. The contralateral ear received the similar
implantation but was not NIR pre-treated and served as an intra-individual control.
Results
Four weeks after implantation, the amount of residual hearing, measured by ABR recordings, was significantly
higher on the NIR pre-treated side. Hair cell loss and inner hair cell synapse counts were determined
immunohistochemically in histological cochlear samples and data were compared between the two ears (with
or without NIR pre-treatment) in each animal.
The data demonstrate that outer hair cell loss was significantly reduced in NIR-pre-treated ears compared to
the contralateral side (implanted only). No differences have been shown for inner hair cell counts as well as
for the number of neuronal synaptic connections between inner hair cells and spiral ganglion neurons.
Conclusions
Our results suggest that a very effective protection of residual hearing is possible during cochlear implantation
by a single NIR pre-treatment. However, the observed attenuation of cochlear pathologies alone does not
sufficiently explain the reduction of auditory threshold shift. Additional sources need to be considered and
discussed.
This study was supported by Advanced Bionics GmbH, Hannover, Germany.
W71. Fate Mapping Reveals Slow Turnover of Adult Cochlear Macrophages in Steady State and
Distinguishes Resident From Recruited Monocyte-Derived Macrophages Following Acoustic Trauma
Inner Ear: Damage & Protection
Andrew Stothert*1, Daniel Snyder1, Tata Kouassi1, Kaira Church2, Astrid Cardona2, Tejbeer Kaur1
1
Creighton University, 2University of Texas, San Antonio
Background
The mammalian cochlea contains resident macrophages. Injury to the cochlea is associated with activation of
resident macrophages and recruitment of predominantly monocytes from circulation, which differentiate into
macrophages (monocyte-derived macrophages). The precise roles of resident and recruited macrophages in
hearing loss and cochlear pathology has not been studied extensively. We showed that macrophages play
beneficial role and may promote the survival of spiral ganglion neurons (SGNs) via fractalkine (CX3CL1CX3CR1) signaling in the injured cochlea (Kaur et al., 2015, 2018, 2019). However, it remains elusive
whether CX3CR1-expressing resident or recruited macrophages are functionally distinct and differentially
promote SGN survival. To determine the functional diversity of cochlear macrophages and to define the
isolated roles of CX3CR1-expressing resident and recruited macrophages in SGN survival in the injured
cochlea, it is critical to distinguish them phenotypically. We used fate mapping technique wherein CX3CR1expressing resident and recruited macrophages are endogenously labeled with different fluorescent reporters.
Methods
Tamoxifen inducible Cx3cr1CreER mouse line was crossed with red fluorescent protein (RFP) reporter mouse
line (R26RFP). The progeny CX3CR1YFP−CreER/wt:R26RFP were injected with tamoxifen or corn oil and
euthanized at various time points post injection to determine Cre recombination efficiency in CX3CR1 lineage
and their rate of turnover in both blood and cochlea. A cohort of tamoxifen-injected
CX3CR1YFP−CreER/wt:R26RFP mice were allowed to recover for 60 days (“wash out” period) followed
by noise or sham exposure to track and distinguish CX3CR1-expressing resident and recruited macrophages
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in the injured cochlea. Tissue were analyzed by flow cytometry, fluorescent immunohistochemistry and
confocal imaging.
Results
In the absence of tamoxifen, 28.5%±3.7% of CX3CR1-YFP+ CD45+ resident macrophages in the cochlea
and 0.1%±0.07% of CD45+ CD11b+ Ly6G- monocytes in the blood were found to co-express RFP. After 2
days of tamoxifen treatment, 98.5%±1.0% of resident macrophages in the cochlea and 60%±8.6% of
monocytes in the blood were found to co-express RFP. By 2 months, the recombination efficiency remained
same in the cochlea but only rare RFP+ monocytes could be detected in the blood. Examination of recombined
CX3CR1-expressing cochlear resident macrophages over a period of 120 days indicate that their turnover rate
is slower than circulating monocytes/macrophages (1-3 days) and similar to long-lived microglia (brain
resident macrophages). Acoustic trauma in “washed out” mice show that injured cochlea contains both YFP+
RFP+ population consistent with resident macrophages and a YFP+ RFP− population consistent with recruited
monocyte-derived macrophages. There was no significant increase in YFP+ RFP+ resident macrophages,
indicating that the overall increase in macrophages was entirely due to newly recruited cells. In contrast,
unexposed mice only possessed YFP+ RFP+ resident macrophages.
Conclusions
These data establish the use of fate mapping to definitively distinguish CX3CR1-expressing resident
macrophages from recruited monocyte-derived macrophages in both naive and injured cochlea.
W72. Discovery of Active Transport of Particles Across the Round Window Membrane
Inner Ear: Drug Delivery
Arwa Kurabi*1, Marlen Bernhardt2, Kwang Pak1, Allen F. Ryan1
1
University of California, San Diego, 2University of Würzburg
Background
Systemic pharmaceuticals have limitations for otic delivery due to the blood-labyrinthine barrier and the
potential for side effects. Local delivery can increase effective dose and reduce off-target effects. Currently,
injection into the middle ear places drugs in contact with the round window membrane (RWM), allowing
passive diffusion into inner ear perilymph. This is effective for relatively small molecules but not as efficient
for large molecules or gene therapy vectors. Opening the RWM or direct injection into the perilymph
potentially expose the delicate inner ear structures to damage or infection. A mechanism for efficiently
delivering large cargo across the intact RWM would be valuable.
Methods
To search for the existence of a RWM transport mechanism, we screened a library of viral vectors, each
expressing one of 109 random peptides, for the ability to move large (1 µm) particles across the intact RWM
of rats.
Results
We identified rare peptides that mediate efficient transport which was absent post-mortem, indicating an active
transport mechanism. The peptides, which can transport viruses and DNA into the inner ear, are not similar to
known cell- or tissue-penetrating peptides.
Conclusions
We have discovered an unexpected, active mechanisms of trans-RWM transport that can move large particles
across the intact membrane, from the middle to the inner ear. This offers the opportunity to develop an entirely
novel strategy for the noninvasive delivery of drugs, drug-containing particles and gene therapy vectors to
treat inner ear disorders.
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W73. Comparison of Inner Ear Gene Therapy Delivery Routes in Small Animal Models Using HelperDependent Adenovirus
Inner Ear: Drug Delivery
Tatiana Correa*1, Osama Tarabichi1, Stacia Phillips2, Samuel Young, Jr.2, Marlan Hansen1
1
University of Iowa Hospitals and Clinics, 2University of Iowa
Background
Viral vector-mediated gene therapy shows promise for treatment of inner ear diseases. Most inner ear gene
therapy research has focused on the use of adeno-associated viral (AAVs) vectors for gene delivery, however,
the small carrying capacity of these vectors (4.8 kb) limits their efficacy. To restore sensory function in many
types of hearing loss, targeting of larger or multiple transgenes in various cell types is needed. Helperdependent adenovirus (HdAd) has great potential for the development of such strategies due to its large
capacity for genetic cargo (37 kb). The complex structure and relatively inaccessible location of inner ear
tissues poses a unique challenge for delivery of viral vector-mediated gene therapy biologics. Viral
transduction is critically determined by access to host cell receptors used for viral entry. Cell receptor access
in critically determined by the route of viral vector delivery to the inner ear. We have generated HdAd reporter
vectors for the characterization of HdAd as a platform technology for in-vivo application. Here we sought to
establish HdAd transduction patterns and route-dependent differences in transduction through delivery of
HdAd in the rodent inner ear using multiple surgical approaches.
Methods
HdAd vectors carrying fluorescent reporters were delivered to perilymphatic and endolymphatic
compartments of guinea pig and mouse species inner ear using different surgical approaches. A comparison
of transduction via different delivery routes was carried out at a 7-day time point using immunohistochemical
staining and confocal microscopy.
Results
Imaging analysis revealed fluorescent reporter expression with all delivery approaches at a 7-day time point.
The extent of transduction along the cochlear axis depended on the route of delivery. Differences in
transduction of specific inner ear tissues depending on delivery route were also noted.
Conclusions
Inner ear transduction using HdAd varies depending on the delivery route used to access the inner ear in rodent
species. Additional experiments looking at safety, stability of expression and volume-dependent transduction
differences are ongoing.
W74. Generating Kcnj10 Fluorescent Reporter Mice for Visualization of Intermediate Cells in the
Stria Vascularis
Inner Ear: Membranes & Fluids
Rafal Olszewski*1, Soumya Korrapati1, Isabelle Roux1, Andrew Griffith1, Thom Saunders2, Michael Hoa1
1
National Institute on Deafness and Other Communication Disorders, National Institutes of Health,
2
University of Michigan
Background
The stria vascularis (SV) is a stratified epithelial tissue in the lateral wall of the cochlear duct and is responsible
for potassium ion transport into endolymphatic fluid-containing scala media. The processes that result in
elevated potassium concentration in the endolymph are necessary for an endocochlear potential (EP) between
80 to 100 mV, which is critical for normal hearing. The SV contains three layers of main cell types: (1) basal
cells, which are adjacent to fibrocytes of lateral wall, (2) marginal cells, which directly border the scala media,
and intermediate cells between these two cell types. While the basal cell layer is easily distinguishable from
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others, the intermediate and marginal cells form an interdigitated network of cell projections within the SV.
Kcnj10 (Potassium Inwardly Rectifying Channel Subfamily J Member 10), the gene that encodes KIR4.1, an
inwardly rectifying potassium channel critical to EP generation, is highly expressed in SV intermediate cells.
With the goal of enabling visual distinction of intermediate cells, we generated a transgenic mouse strain
expressing fluorescent reporter gene specific for this cell type.
Methods
A ZsGreen expression cassette was used to replace the Kcnj10 coding sequence in BAC RP23-157J4. Two
founder lines were generated. Transgenic mice produced with the BAC express ZsGreen in a cell-specific
fashion. The expression of ZsGreen in the inner ears of transgenic mice bred to congenicity on a C57BL/6J
background were examined utilizing cross-section and whole mount immunohistochemistry. Auditory
brainstem responses (ABR), distortion products of otoacoustic emissions (DPOAE) and endocochlear
potential (EP) were also tested in these mice.
Results
We demonstrate that transgene expression does not affect auditory function as measured by ABR, DPOAE,
and EP testing when compared to wild-type C57BL/6J mice. Strong transgene expression is observed in tissue
types and cells known to express Kcnj10, including intermediate cells of the SV. Signal is expressed in
cytoplasm as well as cell nuclei. Co-labeling with antibodies and RNAscope probes confirmed specificity of
ZsGreen signal location.
Conclusions
Transgenic Kcnj10-ZsGreen mice express fluorescent signal in SV intermediate cells and allow the delineation
of SV intermediate cells from marginal cells, which may be a useful in investigating the role of cell typespecific function in the SV, allowing cellular studies to determine the mechanisms by which SV intermediate
cells contribute to EP generation.

W75. Non-Invasive Measures of the Efficiency of Middle-Ear Prosthesis Placement and Length
Middle & External Ear
Mario Milazzo*1, Hamid Motallebzadeh2, Andrew Tubelli3, Sunil Puria4
1
Massachusetts Institute of Technology, 2Harvard Medical School, Mass. Eye & Ear, 3Mass. Eye & Ear,
Background
To replace damaged or pathological ossicles, ear surgeons use strut-like prostheses to restore the mechanical
continuity between the tympanic membrane (TM) and the stapes footplate. It is known that different lengths
and placement and thus tension and angle in the prosthesis can impact its sound transmission capabilities. Our
goal is to determine if transmission differences resulting from differences in tension and placement can be
measured non-invasively from ear canal measurements.
Methods
We developed a finite element model of the normal middle ear (ME) segmented from a stack of micro-CT
images of a human temporal bone. The results were compared with physiological measurements of stapes
velocity and non-invasive ear-canal input absorbance, performed on the same specimen. In order to simulate
a total ossicular replacement (TORP), the incus and stapes crus were removed in the model and a prosthesis
padded with cartilage was interposed between the TM and footplate. Two alternative TORP configurations
were considered in which the plate of the prosthesis was placed either near the umbo (Assembly 1) or on the
posterior quadrant of the flat region of the TM (Assembly 2). We calculated the stapes velocity to determine
transmission efficacy and the ME admittance and absorbance near the TM to determine if efficacy can be
measured non-invasively. The absorbance and admittance calculations made from 0.2-8 kHz in the presence
of static pressures that ranged from -200 to +200 daPa.
Results
With a progressive increase in prosthesis length, both configurations show a significant reduction in stapes
velocity below 2 kHz. The ME absorbance shows a substantial difference between the assemblies in the
frequency range between 500 Hz and 7000 Hz at ambient pressure. However, Assembly 2 appears less
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sensitive to a variation of the prosthesis length than Assembly 1. The admittance across input pressure at 226
Hz (similar to clinical audiometry) and 1000 Hz was calculated. Assembly 1 with a nominal length of the
shaft, produced the expected symmetric curves with a peak at 0 daPa. When the length of the shaft increases
from its nominal value, the peak of the tympanometry curve shifts to different pressure locations. In contrast,
results with Assembly 2 are less sensitive to the shaft’s length.
Conclusions
Our preliminary calculations provide early evidence that ear canal measurements of admittance and
absorbance, as a function of pressure and frequency, are sensitive to prosthesis placement and length. This
paves the path towards using wideband tympanometry measurements as a diagnostic tool to determine if a
prosthesis was chosen with the optimal length and position. [Work supported by the Amelia Peabody
Charitable Fund.]
W76. Effect of Sutures in Bone Conduction of Acoustic Waves
Middle & External Ear
Chiara Ermanni1, Ivo Dobrev1, Tahmine Farahmandi1, Alexander Huber2, Christof Roeoesli*2
1
University of Zurich, 2University Hospital Zurich
Background
The effect of the skull structure, and the sutures in particular, on bone conduction hearing is still not
sufficiently understood. This work provides an experimental investigation of bone conduction (BC) sound
propagation of skull bone surface waves over sutures and fractures in entire cadaver heads as well as in
extracted bone samples containing sutures.
Methods
All experiments were conducted on six fresh whole head cadaver specimens. Electromagnetic actuator from
a commercial BC hearing aid (BCHA) (Baha® 5 SuperPower) was utilized to provide stepped sine stimulus
in the range of 0.1-10 kHz, via an implanted screw. The response of the intact skull surface was monitored as
motions of the top, back, base, ipsi- and contra-lateral skull surface as well as of seven sutures per head and
two fractures in high resolution. The surface motion was quantified by sequentially measuring approximately
900 different points on the intact skull surface (5-7mm pitch at the sutures and 15-20mm elsewhere) with a
three-dimensional laser Doppler vibrometer (3D LDV) system and a robot arm. Before extracting bone
samples, containing sutures, each location of each sample, as well as several anatomical locations, were
registered via fiducial markers (0.5mm wires). Additionally, a computer tomography (CT) scan was conducted
for each intact head (including fiducial markers). After extraction of the bone samples, the motion of the lateral
and medial surface of each sample was measured, along it the position of the fiducial markers. Based on the
fiducial markers data, the velocity and CT data were coalesced together into a single coordinate system,
allowing for comparison between structural and motion data.
Results
In general, the skull surface underwent spatially complex motion regardless of the skull state and vicinity to
sutures. Medial and later skull surfaces were moving without any significant modification at the sutures. The
mode shapes of vibration of the extracted bone samples, containing sutures, resembles that of simple
homogeneous plates, with limited effects of the sutures or the sample support. There was limited relative
motion between skull surface at the two sides of a suture.
Conclusions
Merging of comprehensive experimental data from multiple domains allows for the detailed evaluation of the
effects of the sutures on the motion of the skull bone.

pg. 103

The Association for Research in Otolaryngology (ARO)
The 44th Annual MidWinter Meeting
Wednesday, February 24, 2021, U.S. Eastern Time Zone

W77. Single-Cell RNA Sequencing Uncovers Rapid Shift in the Cellular Architecture of the Murine
Tympanic Membrane After Injury
Middle & External Ear
Sonia Scaria*1, Stacey Frumm1, Aaron Tward1
1
UCSF
Background
Tympanic membrane (TM) perforations are a common cause of conductive hearing loss. Although in most
cases they close spontaneously, they can become chronic and cause ongoing morbidity. Despite having a high
prevalence, the underlying cellular interactions that govern TM perforation healing are mostly unknown.
Previous work demonstrated that upon injury, the murine TM displays a robust increase in proliferation, but
which cells and what signals drive this remain to be understood. This study aimed to transcriptionally define
the cell populations activated in response to injury of the murine TM to explore the coordinated healing
process and identify what may be dysregulated in chronic perforations.
Methods
TM perforations were made in both ears of adult mice. Animals were sacrificed 1, 3, 7, or 14 days following
injury (n = 20 ears per timepoint). Single cells were enzymatically dissociated and submitted for single-cell
RNA sequencing (scRNA-seq) using the 10x Genomics platform. Two clustering algorithms, Seurat and
CellFindR, were employed to identify clusters of cells in an unbiased fashion, and the resulting gene
expression matrices were queried to transcriptionally characterize each population. Top differentially
expressed genes were computationally identified for each cluster, allowing for pathway analysis of each
identified cluster. Protein detection via immunohistochemistry and RNA detection via in situ hybridization
were used to biologically validate and define the anatomic location and spatial relationships of distinct
timepoints throughout the perforation healing process.
Results
Over 10,000 cells were captured per time-point (range: 10,292- 22,366). Data was merged from all conditions,
and unsupervised clustering of the cumulative data revealed 97 total sub-populations of cells within 15 distinct
top-level populations. The major cell types in the uninjured and wounded TM were keratinocytes, endothelial
cells, immune cells, mucosal cells, mesenchymal cells, adipocytes, and red blood cells. Further analysis
demonstrated the emergence of cellular subtypes unique to the injured and healing state as early as 1 day after
perforation. There are waves of transcriptional shifts, first the keratinocytes and later in the mesenchymal and
mucosal populations. The transcriptional data shows induction of new sub-populations of cells present from
1 day to 7 days post-injury, which then disappear almost entirely by 14 days post-injury. Among the distinct
cell states identified were a gross transcriptional shift among the stem/progenitor keratinocyte population after
injury and the emergence of a distinct “wounded” keratinocyte progenitor population. At later timepoints,
large populations of more differentiated keratinocytes emerge.
Conclusions
Overall, this study defined the transcriptional and cellular architecture of the TM in homeostasis and wound
healing. Key markers of these cell populations were identified and can be used for future investigation of the
mechanism of wound resolution of the TM. This, in turn, could help inform how healing is perturbed to induce
chronic perforations.
W78. Inner Ear Tropism of Natural and Engineered AAV Serotypes in Non-Human Primate Enables
Therapeutic Targeting of a Diverse Set of Cochlear Cell Types
Other, Gene Therapy
Lars Becker*1, Tyler Gibson1, Seth Koehler1, Meghan Drummond2, Leah Sabin2, Max Beyman2, Fuxin Shi1,
Peter Weber1, Wade W. Chien3, Carleton Corrales4, Jonathon Whitton1, Adam T. Palermo1
1
Decibel Therapeutics, 2Regeneron Pharmaceuticals, Inc., 3NIDCD, 4Harvard Medical School
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Background
Often, the AAV capsid is a primary determinant of cellular transduction for AAV gene therapy vectors, and
different capsids can lead to different efficiency or specificity (tropism) of transduction. Because in some
therapeutic contexts, capsid tropism can limit the desired transduction and thus enable the therapeutic
approach, much research over the past decade has gone into engineering or evolving capsids with novel
tropisms. Another proposed advantage of some engineered capsids is that because of their novel amino acid
sequence, they may be less likely to be neutralized by pre-existing antibodies (neutralizing antibodies) present
in human populations.
In the ear, several novel capsids have been proposed to provide improved transduction of therapeutically
relevant cell types, including, for example, Anc80L65, AAVie, and Php.b. Most of the data supporting the
value of these, however, have been generated in mice.
We sought here to examine the ability of natural and engineered capsids to transduce cells, particularly inner
hair cells, in the non-human primate (NHP).
Methods
NHP were injected with various AAV serotypes via the Round Window Membrane and inner ear tropism was
visualized using immunohistochemistry or RNAscope.
To assess the importance of neutralizing antibody evasion, we tested mice and NHP for serum levels of preexisting antibodies before and after treatment with AAV.
Results
We found that essentially all capsids tested were able to transduce primate inner hair cells efficiently.
Furthermore, several capsids were able to transduce outer hair cells, supporting cells, cells of the spiral
ligament, and other cell types of interest.
We show, in both mice and in primates, that elevated systemic levels of neutralizing antibodies do not appear
to impact cellular transduction in the ear.
Conclusions
Our data suggests that many capsids are viable options for therapeutic development in the inner ear, even
those with high prevalence of seropositivity in the human population.

W79. Hearing Impairment Beyond the Ear: Brainstem and Thalamocortical Contributions to GapDetection Deficits
Other, Temporal Processing; Systems-level Analysis of Auditory Function
Lucy Anderson*1, Jane Mattley1, James Sinclair1, Conny Kopp-Scheinpflug2, Jennifer Linden3
1
UCL Ear Institute, 2LMU Munich, 3University College London
Background
Hearing difficulty is often assumed to originate within the ear; however, certain impairments might arise
entirely within the brain. For example, some people perform normally on tests of peripheral auditory function
but nevertheless have difficulty detecting rapid sound changes, such as brief silent gaps in noise. These "gapdetection deficits" might originate beyond the ear, from abnormalities in the auditory brainstem, thalamus or
cortex.
Methods
We used a mouse model of naturally occurring gap-detection deficits to examine the contributions of
brainstem and thalamocortical structures to hearing impairment of likely central auditory origin. Ectopic
BXSB/MpJ-Yaa mice have normal peripheral auditory function but exhibit behavioural deficits in their ability
to detect very brief gaps in noise, compared to control littermates. We previously found a neural correlate of
this gap-detection deficit in the auditory thalamus and identified a specific reduction in thalamic sensitivity to
sound offsets as its likely cause (Anderson and Linden 2016 J. Neurosci). Here, we traced the origins of these
thalamic deficits in both thalamocortical and brainstem structures of the “sound-offset pathway” (KoppScheinpflug, Sinclair and Linden 2018 TINS), by performing in vivo recordings in the auditory cortex, medial
geniculate body and inferior colliculus, and in vitro recordings in the superior paraolivary nucleus.
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Results
Our results reveal that gap-detection deficits in ectopic mice likely arise from both brainstem abnormalities in
sound-offset response generation and thalamocortical abnormalities in noise adaptation.
Conclusions
These findings elucidate brain mechanisms of gap detection and demonstrate that naturally occurring gapdetection deficits can originate beyond the ear.
W80. Pupil Dilation, as a Continuous Measure of Listening Effort, During Sustained Attention to
Competing Talkers
Other, Pupillometry, Naturalistic speech processing, Aging
Lien Decruy*1, I.M Dushyanthi Karunathilake1, Jason Dunlap1, Janani Perera1, Samira Anderson1, Jonathan
Simon1, Stefanie Kuchinsky2
1
University of Maryland - College Park, 2Walter Reed National Military Medical Center
Background
Communicating in realistic listening environments often requires people to continuously track different
speakers. When acoustic demands increase, listeners exhibit greater effort even when speech intelligibility
remains unchanged. Researchers have attempted to quantify listening effort for word or sentence stimuli, but
it is not clear how these results generalize to longer-duration naturalistic speech. Listening effort may
furthermore be exacerbated in populations that experience auditory and cognitive deficits, such as older adults.
Methods
We investigated the effects of age and acoustic demands on listening effort by analyzing the time course of
pupil dilation during naturalistic speech processing. Pupillometry from 19 younger and 15 older normalhearing adults was measured while listening to 1-min speech segments. Speech stimuli were presented as a
single talker and in the presence of a competing talker. Generalized additive mixed models (GAMMs) were
used to analyze the pupil dilation dynamics.
Results
Listeners showed a smaller pupil dilation in the single-talker versus competing-talker conditions. No
consistent differences were found between young and older participants. Furthermore, pupil dilation increased
initially following speech onset and then decreased over the 1-min time course. It was also largest on the first
versus second and third presentation, suggesting that familiarity with a speech stimulus affects pupil dilation.
Conclusions
In sum, we have shown that pupillometry for long speech segments is feasible in both younger and older
adults, and that this measure contains valuable information about how effort unfolds in a non-linear way across
time and trials.
W81. Dynamics of the Auditory Continuity Illusion
Other, Auditory scene analysis
Qianyi Cao1, Noah Parks1, Joshua Goldwyn*1
1
Swarthmore College
Background
Auditory perception happens over time, as a dynamic process. As we listen to the world around us, we
continuously link related sounds together (words in a sentence, for instance) and separate unrelated sounds
(voices in a crowded room). We study the auditory continuity illusion to illuminate principles underlying the
dynamic processing of sound. In this illusion a tone is played with a short interruption during which the tone
is replaced with a noise. If the noise is sufficiently loud, listeners perceive (incorrectly) that the tone continues
through the interruption. Past studies of this phenomenon have led to conceptual understanding of this illusion
(in Bregman’s work on auditory scene analysis, notably), but the dynamical principles and neural circuits that
generate this illusion are still being investigated.
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Methods
We develop a mathematical model to represent the activity (firing rates) of populations of neurons that signal
perception of tone and noise. Firing rate models of this kind are frequently applied to visual illusions and,
recently, the auditory streaming paradigm. We associate equilibrium solutions (steady states) of the model
with perception of tones and noise. By analyzing the existence and stability of these states, we identify
stimulus conditions and neural parameters under which the continuity illusion is present in the model. We
also model masking of tones by noise. This provides a necessary constraint on the model: the effect of noise
in the model is context dependent. Noise suppresses activity of the tone population in masking conditions but
facilitates activity of the tone population in continuity illusion conditions.
Results
We identified two distinct dynamical features that can give rise to neural dynamics consistent with the auditory
continuity illusion: hysteresis and bistability. To create hysteresis dynamics, we include mutual inhibition
between the tone population and a noise-driven inhibitory pool. Disinhibition in this circuit structure enables
noise to preserve firing activity in the tone population during interruptions to the tone. Under bistable
dynamics, neural activity in the model is driven by transient responses to sound onsets and offsets. Noise can
degrade these “acoustic edges” and cause neural activity to persist when the tone is replaced by noise.
Conclusions
Our mathematical theory describes principles of neural dynamics that can create the auditory continuity
illusion. Importantly, we connect our model to well-developed theories of auditory scene analysis articulated
by Bregman and others. In particular, the case of hysteresis dynamics aligns with Bregman’s “Sufficiency of
evidence rule” and the bistable case corresponds to his “No discontinuity rule.” Our work, therefore, provides
a unifying framework that can inform experimental and model-based investigations of this illusion.
W82. The Origin Along the Cochlea of Tone Pip-Evoked Otoacoustic Emissions
Otoacoustic Emissions
Shawn Goodman*1, Shannon Lefler2, John Guinan3, Jeffery Lichtenhan2
1
The University of Iowa, 2Washington University School of Medicine in St. Louis, 3Mass Eye & Ear, Harvard
Medical School
Background
Otoacoustic emissions (OAEs) are widely used for clinical and scientific investigations, as they are noninvasive and quick to record. Widely used OAEs are those evoked by transient stimuli, particularly clicks
(CEOAEs). Greater frequency specificity may be obtained by using tone pip-evoked OAEs (PEOAEs).
PEOAEs are hypothesized to arise from reflections of energy near the characteristic-frequency (CF) place of
the tone pip, but actual PEOAEs have components with a wide range of latencies, some much shorter than
expected, suggestive of a cochlear origin that is far basal relative to CF. To understand and interpret PEOAEs,
we must know the origin along the cochlea of their various latency components.
Methods
We studied the spatial origin of PEOAEs by perfusing guinea-pig cochleae from apex to base with artificial
perilymph containing 20 mM salicylate, which blocks cochlear amplification, reduces PEOAE and auditorynerve compound-action-potential (CAP) responses, and reveals the cochlear location that produced each
response. The perfusion flow rate was adjusted to achieve a constant rate of 0.5 mm/min (~5 minutes per CF
octave). Ear-canal sound pressure and CAPs were simultaneously recorded in 16 animals in response to tone
pips (6 cycles, 3-cycle rise/fall, no plateau) ranging from 1.4 to 4 kHz at 35- and 59-dB SPL. PEOAEs at 35and 59-dB SPL were obtained by removing the tone-pip energy by scaling and subtracting the ear-canal sound
pressure from 71 dB SPL tone pips. PEOAE components were identified as the peaks in the absolute values
of the PEOAE waveforms. The CF place was identified by the perfusion time at which the CAP amplitude
was reduced by 50%. The perfusion times for 20%, 50%, and 80% PEOAE-component reductions were also
measured. To align latencies from different pip frequencies, latency was expressed relative to the expected
cochlear delay (ECD) at each pip frequency, determined from published averages of guinea-pig stimulusfrequency OAE delays (Shera and Guinan 2003, JASA113:2762).
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Results
PEOAE-component latencies varied from ~0.3 to 2 ECDs with a central cluster from ~0.5 to ~1.5 ECDs and
the densest cluster at ~0.8 ECD. The pattern of PEOAE-component delay (in ECDs) versus PEOAE-reductiontime cochlear place was similar for all frequencies. From the 20% to 80% reduction times, cochlear
amplification regions were spread over a ~3 octave range that moved basally for shorter delays. A regression
line to the PEOAE 50% reduction locations, showed an amplification origin at 0.7 octaves basal of CF for
ECD=1, and for every octave more basal, the latency became shorter by 0.8 ECD.
Conclusions
Most PEOAE components received cochlear amplification within 1 octave of the CF region. PEOAEs provide
information about the location near the tone-pip CF region, not about regions far-basal of CF.
Supported by NIH/NIDCD R01 DC014997 (JTL)
W83. Distortion Product Generation by Outer Hair Cells: Influence of Primary Frequency Ratio on
Fluid Pressure and Extracellular Voltage
Otoacoustic Emissions
Haiqi Wen*1, Thomas Bowling1, Sebastiaan Meenderink2, Wei Dong2, Julien Meaud1
1
Georgia Institute of Technology, 2VA Loma Linda Healthcare System
Background
Distortion product otoacoustic emissions (DPOAEs) are weak sounds measured in the ear canal in response
to a two-tone stimulus. DPOAEs have been intensively studied and widely applied for the clinical assessment
of hearing function for decades. Their intracochlear counterparts (distortion products, DPs) are commonly
assumed to be arise from the nonlinearity of the electrical response of outer hair cells (OHCs), but the DPs in
the electrical output of OHCs have not been examined. This limits both our understanding of how and where
the DPs are generated and the clinical interpretation of DPOAEs.
Methods
In this work, we combine a three-dimensional nonlinear computational model with mechanical-electricalacoustic coupling with in vivo measurements of the pressure in scala tympani and the extracellular electrical
OHC response to study DP generation by OHCs in the gerbil cochlea. Before studying DP generation, the
model is first calibrated by comparison to measurements of pure-tone responses. Next, we used the calibrated
model to simulate two-tone responses (with frequencies f1 and f2) to study DPs in both the pressure and the
electrical response. These simulations were again compared to in vivo DP measurements.
Results
After calibration, there is excellent qualitative and quantitative agreement between the experimental data and
the model predictions to single tones. Both show tuned mechanical and electrical responses around the best
frequency (BF) at low stimulus levels. At high stimulus levels, the mechanical tuning broadens while the
electrical response becomes low-pass.
At low stimulus intensities (50 dB SPL) and moderate to high frequency ratios (f_2/f_1=1.25 and 1.35), the
DP potential shows two distinct peaks: when either f2 or fdp=2f1-f2 is close to BF. Analysis of the DP phase
reveals that the 2nd peak results from a forward propagating wave at fdp. The DP in the potential thus have
two origins: generated by the nonlinearity local to the recording location and a linear response due to vibration
of the hair bundle at DP frequency. In response to high level stimuli (80 dB SPL), the DP pressure drops to
low values when f_2 is below the BF while the DP voltage is low-pass for all primary frequency ratios. The
low pass nature of the DP voltage response implies that OHCs generate DP even at locations significantly
basal to the f_2 peak location, which is consistent with recent measurements of DP on the reticular lamina.
However, analysis of model simulations demonstrates that these basal DP generators have only limited
influence on the fluid pressure or BM vibrations and contribute little to DPOAEs measured in the ear canal.
Conclusions
This work not only improves our understanding of the role of the OHC electromotility in DP generation, but
will also benefit clinical noninvasive hearing assessment based on otoacoustic emissions.
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W84. Cochlear Nonlinearity Contributes to the Initiation of Early ABR Waveforms
Otoacoustic Emissions
Shaum Bhagat*1
1
San Jose State University
Background
Human auditory brainstem response (ABR) computational models have relied on processing stages
emphasizing cochlear compressive nonlinearities in order to improve the accuracy of model performance in
predicting actual ABR waveform latencies from human data. The purpose of the current study was to formally
examine the relationship between compression estimated from distortion-product otoacoustic emissions
(DPOAE) and the absolute latencies of Wave I and Wave V in humans.
Methods
The subjects were 12 adult normal-hearing human females aged 22-28 years. The experimental procedures
used in the study were approved by the University of Memphis Institutional Review Board and all subjects
provided written informed consent. DPOAE input-output functions (L2=25-75 dB SPL) were measured across
a two-octave frequency range and were fitted with third-order polynomials to derive compression thresholds
(CT). Single-channel click-evoked ABRs were recorded differentially with disk electrodes placed at the high
forehead location (~Fpz) referenced to an earlobe electrode ipsilateral to the stimulus ear with the ground
electrode placed at the mid forehead. Each ABR waveform was constituted from 2000 averages. ABR
waveforms were replicated to assist in accurate identification and labeling.
Results
DPOAE CT varied from 42-47 dB SPL on average and were relatively constant at 1000, 2000, and 4000 Hz.
Individuals with low CT at 4000 Hz exhibited longer ABR Wave I latencies while individuals with high CT
at 4000 Hz exhibited shorter ABR Wave I latencies, and this relationship was statistically significant (r = 0.68, p=0.01). No statistically significant relationships between DPOAE CT and ABR Wave V absolute
latencies were detected.
Conclusions
The parallel hallmarks of cochlear amplification when the amplifier is in good condition are narrowly- tuned
cochlear filters and compressive growth functions. According to filter theory, the build-up and processing
times in narrowly tuned cochlear filters result in longer output delays and briefer output delays would be
expected in more broadly tuned cochlear filters. The linkage between CT at 4000 Hz and ABR Wave I latency
in the present study provides indirect evidence of enhanced cochlear tuning in individuals with low CT
compared with individuals with high CT. These findings are consistent with known cochlear amplifier
characteristics and complement previous results indicating that individuals with low CT exhibit better hearing
thresholds than individuals with high CT.
W85. Neuromodulation Enhances Plasticity in a Rat Model of Cochlear Implant Use
Plasticity, Learning, & Adaptation to Hearing Impairment
Erin Glennon*1, Angela Zhu1, Mario Svirsky1, Robert Froemke1
1
New York University School of Medicine
Background
Rates of auditory perceptual learning with cochlear implants are highly variable across patients. Adaptation
to cochlear implants is believed to require neuroplasticity within the central auditory system. However,
mechanisms by which behavioral training enables plasticity and improves outcomes are poorly understood.
Here we hypothesize that neural mechanisms promoting plasticity in the rat auditory system are key to
optimizing cochlear implant usage.
Methods
Specifically, we examined the effect of pairing locus coeruleus stimulation with an auditory stimulus on
auditory learning when the animal has to relearn a tone identification task (self-initiated, go/no-go) using a
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cochlear implant. Initial training was done using acoustic stimuli in normal hearing animals. Animals were
then bilaterally deafened, unilaterally cochlear-implanted, and retrained with the new target delivered by
intracochlear electrical stimulation. Prior to daily behavioral training sessions, rats underwent 5-10 min
pairing sessions either with optogenetic locus coeruleus or sham stimulation.
Results
Pairing accelerated learning with cochlear implants. We then conducted multi-unit recordings in the auditory
cortex to assess responses to the cochlear implant. Animals that had been trained with the cochlear implant
had increased activation of the cortex, and those that underwent pairing had a sharper representation of the
target cochlear implant channel. We used fiber photometry to monitor activity of noradrenergic locus
coeruleus neurons. During auditory learning, cochlear implanted animals display dynamic locus coeruleus
activity, specifically during the acquisition of the meaning of reward relevant tones.
Conclusions
These studies indicate that neuromodulation can play a powerful role in shaping outcomes with cochlear
implant use and training.
W86. Speech Listening and Cortical Plasticity in Children Using Hearing Aids
Plasticity, Learning, & Adaptation to Hearing Impairment
Hannah Stewart*1, Erin Cash2, Joseph Pinkl3, Jennifer Vannest3, David Moore2
1
UCL, 2Cincinnati Children's Hospital, 3University of Cincinnati
Background
Difficulty understanding speech in noise is a common complaint of hearing impairment. Improving this ability
is especially important in children as they develop their language skills.
Methods
We fit experienced hearing aid users aged 6-12 years, with mild to moderately severe hearing loss, with
bilateral OpenSound Navigator (OSN) or omnidirectional enabled hearing aids. To assess behavioural and
cortical plasticity in response to their new hearing aids, outcome measures were completed within a week of
initial fit (visit 1; V1) and after up to 13 months of hearing aid use (visit 2; V2).
Results
In a pilot study (n = 15), speech in noise, but not word learning or working memory ability improved after
two months of OSN use (V2 = 2m; Pinkl et al., medRxiv). When completing a speech recognition task within
an MRI scanner at V1, without hearing aids, more activation was found in visual and motor areas and less
activation in the auditory cortex, compared to typically developing (TD) children. After using OSN for 2
months, our pilot participants showed increased activation re V1 in the visual areas and less use of auditory
and speech processing areas. This strengthening of alternative cortical activation may indicate that, after using
OSN enabled hearing aids, less attention or effort is required to complete the auditory MRI task.
We also explored cortical temporal connectivity during resting state fMRI. We used Neurosynth and
GingerAle to synthesise regions of interest (ROIs) and create data-led auditory speech and sound networks
(Stewart, GitHub). Connection strength within these networks at V1 differed from TD children and correlated
with cognitive and language learning behavioural outcomes. However, cortical network strength changes did
not correlate with behavioural outcomes at V2. Overall our pilot MRI demonstrated that children with OSNaided mild/moderate hearing loss have dynamic alternative cortical speech and sound networks that
acclimatize within two months.
Conclusions
Powered by the pilot, we recruited a further 40 children for a double-blind registered clinical trial
(NCT03771287). Age and hearing loss matched pairs were randomly assigned to OSN or omni programming
on physically identical hearing aids. Behavioural measures showed no differences between groups at V1 or
V2 (9-13 months of hearing aid use) on speech in noise, word learning or memory ability, or on parent, teacher
or self-assessments. Cortical activity and resting state connectivity results are being analysed using pipelines
established in our pilot.
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Disclosure: This research was funded by the Oticon Research Foundation. Design, execution and reporting of
the study were completed independent of the Foundation and Oticon Inc.
W87. Early-Life Stress Alters Vocalization Preference in Gerbils
Plasticity, Learning, & Adaptation to Hearing Impairment
Kate Hardy*1, Denise Hart2, Merri Rosen3
1
Northeast Ohio Medical University (NEOMED), Kent State University, 2Hiram College, 3Northeast Ohio
Medical University (NEOMED)
Background
Early-life stress (ELS) is known to affect cognition, learning, and emotional regulation. While the mechanisms
that induce ELS-derived dysfunction are broad, they include alterations in critical period regulatory elements1.
Yet despite increased plasticity of the auditory system during critical periods, it is unknown whether ELS
affects simple sensory perception. This may be the case, as children from low socio-economic status
environments (a proxy for ELS) have increased risk for impaired speech perception, as well as altered auditory
brainstem responses to speech envelopes2. Recent studies from our laboratory have indicated that ELS impairs
gerbil auditory perception of temporal features, such as those expressed in gerbil vocalizations3. Here we
tested whether ELS affects gerbil approach and avoidance responses to conspecific vocalizations.
Methods
To induce ELS, Mongolian gerbil pups were intermittently maternally separated and restrained from P9-P24,
a time window encompassing the critical period for auditory cortex maturation. These animals and an agematched Control group were then tested as juveniles (P30-P36) in a Y-shaped maze with speakers at the ends
of two arms to allow approach behavior, and a dummy speaker at the end of the third arm to allow avoidance
behavior. This design provides an opportunity for animals to approach or withdraw from a sound source at the
ends of particular arms. The sound stimuli were exemplars from either greeting or alarm calls. Time spent in
each arm and in a central monitoring position was scored offline.
Results
Relative to Control animals, ELS animals showed greater approach behavior, regardless of stimulus type.
Notably, ELS animals decreased the amount of time spent farthest away from either sound, suggesting that
ELS animals were not actively avoiding the sound. ELS animals tended to increase monitoring behavior during
aversive sounds, unlike Control animals.
Conclusions
Our results indicate that ELS influences behavioral responses to ethologically relevant sounds. These
behavioral changes may arise from differences in auditory perception, cognition, anxiety, or a combination of
these factors. To help determine whether cognition and anxiety are affected by this treatment, we are collecting
performance data on additional behavioral tasks. These data are among the first to demonstrate auditory
dysfunction emerging from early life stress and will contribute to understanding how ELS in children impacts
scholastic performance.
W88. Open Board
W89. Effects Hearing Protection on Spatial Awareness
Psychoacoustics
Hillary Snapp*1, Seba Ausili1, Suhrud Rajguru1, Natasha Solle1, Barbara Millet1
1
University of Miami
Background
Firefighters are at increased risk for noise-induced hearing loss (NIHL) due to frequent exposure to hazardous
levels of noise. Despite increased awareness of NIHL as a major occupational health problem, implementation
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of effective hearing protection interventions remains challenging in this population. Reduction of situational
awareness as a result of hearing personal protective equipment (PPE) has been reported as a primary barrier
to PPE use in the fire service. Accurate sound localization contributes to situational awareness, and influences
rapid decision making. Hearing PPE both reduces overall access to sound and disrupts access to cues
responsible for key spatial orientation tasks such as localization accuracy and front-back distinction. NIHL
also reduces access to spectral cues. This study examines the effects of PPE and NIHL on spatial awareness.
Methods
The experiment was conducted with the Coordinate Response Measure (CRM) speech corpus. In each trial of
the experiment, four simultaneous spatially separated phrases from the CRM corpus were presented at random
from 4 equidistant speakers in 360 degree horizontal array. Listeners were instructed to listen for the target
phrase, which was identified by the presence of the call sign “Baron,” amidst three masking phrases. The
experimental task required the listener to locate the source of the target phrase and report the associated colornumber combination of the phrase. Localization accuracy was collected using a custom head-orientation
tracker. Listeners were tested under two hearing PPE conditions and two simulated NIHL conditions using a
repeated measures design.
Results
Listeners were highly accurate at both localization and speech monitoring under the normal hearing condition.
Localization performance and speech monitoring were negatively affected by PPE. Reaction times revealed
participants required increased time to locate the target un the experimental conditions compared to normal
hearing conditions. Dual task performance indicates a tradeoff between search time and accuracy under the
experimental conditions.
Conclusions
Results reveal use of hearing PPE significantly disrupts spatial hearing, specifically localization performance.
Compromised speech monitoring and increased reaction times revealed decreased ability to manage dual tasks
when compared to the normal hearing condition. These results are consistent with the self-reported barrier to
PPE use of reduced situation awareness, evidenced by impaired decision making and task performance in a
controlled dual-task localization experiment.
W90. Deep Neural Networks Reveal Interplay of Peripheral Coding and Stimulus Statistics in Human
Pitch Perception
Psychoacoustics
Mark Saddler*1, Ray Gonzalez1, Josh McDermott1
1
Department of Brain and Cognitive Sciences, MIT
Background
Computations on receptor responses enable behavior in the environment. Behavior is plausibly shaped by both
the sensory receptors and the environments for which organisms are optimized, but their roles are often
opaque. One classic example is pitch perception; whose properties are commonly linked to peripheral neural
coding limits rather than environmental acoustic constraints.
Methods
We developed a model of pitch perception by optimizing artificial neural networks to estimate the fundamental
frequency (F0) of their acoustic input. The networks were trained on simulated auditory nerve representations
of speech and music embedded in background noise. To investigate which aspects of the auditory periphery
and acoustical environment contribute to human-like pitch behavior, we optimized networks with altered
cochleae and sound statistics.
Results
Human-like behavior emerged only when cochleae had high temporal fidelity and when models were
optimized for natural sounds. Specifically, lowering the upper-limit of phase-locking in the auditory nerve
yielded models with behavior qualitatively different from that of humans, with substantially worse F0
discrimination and a distinct dependence on stimulus characteristics. Model behavior was substantially less
sensitive to changes in cochlear frequency tuning. However, the results were also strongly dependent on the
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sound statistics the model was optimized for. Optimizing for stimuli with unnatural spectra, or without
concurrent background noise yielded behavior qualitatively unlike that of humans.
Conclusions
The results suggest pitch perception is critically shaped by the constraints of natural environments in addition
to those of the cochlea. The work provides an example of how supervised machine learning can enable
normative analysis in domains where traditional ideal observers are intractable, an approach that is broadly
applicable outside of pitch and audition.
W91. The Relationship Between Behavioral Gap Detection Thresholds and Electrophysiological
Measurements of Neural Adaptation in Adult Cochlear Implant Users
Psychoacoustics
Brittney Carter*1, Jeffrey Skidmore2, William Riggs2, Shuman He2
1
The Ohio State University Wexner Medical Center, 2The Ohio State University
Background
Poor speech perception in cochlear implant (CI) users has been attributed to deteriorations in the auditory
system (Friedland et al., 2010; Roberts et al., 2013). Temporal cues are particularly important for speech
perception in CI users, and the severity of temporal processing deficits has been shown to correlate to speech
perception abilities (Grose et al., 2006; Fitzgibbons and Gordon-Salant, 1996). The ability of the auditory
nerve (AN) to faithfully encode electrical stimulation has been proposed to be important for the perception
and acuity of temporal cues. In this study, we assessed the association of behavioral gap detection thresholds
(GDTs) with neural adaptation and recovery from adaptation, two properties of temporal responsiveness of
the AN, at two electrode locations for each study participant. This study tested the hypothesis that GDTs were
affected by the amount neural adaptation and the speed of recovery from adaptation due to prior stimulation.
Methods
Study participants included seven post-lingually deafened adult CI users ranging in age between 38 to 71 years
(mean: 60 years; SD: 11 years). For one participant, both ears were tested. As a result, data were collected in
eight ears. All subjects were implanted with a Cochlear™ Nucleus® device in the test ear(s) with full
electrode insertions. For each subject, electrically evoked compound action potentials (eCAPs) and behavioral
gap detection thresholds (GDTs) were measured at one basal and one apical electrode location, using pulse
train stimuli at two carrier rates: 900 and 1800 pulses per second (pps). Behavioral GDTs were measured using
a three-alternative, forced-choice, three-down one-up adaptive protocol estimating 79.4% correct detection
(Levitt, 1971). One-tailed, Spearman correlational analyses between behavioral and electrophysiological
measurements were performed separately for the two carrier rates.
Results
Our preliminary results showed that there was no significant correlation (p > .05) between behavioral GDTs
and the amount of AN neural adaptation at either 900 pps or 1800 pps. The association between GDTs and
recovery from adaptation is currently under investigation.
Conclusions
Based on our preliminary results, the degree of peripheral neural adaptation seems to not have a strong effect
on behavioral GDTs. Neural adaptation recovery will be evaluated as the next step to this analysis.
W92. Pitch Perception Improves With Increasing Modulation Depth in Normal Hearing and Cochlear
Implant Users
Psychoacoustics
Andres Camarena*1, Raymond Goldsworthy1
1
University of Southern California
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Background
Pitch has been aptly defined as the perceptual correlate of the periodicity of sounds. The fundamental
frequency of voiced speech and of musical notes produces a complex pattern of spatial and temporal variations
across the auditory nerve. Cochlear implants (CIs) attempt to mirror this process by delivering temporally
modulated pulse trains to electrodes along the length of the auditory nerve. Cochlear implants allow for submicrosecond control over the temporal properties of stimulation. Despite this exceptional control, pitch
perception provided by CI stimulation is significantly worse than that of normal-hearing listeners even when
normal-hearing listeners are limited to temporal cues associated with spatially unresolved harmonics.
Methods
This study examines the extent that resolution on a pitch-ranking task depends on modulation depth of the
temporal cues. Two experiments will be described. In the first experiment, adults with normal hearing and
adults who use cochlear implants were tested on pitch ranking of modulated tones with modulation depth
systematically controlled. The carrier tone was a 6 kHz sinusoid with sinusoidal amplitude modulation applied
for modulation frequency conditions of 110, 220, and 440 Hz. Modulation depth was systematically varied
with conditions including 25, 50, 100, 200, and 400% modulation depth with 200% depth corresponding to
half-wave rectification (i.e., “transposed”) and the 400% condition further temporally sharpened.
Results
Results indicate that pitch ranking is better when provided by stimuli with deeper temporal modulations for
both normal hearing and CI users. The second experiment examines similar stimuli but bypassing clinical
sound processing to directly test the extent modulation depth affects pitch ranking in CI users when presented
amplitude-modulated pulse trains on a single electrode. Preliminary results from the second experiment further
supports that pitch ranking is better provided by stimulation with deep modulations.
Conclusions
We interpret these results as evidence that modulation enhancement can improve pitch perception for cochlear
implant users.
W93. The Role of Beating in Mistuning Perception
Psychoacoustics
Sara Madsen*1, Andrew Oxenham2
1
Technical University of Denmark, 2University of Minnesota
Background
In Western music all tones are separated by a given number of semitones. Small changes to these step sizes
can make them sound more dissonant and “out-of-tune”. Earlier studies have shown that the preference for
consonant over dissonant musical intervals presented in isolation was related to preference for harmonicity
over inharmonicity but not with preference for sounds without beating. However, it remains unclear whether
the same sensitivity to harmonicity underlies our ability to detect mistuning between two instruments in
ongoing musical segments. The present study addresses this question by determining the degree to which the
presence or absence of beats affects mistuning judgments.
Methods
Participants were asked to judge whether short excerpts from J.S. Bach Two-Part Inventions for keyboard
were in tune, using four possible responses: “sure in-tune”, “maybe in-tune”, “maybe out-of-tune”, or “sure
out-of-tune”. The stimuli consisted of complex tones that contained the first 15 harmonics, presented with
equal amplitudes, and were gated with onset and offset ramps of 20 ms, superimposed on an exponential decay
with a time constant of 400 ms. Mistuning was achieved by increasing or decreasing the F0s of all tones in
the high voice by 0.5 semitones. The first experiment tested an unprocessed condition (including both
inharmonicity and beating cues), conditions where beating was reduced or eliminated by either presenting the
low and high voices to opposite ears (dichotic condition) or by lowpass and highpass filtering the low and
high voices, respectively, at 1150 Hz, and a condition where the two voices were perceived in opposite ears
by introducing interaural time differences (ITDs), but retained the presence of beats. The second experiment
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varied the spectral slopes of the tone complexes to vary the amount of beating and included conditions with
no slope, slopes of -6 or -14 dB, an infinite slope (pure tones).
Results
Preliminary data, collected online, show above-chance performance in all conditions. However, performance
appears to be markedly better for conditions in which beats are available, even when they are attenuated by
the presence of a spectral slope. There was also a trend for mistuning to be better detected when the upper
voice was mistuned down (compressed intervals) than when it was mistuned up (expanded intervals) in all
conditions.
Conclusions
The results suggest that beats may be used to detect mistuning between instruments in everyday musical
situations.
W94. Impact of Different Components on Spoken Sentence Comprehension Revealed by SpeechEvoked Electroencephalography
Psychoacoustics
Trang Le Thi*1, Youngmin Na1, Inyong Choi2, Jihwan Woo1
1
University of Ulsan, 2University of Iowa
Background
Verbal communication comprises the retrieval of semantic and syntactic information elicited by various types
of words (i.e., parts of speech) in a sentence. Content words, such as nouns and verbs, convey essential
information about the overall meaning (semantics) of a sentence, whereas function words, such as prepositions
and pronouns, carry less meaning and support the syntax of a sentence. Recently, to investigate speech
processing, electroencephalography (EEG) has been widely used because it can be utilized to measure brain
activity with excellent temporal resolution. Traditional event-related potential (ERP) techniques rely on
repeated measures of isolated sensory events (e.g., isolated syllables). Recent advances in EEG analysis have
made it possible to parse speech-evoked EEG components elicited by individual segments (e.g., phonemes
and word onsets in a sentence) from continuous speech stimuli. We propose a new approach to investigate the
different contributions of certain types of words on overall sentence comprehension.
Methods
EEG signals were recorded using a 64-channel EEG system in 13 normal-hearing subjects. The participants
were asked to watch a silent movie during the experimental session, while 10 sentences were presented
through a loudspeaker; each sentence was presented 100 times. The ERP for each sentence was extracted by
averaging the event-related EEG signals. The phoneme impulse train was set based on the phonemes’ onset
time in each sentence and was extracted for whole-sentence and component-exclusion cases. The components
were examined in pairs as follows: (1) content vs. function, (2) noun vs. verb, and (3) object vs. subject. In
the cases of component–exclusion, phoneme information related to the component was omitted in the wholesentence phoneme impulse train. Speech-evoked EEG responses were calculated by computing the crosscorrelation coefficients between the ERPs and phoneme impulse train. The Wilcoxon-signed rank test was
used to compare whole sentences with each component–exclusion.
Results
Speech-evoked EEG responses of whole sentences and all component–exclusion cases revealed a pattern
comparable to that of the auditory complex (i.e., P1-N1-P2) approximately 150–300 ms after stimuli onset in
the cortical language circuit. When comparing the speech-evoked EEG responses of each component–
exclusion pair with those of the whole-sentence cases, significant reductions (P<.05) were observed for the
content word–, noun–, and object–exclusion pairs in many language-related brain regions (e.g., left inferior
frontal and temporal regions) at time N1. In contrast, such differences were not revealed for the function word–
, verb–, and subject–exclusion cases, respectively.
Conclusions
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We evaluated the effects of noun, verb, object, and content word components in a sentence on sentence
comprehension using speech evoked EEG. The results showed that content words, nouns, and objects are
dominant in spoken sentence comprehension compared to function words, verbs, and subjects, respectively.
Supported by grants from the National Research Foundation of Korea (2017R1E1A1A01078409)
W95. Harmonicity Aids Hearing in Noise
Psychoacoustics
Malinda McPherson*1, River Grace2, Josh McDermott2
1
Harvard University, 2Department of Brain and Cognitive Sciences, MIT
Background
Hearing in noise is a core problem in audition, and a challenge for hearing-impaired listeners, yet the
underlying mechanisms are poorly understood. We explored whether harmonic frequency relations, a
signature property of many communication sounds, aid hearing in noise.
Methods
We measured detection thresholds in noise for tones and speech synthesized to have harmonic or inharmonic
spectra.
Results
Harmonic signals were consistently easier to detect than otherwise identical inharmonic signals. Harmonicity
also improved discrimination of sounds in noise. In contrast to other documented effects of harmonicity,
harmonic detection advantages were comparable in musicians and non-musicians.
Conclusions
The results show that harmonicity is critical for hearing in noise, demonstrating a previously unappreciated
aspect of auditory scene analysis. The consistency of the effect across synthetic and natural stimuli, as well as
across musical expertise, suggests its importance in everyday hearing.
W96. FST is an Essential Co-Factor of LIN28B Mediated Supporting Cell Reprogramming and Hair
Cell Regeneration in the Early Postnatal Cochlea
Regeneration
Xiaojun Li*1, Angelika Doetzlhofer1
1
Johns Hopkins University School of Medicine
Background
The loss of mechano-sensory hair cells within the inner ear cochlea is among the leading causes for hearing
impairments and deafness in humans. In birds, fish and other non-mammalian vertebrate species, lost hair
cells are regenerated by neighboring glia-like supporting cells. Prior to the onset of hearing, cochlear
supporting cells in mammals have some limited regenerative capacity; however, the capacity of cochlear
supporting cells to regenerate lost hair cells rapidly declines within the first postnatal week in mice. Previously,
we found that reactivation of the RNA binding protein LIN28B restores the declining capacity of postnatal
day 5 (P5) supporting cells to re-enter the cell cycle and generate hair cells and identified follistatin (Fst) as a
downstream target of LIN28B. FST is a secreted protein known to antagonize Activin-type signaling. During
cochlear development FST functions to prevent premature cell cycle exit and differentiation of hair cell and
supporting cell progenitors (pro-sensory cells). Whether FST plays a role in hair cell regeneration is currently
unknown.
Methods
To address the role of FST in hair cell regeneration we used stage P5 murine cochlear organoid and explant
culture models. To overexpress FST and or LIN28B we used doxycycline inducible transgenes. To
knockout/knockdown endogenous Fst expression we infected organoids with lentiviral particles containing
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shRNA and CRISPR-Cas9 constructs. To identify downstream targets of LIN28B and or FST regulation we
used bulk-RNA sequencing.
Results
Here, we identify FST as an important co-factor in LIN28B-stimulated hair cell regeneration. We found that
co-activation of FST greatly enhanced LIN28B’s positive effect on supporting cell proliferation and hair cell
production, whereas knockout/knockdown of endogenous Fst in LIN28B overexpressing organoids/explants
greatly attenuated LIN28B’s positive effect on proliferation and hair cell generation. Furthermore, consistent
with FST known inhibitory role in Activin/TGFβ-type signaling, we found that higher than normal levels of
TGFβ-type ligands such as TGFβ2, ActivinA or BMP4 inhibited LIN28B-induced supporting cell
proliferation and blocked hair cell formation. Global gene expression analysis uncovered that LIN28B and
FST promoted supporting cell reprogramming through distinct mechanisms. We found that FST inhibited
ectopic activation of mesenchymal and neuronal gene expression, whereas LIN28B activated pro-growth gene
pathways and induced key pro-sensory and hair cell-specific genes. Furthermore, we found that LIN28Bmediated upregulation of pro-sensory and hair cell-specific genes was greatly enhanced by FST co-expression.
Conclusions
Our results identify FST as an important co-activator of cochlear hair cell regeneration. Our analysis suggests
that FST acts downstream of LIN28B and that its main functions is to reduce TGFβ-type signaling in
supporting cells during supporting cell reprogramming. Future studies will examine whether reactivation of
LIN28B and FST promotes hair cell regeneration in the mature cochlea.
W97. Type 1 Interferon/JAK/STAT Signaling Pathway in the Ignition of Supporting Cell Activation
for Hair Cell Regeneration in the Avian Auditory Epithelium
Regeneration
Mami Matsunaga*1, Tomoko Kita1, Ryosuke Yamamoto1, Norio Yamamoto1, Takayuki Okano1, Koichi
Omori1, Satoko Sakamoto2, Takayuki Nakagawa1
1
Graduate School of Medicine, Kyoto University, 2Medical Innovation Center, Kyoto University,
Background
The mammalian cochlea has a limited capacity for hair cell (HC) regeneration, while the avian cochlea, namely
basilar papilla (BP), HC regeneration occurs by direct trans differentiation and mitotic division of supporting
cells (SCs) throughout their lives. However, the critical molecules for the induction of SC activation have not
been clarified in the avian BP. The aim of this study was to identify the candidate pathway for the ignition of
SC activation in chick BPs and validate its role in Atoh1 upregulation after HC injury using chick BP explant
cultures.
Methods
We used explant cultures of post-hatched one day chick BPs. To induce total HC loss in BPs, we exposed BP
explants to streptomycin (SM). After 48 h-exposure to SM, BP explants were incubated in the culture media
containing no SM. BP samples for bulk RNA sequencing (RNA-seq) were collected at four time points: SM0
(before SM exposure), SM24 (24-h exposure to SM, the time point for total HC loss), SM48 (48-h exposure
to SM, the endpoint of SM exposure), and post-SM6 (6 h after SM treatment, 12 h before the emergence of
converting HCs). Alterations in the RNA-seq data were validated by quantitative PCR (PCR) and in situ
hybridization (ISH). A JAK inhibitor, ruxolitinib phosphate was used to block type1 interferon/JAK/STAT
signaling.
Results
In the data set of RNA-seq, 1,219 genes were identified as differentially expressed genes (DEGs) in 19,238
genes. Atoh1 was upregulated from SM24 together with other signature genes that have been demonstrated
involvement in HC regeneration in the avian and /or murine cochleae. Atoh1 upregulation was confirmed with
qPCR and ISH. Among DEGs, Ifi6 was identified only one gene that exhibited upregulation from SM0 to
SM24 and downregulation from SM24 to SM48 or post-SM6. Based on this, we focused on the type I
IFN/JAK/STAT signaling pathway. We found 13 DEGs encoded molecules associated with Type I
IFN/JAK/STAT signaling pathway. In ISH for Ifi6, virtually no expression was found in SM0 samples, while
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both the SM24 and SM48 samples exhibited intense expression in some SCs, indicating the activation of noncanonical type I IFN/JAK/STAT signaling in SCs of damaged BPs. Supplementation of a JAK inhibitor to the
culture media resulted in a significant reduction of Ifi6 expression in qPCR at 24 h after SM exposure. In
addition, a trend to decrease Atoh1 expression levels by a JAK inhibitor was observed, although the difference
was not statistically significant. Altogether, IFN/JAK/STAT signaling could be associated with Atoh1
activation in SCs of chick BPs in response to SM-induced damage.
Conclusions
The present results indicate the involvement of type I IFN/JAK/STAT signaling for the ignition of SC
activation for HC regeneration in chick BP explant cultures.
W98. Characterizing the Flat Cochlear Epithelium as a Novel Model of Age-Related Hearing Loss
Regeneration
Sydney Sheltz-Kempf*1, Jeremy Duncan1
1
Western Michigan University
Background
Neurosensory hearing loss is one of the most common sensory disorders, and its long-term effect is
characterized by the flat epithelium present after hair cells have died in the organ of Corti (OC). Most people
who suffer from age-related hearing loss undergo progressive deafness for several years. Cochlear implants
and hearing aids are limited treatment options since they both require the presence of at least some spiral
ganglion neurons and hair cells, respectively. As a result, it is important to understand what cell types are
present and what genes are expressed in the flat epithelia in order to guide proper treatment.
Methods
Therefore, we sought to establish a model of the cochlear flat epithelia resulting from a single injection of
diphtheria toxin (DTX) in the Pou4f3-DTR mouse line. Previously, the Pou4f3-DTR line has been shown to
kill hair cells within the first postnatal week, but there is some hair cell regeneration soon after. Previous
additional work in our lab has consistently generated a flat epithelium in the mouse cochlea by inducing hair
cell death in the Pou4f3-DTR line during the late postnatal period.
Results
We also confirm that hair cell loss via this method is permanent until at least 6 months, with no evidence of
spontaneous regeneration. By performing immunohistochemistry and H&E stains on whole mounts and frozen
sections of cochleas, we were able to histologically characterize flat epithelium in these models and analyze
the morphology of the cells that remain. Furthermore, by performing in situ hybridization and qPCR for a
variety of sensory and non-sensory genes, we were able to better define the genetic expression of these cells.
Conclusions
This model provides a consistent flat epithelium phenotype that can be used as a baseline in regeneration
studies.
W99. Survival of LGR5-positive Supporting Cells Following Ototoxic Trauma in the Adult Mouse
Cochlea
Regeneration
Louise Straatman*1, Rana Yadak1, Natalia Smith Cortinez1, Ferry Hendriksen1, Dyan Ramekers1, Robert
Stokroos1, Huib Versnel1
1
University Medical Center Utrecht
Background
Previous studies have shown that certain supporting cells in the mammalian cochlea express stem cell markers,
including Leucine-rich repeat-containing G-protein-coupled receptor 5 (LGR5). It has been demonstrated that
LGR5-expressing supporting cells from the mouse cochlea can differentiate into new hair cells in vitro via
manipulation of Wnt and Notch signalling pathways. However, as these studies mainly focused on the neonatal
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cochlea, it is less clear whether LGR5+ supporting cells are a potential stem cell source for hair cell
regeneration in the adult cochlea. Therefore, the current study examines to what extent LGR5+ supporting
cells are present in the adult mouse cochlea and whether these cells survive after ototoxic trauma in vivo.
Methods
Auditory brainstem responses (ABRs) were recorded in 1) adult (postnatal day 30) wild type, 2) normalhearing Lgr5-eGFP-IRES-creERT2 heterozygous (Lgr5eGFP/±) and 3) deafened Lgr5eGFP/± littermates.
Animals were deafened with a single dose of 100 mg/kg i.v. furosemide and 700 mg/kg s.c. kanamycin.
Cochlear whole-mounts and cryosections were prepared and processed for immunohistochemistry in order to
characterize the status of mature hair cells and LGR5+ supporting cells.
Results
In normal-hearing (ABR confirmed) adult mice, LGR5-EGFP expression was detected in the third row of
Deiters’ cells and, to a lesser extent, in the inner pillar cells in the organ of Corti. Seven days after the ototoxic
trauma severe hearing loss was confirmed by ABR recordings. Immunohistochemistry showed extensive outer
hair cell loss and limited inner hair cell damage following ototoxic trauma. Notably, there was substantial
LGR5+ cell survival in these cochleas. In some of the deafened mice an increased EGFP signal was even
observed, especially in the third row of Deiters’ cells.
Conclusions
The presence of the LGR5+ cells in the cochlea of the adult mouse strongly suggests potential endogenous
cochlear stem cells with regenerative capacities in adulthood. To our knowledge, this is the first study showing
LGR5+ cell survival after an ototoxic trauma in vivo, even in adult mice with extensive hair cell loss. The
increased EGFP signal in the deafened cochlea, which might be seen as a result of ototoxicity induced LGR5+
cell proliferation, needs to be further explored.
W100. Using Active Inference to Model Selective Attention During Cocktail Party Listening
Speech perception
Emma Holmes*1, Thomas Parr1, Timothy Griffiths2, Karl Friston1
1
UCL, 2Newcastle University
Background
Selective attention enables listeners to focus on a talker among a mixture of talkers. Yet, it does not appear to
be all-or-none: when an attention-directing cue is presented, preparatory attention builds up over time. For
example, reaction times progressively improve as an instructional cue is presented longer in advance of the
target talker. Also, EEG activity increases in amplitude before the target talker speaks. The computational
processes underlying this slow induction of attentional set are not fully understood.
Methods
Here, we take a theoretical stance, based on active inference (Friston et al., 2017). We introduce a new
generative model of selective attention during cocktail party listening and treat selective attention as an
inference problem. We model a simple paradigm in which two spatially separated talkers each speak a
different colour and number word. A visual cue directs attention to the left or right talker, and the task is to
identify the words spoken by the cued talker. We used this model to test competing hypotheses about how
time-sensitive changes in precision affect simulated reaction times and EEG responses.
Results
Temporal changes in precision were unnecessary to explain the improvement in reaction times with longer
cue-target intervals but were needed to explain the increase in EEG responses before the target talker speaks.
An exponential-shaped increase in precision fit the EEG data better than alternative functional forms tested.
Conclusions
Overall, this work contributes to our understanding of selective attention. The model generates quantitative
(testable) predictions about behavioural, psychophysical and electrophysiological responses, and underlying
changes in synaptic efficacy.
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W101. Relationships Between Subjective and Objective Measures of Continuous Speech
Understanding Reveal Age-Related Deficits
Speech perception
Jason Dunlap*1, Janani Perera1, I.M. Dushyanthi Karunathilake1, Jonathan Simon1, Stefanie Kuchinsky2,
Samira Anderson1
1
University of Maryland, 2Walter Reed National Military Medical Center
Background
Understanding speech in realistic listening conditions can be challenging. On one hand, naturalistic speech
often contains contextual information that helps listeners. However, realistic listening environments also often
contain multiple talkers that can mask the acoustic signal and limit such context benefits. Difficulties with
understanding are exacerbated by other factors that commonly affect speech perception such as age-related
hearing and cognitive declines. As a result of these conflicting factors, listeners may find it difficult to
accurately assess and articulate the intelligibility of their everyday listening environment. It is therefore
imperative to determine if subjective ratings of speech understanding reflect sentence recognition scores in
more naturalistic speech environments and whether they can capture age-related effects on speech-in-noise
perception. Based on previous findings comparing standardized measures, we hypothesized a more positive
relationship between objective intelligibility scores and subjective ratings would be observed for younger
adults compared to older adults, who have been thought to under-report hearing-related challenges.
Methods
Nineteen younger and fifteen older normal-hearing adults rated the intelligibility of minute-long naturalistic
speech passages spoken by a single talker and presented in quiet or with a competing speaker that they were
instructed to ignore. The target speaker was presented once in quiet, and three times each at two signal-tomasker ratios relative to the distractor speaker, 0 dB and -6 dB. For each presentation, listeners rated their
understanding of the passage on an interval scale from 0 to 10. In a separate session, researchers presented 34 second isolated sentences that were matched in content and signal-to-masker ratio to the minute-long
passages. Listeners repeated target speaker sentences aloud and were scored on the number of keywords they
correctly recited.
Results
An ordinal mixed-effects regression examined the relationship between subjective intelligibility scores as a
function of signal-to-masker ratio, age group, and objective speech recognition scores. The relationship
between subjective speech intelligibility and objective speech recognition was more positively correlated for
lower signal-to-masker ratios compared to higher ratios and the quiet condition. There was no effect of age on
sentence recognition scores or intelligibility ratings; however, the correlation between sentence recognition
scores and subjective ratings were more positive for younger adults compared to older adults as the signal-tomasker ratio increased.
Conclusions
Subjective ratings were predicted by objective sentence recognition scores in a limited set of conditions. This
suggests that neither measure alone fully captures age-related effects on speech-in-noise perception in
naturalistic speech environments. Rather, age-related differences may arise when looking at the strength of
the relationship between the two measures. This finding has potential implications for an older patient’s ability
to provide a meaningful self-assessment in a clinical setting.
This work was supported by the National Institute on Aging of the National Institutes of Health under Award
Number P01AG055365 (Simon).
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W102. Predicting Aided and Unaided Speech Intelligibility of Hearing-Impaired Listeners Using an
Auditory Model
Speech perception
Helia Relaño-Iborra*1, Johannes Zaar2, Torsten Dau1
1
Technical University of Denmark, 2Eriksholm Research Centre
Background
The speech-based computational auditory signal processing and perception model [sCASP; Relaño-Iborra et
al., (2019), J. Acoust. Soc. Am., 146(5), 3306–3317] has been shown to successfully account for the speech
intelligibility of normal-hearing listeners in a wide variety of listening conditions, including speech
degradations as well as non-linear speech enhancement algorithms. The model combines a non-linear
auditory-inspired preprocessing with a back end based on the cross-correlation between the clean and the
degraded speech representations in the modulation envelope domain. In the present study, the sCASP model
was evaluated as a predictor of speech intelligibility data obtained with hearing-impaired (HI) listeners in a
speech in noise task.
Methods
Data from two different experiments were used for the model evaluation. Experiment 1 focused on predicting
aided speech intelligibility in the presence of a stationary noise. Speech reception thresholds (SRTs) were
simulated for 68 HI-listeners originally measured in the study of Johannesen et al. (2016) [Trends Hear., 20,
1–14]. The stimuli consisted of sentences from the Spanish Hearing in Noise Test (HINT) corpus presented
at 65 dB sound pressure level (SPL) in the presence of a speech-shaped noise (SSN) masker. The listeners
were provided with linear amplification and the input signals to the model were amplified correspondingly.
Experiment 2 considered the speech intelligibility of unaided listeners in the presence of stationary and
fluctuating noises. SRTs were modelled for 13 HI-listeners and compared to data collected in Christiansen
and Dau (2012) [J. Acoust. Soc. Am., 132(3), 1655–1666]. The stimuli consisted of Danish sentences from
the CLUE corpus presented at 80 dB SPL in the presence of three different maskers: SSN, an 8-Hz modulated
SSN and a nonsense-speech masker.
The model was tuned to the individual listeners’ auditory profile, making use of their pure tone audiogram as
well as estimates of cochlear compression and outer- and inner-hair cell loss. The model was evaluated in
terms of its predictive power of the average listener data and as a predictor of the individual listeners’
performance.
Results
The predictions obtained with sCASP reflected the general decrease in performance observed for the HIlisteners as compared to results from normal-hearing listeners. Furthermore, the model correctly predicted
masker-type effects in the SRTs. Generally, the model accounted well for the trends observed at a group level,
whereas reasonable correlations between the measured and predicted performance across the individual
listeners were only found for experiment 2.
Conclusions
Overall, albeit promising, the results suggest that further investigations are required for the model to account
for individual performance.
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W103. Amplified Cortical Tracking of Word-Level Features of Continuous Competing Speech in
Older Adults
Speech perception
Juraj Mesik*1, Lucia A. Ray1, Magdalena Wojtczak1
1
University of Minnesota
Background
Speech-in-noise (SIN) comprehension difficulties are a common complaint among the elderly population, yet
traditional objective measures of speech perception are largely insensitive to this deficit, particularly in the
absence of clinical hearing loss. In recent years, a growing body of magneto- and electroencephalographic
(M/EEG) recordings in young normal-hearing adults has demonstrated that high-level features related to
speech semantics and lexical predictability elicit strong centro-parietal negativity in the EEG signal around
400 ms following the word onset. Here we investigate effects of age on cortical tracking of these word-level
features, and their relationship with self-reported difficulties with SIN understanding.
Methods
Younger (18-40 years, n = 19) and older (41-70 years, n = 20) adult participants with normal audiometric
thresholds or mild high-frequency hearing loss (corrected for using amplification) participated in a
noninvasive EEG recording from 64 surface electrodes, while attending to one of two diotically presented,
spatially co-located audiobooks (65 dB SPL each). After each ~60 sec block, participants responded to several
comprehension questions about the target story, and provided ratings of confidence for each response, general
intelligibility, and state of attentiveness. Additionally, all participants filled out a modified speech, spatial and
qualities of hearing (SSQ_m) scale to rate their subjective SIN perception difficulties.
Audiobook transcripts of both the attended and ignored stories were separately used to generate vectors with
time-aligned impulses scaled by values of three features: 1) “semantic” dissimilarity of each word relative to
the preceding context, 2) lexical surprisal for each word, and 3) overall word audibility, reflecting the average
signal-to-noise ratio (SNR). The vectors were then simultaneously regressed against the EEG signal to
estimate the strength of cortical tracking of the three features, as well as the corresponding temporal response
functions (TRF) for both attended and ignored speech.
Results
Our results revealed robust cortical tracking of all three features for attended speech, with surprisal and word
audibility showing significantly stronger contributions to neural activity than dissimilarity. Contrary to our
initial hypothesis of weakened tracking of word-level features in older adults, we found that both surprisal and
audibility showed significantly stronger tracking in older than younger adults, especially at frontal electrode
sites, potentially reflecting increased listening effort. Similar trends were observed with TRFs for the three
features, albeit to a weaker degree. Finally, neuro-behavioral analyses revealed trends of a negative
relationship between SSQ_m and the overall model fits for attended speech, and a positive relationship
between task performance and the overall model fit, indicating behavioral relevance of these measures.
Conclusions
Together, these results demonstrate the utility of modeling cortical responses to competing speech using
complex, word-level features and the potential for their use to study changes in speech processing due to aging
and hearing loss. [Supported by NIH grant R01DC015462].
W104. The Effect of Face Coverings on Children’s Speech Perception in Noise
Speech perception
Nicole Corbin1, Anoop Jagadeesh2, Christopher Brown*1
1
University of Pittsburgh, 2The All India Institute of Speech and Hearing
Background
Consistent access to quality speech is critical for the development of listening and spoken language among
children who are deaf or hard of hearing (D/HH). It has been established that noise degrades the quality of
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speech and interferes with children’s access to spoken language in the classroom. Current guidelines from the
Centers for Disease Control and Prevention promote the use of face coverings to mitigate the spread of
COVID-19. Recent acoustic analyses suggest that face coverings affect the quality of speech. This implies
that face coverings interfere with children’s access to spoken language in the classroom, where noise is already
a barrier to effective communication. It remains unclear to what extent face coverings affect the ability of
children who are D/HH to understand speech in the classroom. This study investigates the effect of face
coverings on the speech recognition abilities of school-age children who are D/HH.
Methods
Children ages 5-12 years of age completed a sentence recognition task in quiet and competing speech. One
group of children were D/HH, enrolled in a listening and spoken language (LSL) program at the DePaul School
for Hearing and Speech in Pittsburgh, PA. The other group of children had normal bilateral hearing. Target
sentences were recordings of Bamford-Kowal-Bench (BKB) sentences spoken by a female talker in the
absence of a face covering and in a variety of face covering conditions (e.g., cloth face covering, cloth face
covering with transparent window, fully transparent face covering, and face shield). An adaptive tracking
procedure was used to establish the signal-to-noise ratio (SNR) required for 70%-correct recognition of
sentences in each condition. Preliminary results suggest an effect of face covering on intelligibility.
Results
Analyses will focus on the effects of age, hearing status, face covering condition, and noise on speech
perception.
Conclusions
Preliminary results suggest an effect of face covering on speech intelligibility.
W105. Lip-Reading or Lip-Aiding? – Visually-Presented Acoustic Temporal Envelope Enhances
Speech Perception in Noise
Speech perception
Yi Yuan*1, Yonghee Oh1
1
University of Florida
Background
When the auditory signal is degraded due to the impoverished nature of the signal transmission, the visual
cues of the talker's face may be crucial for better speech intelligibility. "Lipreading" is therefore considered
as an essential skill, especially for hearing impaired (HI) listeners. However, the nature of the speech
information that visual modality conveys and how auditory and visual modalities integrate during the speech
perception is still debatable. In the classic Motor Theory perspective (Liberman et al., 1967), the visual input
provides information about the speaker's articulations, integrated with the auditory input in a particular speech
processing module. As an alternative theory, General Auditory approaches suggest that the visual information
is not about articulations, per se, but about the correlation between the visual and auditory signals (Diehl et
al., 2004). In this study, we hypothesized that integrating auditory and visual modalities is based on the
temporal structure of the speech acoustic signals. In other words, instead of providing specific articulation
gestures, dynamic movements of the mouth in a continuous speech are served as a visual analog of the acoustic
temporal envelope.
Methods
20 normal hearing (NH) listeners and 10 HI listeners participated in speech-in-noise measurements for audioonly and audio-visual conditions. Target sentences consisted of the Harvard sentences (IEEE, 1969) spoken
by two male and two female talkers presented at 65 dB SPL and embedded within background multi-talker
babble noise. Prior to the audio-visual speech perception measurements, audio-only speech perception was
tested in various noise levels (62 to 72 dB SPL with 2 dB steps) to estimate perceptually equalized signal-tonoise ratios (SNRs) across subjects. Individualized SNR of the speech stimuli was then generated afterward
for the audio-visual conditions. Instead of actual lip movements, a visual sphere that increased and decreased
in sync to the amplitude envelope of the speech signals as provided as visual stimuli in audio-visual conditions.
pg. 123

The Association for Research in Otolaryngology (ARO)
The 44th Annual MidWinter Meeting
Wednesday, February 24, 2021, U.S. Eastern Time Zone

Results
The audiovisual benefits were calculated by the differences between audio-only and audio-visual speech
perception accuracies. The group-averaged results show that 5 - 45 % (mean ± std = 28 ± 11%) significant
audiovisual benefits in NH listeners. There were more individual variations in HI listeners due to various
subject factors (e.g., degree of hearing loss and onset of hearing loss).
Conclusions
Visual modality aids the transmission of the information of acoustic amplitude envelope and enhances speech
perception in multi-talker listening environments for both NH and HI listeners. These findings suggest that
temporal dynamic cues of lip-movements aid speech perception because they provide time-varying, rhythmic
patterns of the speech rather than enhancing the phonological representation of the sound.
W106. Lexical Properties of Perceptual Errors Made by Younger and Older Adults Listening to
Speech in Multitalker Babble
Speech perception
Hannah Vickery*1, Daniel Fogerty2, Jayne Ahlstrom1, Judy Dubno1
1
Medical University of South Carolina, 2University of Illinois at Urbana-Champaign
Background
Large individual differences in recognition of speech in babble are often observed among older adults, even
when audibility is ensured through appropriate amplification. To assess one potential source of variability,
this study examined the patterns of word errors made when younger and older adults listened to sentences in
babble. Previous literature has suggested that although older adults make more errors, they may use context
better than younger adults to fill in final words in sentences. This may be related to older adults’ larger and
more diverse lexicon. That is, when compared to younger adults, perceptual errors by older adults may be
less constrained by the target word, due to poorer perceptual encoding related to reduced audibility, but more
reflective of the linguistic diversity of their lexicon.
Methods
To test this hypothesis, three groups of participants: younger normal-hearing adults, older normal-hearing
adults, and older adults with hearing impairment (OHI) listened to low-context and high-context sentences in
multitalker babble and identified the final word of each sentence. Each participant was encouraged to guess
what they heard, even if it did not make sense to them. All participants were provided with spectral shaping
appropriate to their individual hearing thresholds and were native speakers of American English. Participants
also completed a standardized test of receptive vocabulary knowledge.
Results
Preliminary results show that although OHI listeners made more errors overall, they made fewer attempts at
guessing the final word compared to both younger and older normal-hearing groups. Therefore, a lower
propensity for making response attempts may be characteristic of poorer perceptual encoding related to
hearing loss, and not due to aging. Incorrect responses for all groups in both contexts tended to words with
higher rates of occurrence in the English language compared to correct responses to the target words.
Conclusions
Thus, listener errors contained more common words in the language under uncertainty, particularly with the
greater contextual uncertainty of low context sentences. However, group differences indicate a potential
contribution of vocabulary knowledge. Finally, OHI listeners also demonstrate large differences between
error word frequency in low and high context sentences. Further discussion of lexical response error analyses
will examine group differences in how listeners recruit lexical abilities to fill in ambiguous cues when listening
to speech in babble. Outcomes will be interpreted within the context of the extent to which error profiles due
to lexical as well as auditory abilities explain individual differences in recognition of sentences in babble.
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W107. Attentional Reinforcement of Human Corticofugal System Aids Speech Perception in Noise
Speech perception
Caitlin Price*1, Gavin Bidelman1
1
University of Memphis
Background
Perceiving speech-in-noise (SIN) demands precise neural coding between brainstem and cortical levels of the
hearing system. Attentional processes can then select and prioritize task-relevant cues over competing
background noise for successful speech perception. In animal models, brainstem-cortical interplay is achieved
via descending corticofugal projections from cortex that shape midbrain responses to behaviorally relevant
sounds. Attentional engagement of corticofugal feedback may assist SIN understanding but has never been
confirmed and remains highly controversial in humans.
Methods
To resolve these issues, we recorded source-level, anatomically constrained brainstem frequency-following
responses (FFRs) and cortical event-related potentials (ERPs) to speech via high-density EEG while listeners
performed rapid SIN identification tasks. We used functional connectivity to measure the directed strength of
coupling between levels and characterize “bottom-up” vs. “top-down” (corticofugal) signaling within the
auditory brainstem-cortical pathway. Attention was varied with active vs. passive listening scenarios whereas
task difficulty was manipulated with additive noise interference.
Results
Active listening (but not arousal-control tasks) exaggerated both ERPs and FFRs, confirming attentional gain
extends to lower subcortical levels of speech processing. Attention strengthened brainstem-cortical
connectivity bidirectionally; however, corticofugal transmission disengaged under passive (but not active)
SIN listening.
Conclusions
Our findings (i) show attention enhances the brain’s nascent transcription of speech even prior to cortex and
(ii) establish a direct role of the human corticofugal feedback system as an aid to cocktail party speech
perception.
W108. Hyperacusis Masks Tinnitus Response Pattern of Sound-Evoked and Resting State BOLD
fMRI
Tinnitus
Jakob Wertz*1, Fatma Refat2, Benedikt Hofmeier1, Pauline Hinrichs1, Jörg Saemisch1, Wibke Singer1, Lukas
Rüttiger1, Elisabeth (Marlies) Knipper1, Stephan Wolpert3
1
Tübingen Hearing Research Center, 2Minia University, 3HNO Universitätsklinik Tübingen
Background
Hearing loss is often aggravated by symptoms such as tinnitus, a constant ringing, or hyperacusis, a perception
of moderate sounds as too loud or even painful. Tinnitus has a prevalence of 10 % to 20 % in the population,
which enforces successful approaches for causative tinnitus therapies. We hypothesize that the success of
tinnitus therapy highly varies with the co-occurrence of hyperacusis.
Methods
43 controls and 50 tinnitus patients with and without a co-occurrence of hyperacusis were compared on the
basis of a questionnaire, tympanometry, acoustic reflex measurements, auditory brainstem potentials, pure
tone audiometry, and evoked- and resting-state fMRI in anatomically predefined brain regions.
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Results
Patient groups with tinnitus and patient groups with an additional comorbidity of hyperacusis showed
significant differences in the tinnitus questionnaire (Goebel-Hiller-Score), ABR waves, sound-evoked and
resting-state fMRI BOLD activity.
Conclusions
The results demonstrate an undiagnosed co-occurrence of hyperacusis in tinnitus patients as a major caveat
for studies on the neural correlate of tinnitus. These results should guide medical tinnitus practice in the
direction of personalized curative therapies using objective diagnostic markers identified for tinnitus and
hyperacusis.
W109. Translational Study of Intratympanic Botulinum Toxin on Middle Ear Myoclonic Tinnitus
Tinnitus
Jung Mee Park1, Min Jung Kim2, Jae Sang Han2, So Young Park2, Shi Nae Park2, Shi Nae Park*3
1
College of Medicine University of Ulsan, , College of Medicine, The Catholic University of Korea, Seoul, ,
3
Seoul St. Mary's Hospital, The Catholic University of Korea
Background
Middle ear myoclonic tinnitus (MEMT) is a rare disease caused by an abnormal pulsatile movement of middle
ear muscles (MEMs). Up to now, the management of MEMT is primarily limited to conservative therapy and
few effective medications. To propose a breakthrough treatment for intractable MEMT, our research group
previously conducted an animal study to investigate the safety and efficacy of intratympanic botulinum toxin
(IT-BT) injection. This translational study introduces the latest results of our animal study as well as the results
of a pilot clinical study of IT-BT on intractable MEMT patients.
Methods
Immunofluorescence of cleaved synaptosomal-associated protein of 25 kDa (SNAP-25) were detected from
MEMs of Male Sprague-Dawley rats injected with 1 Unit/100㎕ IT-BT. Trachea, esophagus, and stomach
tissues of IT-BT injected rats were evaluated for morphologic changes after IT-BT. The body weight changes
of the control rat group and IT-BT injected rat group were observed in comparison for 2 weeks. For human
trials, 9 intractable MEMT patients were enrolled for IT-BT injection. The first 3 patients were injected with
0.1 Unit/100㎕ BT, next 3 patients were injected with 0.5 Unit/100㎕ BT, and the last 3 patients were injected
with 1 Unit/100㎕ BT. The hearing thresholds and the degree of tinnitus distress measured by visual analogue
scale (VAS) and tinnitus handicap inventory (THI) were observed for changes at 2 weeks, 4 weeks, and 3
months after IT-BT injection. All patients were closely followed up for any immediate and delayed
complications for up to 3 months.
Results
Cleaved SNAP-25 was strongly expressed in MEMs of IT-BT injected rats, especially at 1 week and 3 weeks
after injection, which then became weak at 2 months. No significant morphologic changes were found in the
respiratory and digestive organs of rats after IT-BT injection. Body weight changes did not differ between
control and experimental rat groups. As for clinical trials, MEMT patients generally showed improvement of
VAS and THI scores after IT-BT injection, indicating alleviation of tinnitus distress. There were no significant
changes in hearing thresholds of all enrolled patients, and no major complications were noted during the
follow-up period.
Conclusions
Human pilot trial was successfully performed based on sufficient evidence from the animal study that showed
the safety and efficacy of IT-BT. A novel method of IT-BT injection for intractable MEMT patients before
considering surgical management of middle ear tendon resection seems acceptable with excellent clinical
results of efficacy and safety. A further clinical study in a large sample size will be necessary for in-depth
investigation of IT-BT on MEMT patients.
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W110. 23Na MRI, a New Quantitative Method for the Detection of Tinnitus in an Animal Model
Tinnitus
Sylvie Pucheu*1, Amandine Laboulais2, Maïda Cardoso2, Christophe Goze-Bac2
1
CILcare, 2University of Montpellier
Background
The difficulty to detect tinnitus objectively in animal models means carrying out new quantitative methods is
a key step in the development of new compounds. In the MRI field, MEMRI is often used for detection. To
circumvent the toxicity of MnCl2 and its non-translational method, a non-invasive protocol without a contrast
agent injection was developed based on sodium MRI (23 Na MRI). Sodium plays an important role in
metabolism and 23Na MRI is a powerful tool for quantitatively assessing the distribution of tissue sodium
(intracellular and extracellular spaces). In the literature, aberrant distribution in Na1.6 channels have been
observed, which can lead to hyperexcitability in the auditory system associated with tinnitus. 23Na MRI
provides physiological information complementary to proton MRI (1H MRI), therefore 23Na MRI is applied
to clinical applications (tumors, strokes, multiple sclerosis and muscular disease) to assessing diseases and
therapies non-invasively.
Methods
MRI protocol:
Two series of Proton/Sodium acquisitions were performed on each rat under isoflurane anesthesia. The first
series of acquisitions served as the baseline (before salicylate administration). An injection of salicylate (300
mg/kg/IP route) was then performed. Two hours after injection of the drug, a second series of acquisitions
was performed.
Analysis of MRI images:
The distributions of 23Na concentrations were determined by integrating the 23Na MRI signals corresponding
to short and long relaxing components (intra and extra cellular) in ROIs from the inferior colliculus (IC) and
the cerebral cortices (CC).
23Na MRI signal levels were referenced to the concentration (154mM) of NaCl tubes positioned close to the
brain of the rat. Only the long NMR relaxation component is expected in the reference tubes. The distributions
of 23Na concentrations were determined by integrating the 23Na MRI signals corresponding to short (5ms)
and long (25ms) relaxing components (intra and extra cellular) in ROIs from the inferior colliculus (IC) and
the cerebral cortices (CC).
Results
Increases of the 23Na concentrations were observed in the right inferior colliculus (IC) for 5 rats except in
one animal, in the right cerebral cortex (CC) for all rats and in the left CC of 3/5 rats. On the contrary, a
decrease was found in the left IC for 3/5 rats. Finally, in the whole brain, an increase from 8,8 to 17,5% was
demonstrated for all rats except in one animal.
Conclusions
Preliminary results revealed a potential increase of sodium in the volume of extracellular space in the inferior
colliculus in the tinnitus animal model. However, this increase in extracellular space does not appear to be
specific to the auditory system in the presence of sodium salicylate. In future 23Na MRI experiments, it would
be interesting to validate this technic on a noise-induced tinnitus model, a more translational tinnitus model.
W111. Ebselen Mitigates Tobramycin-Induced Threshold Shifts and Hyperacusis in Mice
Tinnitus
Ryan Longenecker*1, Rende Gu1, Jennifer Homan1, Jonathan Kil1
1
Sound Pharmaceuticals, Inc
Background
Aminoglycosides (AG) such as tobramycin are commonly used in CF patients with recurrent pulmonary
infections and those infected with multi-drug resistant tuberculosis. AGs are highly ototoxic, resulting in
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auditory dysfunction including hearing loss, hyperacusis, and tinnitus. Prior studies have shown that ebselen
can prevent and treat sensorineural hearing loss in animals and humans. Traditionally AG animal models only
assessed auditory brainstem responses (ABRs). Our group has recently shown that the acoustic startle reflex
can assess both evidence of hyperacusis and tinnitus in an amikacin mouse model. The goal of this study is to
further establish an ASR methodology for examining the effect of AGs on auditory dysfunction and the
efficacy of ebselen in reducing tobramycin-induced ototoxicity in a clinically translatable mouse model.
Methods
CBA/CaJ mice three months of age were divided into three groups: Group 1 served as a control and did not
receive tobramycin or ebselen, Group 2 received tobramycin (200 mg/kg/s.c.) and the vehicle
(DMSO/saline/i.p.) daily for 14 continuous days, and Group 3 received the same dose/schedule of tobramycin
as Group 2 and ebselen at (20 mg/kg/i.p.). ABR and ASR assessments of hearing were performed at baseline
and 2, 6, 10, 14, and 18 weeks from the start of treatment. ASR tests included input/output functions to assess
general hearing and hyperacusis, PPI (Prepulse Inhibition) Audiometry to assess hearing deficits, and GPIAS
(Gap-induced Prepulse Inhibition of the Acoustic Startle) to assess tinnitus. Following hearing assessments,
hair cell counts were obtained via cochlear histologic analysis.
Results
Following 14 days of tobramycin injections, 16 kHz thresholds increased from baseline over the 18-week
recovery period with evidence of fluctuations. ABR wave 1 amplitude changes were also seen but varied in
magnitude as a function of frequency. Input/output ASR functions revealed hyperacusis as exaggerated startle
response magnitudes evoked from stimulus levels above 80 dB SPL. This phenomenon was significantly
ameliorated by ebselen treatment. Gap detection deficits, representing tinnitus, were observed in a smaller
subset of animals. Cochlear histology did not reveal significant changes in hair cell counts.
Conclusions
This work corroborates our previous findings that AGs can result in hearing dysfunctions. We show that a
clinically comparable 14-day course of tobramycin treatment can cause hearing loss, hyperacusis, and to a
lesser extent, tinnitus. Ebselen was able to ameliorate tobramycin-induced hearing loss and hyperacusis. These
data support the clinical testing of ebselen as a potential treatment for hearing loss, tinnitus, and hyperacusis
in patients receiving tobramycin.
W112. Onset-Offset Cortical Auditory Evoked Potential Indices of Tinnitus-Related ExcitatoryInhibitory Neural Plasticity
Tinnitus
Kenneth Morse*1, Kathy Vander Werff1
1
Syracuse University
Background
The perception of tinnitus may be triggered by changes in the balance of excitatory-inhibitory
neurotransmission in the central auditory system secondary to noise exposure or other peripheral damage.
Because it has been suggested that responses to sound onset and offset may differentially reflect excitatory
and inhibitory neural responses, onset-offset differences in cortical auditory evoked potential (CAEP)
components may provide an objective index of whether such central auditory changes are associated with
tinnitus perception in humans. The aim of this study was to assess whether onset-offset CAEP amplitude
and/or latency differences indicating changes in central auditory function distinguish between a group with
constant tinnitus and matched non-tinnitus controls, and whether tinnitus presence and/or other factors (e.g.
age, hearing level) predicted onset-offset outcomes.
Methods
CAEPs were recorded at the onset and offset of a 3-second white noise burst presented at 50 dB SL (including
a silent gap in the center, not analyzed for the current study) in individuals with chronic tinnitus and no-tinnitus
counterparts matched for sex, age, and hearing thresholds (n = 13, 6 male in each group; age range 20-76,
mean = 54 years). Onset-offset differences in area, amplitude, and latency for the P1, N1, and P2 components
were compared between groups using independent t-tests. The relative predictive value (proportional
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reduction in error, PRE) of tinnitus, pure tone average (PTA), sex, age, and behavioral gap detection threshold
on CAEP outcome variables that significantly differed between groups was analyzed using linear regression.
Results
Onset-offset differences in overall area (p = 0.035), P2 amplitude (p < 0.001), and P2 latency (p = 0.024) were
significantly larger in the tinnitus group compared to controls. Presence of tinnitus was the best predictor of
the P2 amplitude onset-offset difference (Partial PRE = 0.482). When the age range was limited to adults over
the age of 50 years (excluding 7 subjects < 50 years), tinnitus presence explained more of the variance (Partial
PRE = 0.707). Other characteristics were significant predictors (PTA for area difference, age for P2 latency
difference), but did not account for as much of the variance as tinnitus presence for P2 onset-offset amplitude
difference.
Conclusions
Onset-offset difference in individuals with tinnitus, particularly related to P2, were significantly larger
compared to a group of matched no-tinnitus controls. This finding supports changes in central auditory
excitatory and inhibitory function related to the perception of tinnitus. The results are consistent with the
theoretical mechanism of tinnitus generation in which peripheral auditory insult triggers reduced inhibition
and consequently, auditory hyperactivity. The preliminary finding that tinnitus was a better predictor of onsetoffset differences in individuals 50+ years also suggests an interaction or moderating effect between agerelated changes and tinnitus perception may exist.
W113. The Aging-Related Decrease in cVEMP Amplitude Cannot be Accounted for by EMG
Rectification
Vestibular: Basic Research & Clinical
Mujda Mujda Nooristani*1, Brahim Kaci2, Karina Moïn-Darbari2, Benoit-Antoine Bacon3, François
Champoux3, Maxime Maheu2
1
Université de Montréal, 2Université de Montréal, School of Speech Language Pathology and Audiology,,
3
Carleton University
Background
Cervical Vestibular Evoked Myogenic Potentials (cVEMP) is an electromyogenic measure commonly used
in clinic to assess saccule function. The main parameters are peak-peak amplitude and interaural asymmetry
ratio (IAR). Several non-vestibular factors may influence these parameters. Notably, a greater EMG
contraction level prior to stimulation leads to an increased amplitude. As aging impacts both vestibular
structures and muscle propreties, it is still a matter of debate whether the decrease in cVEMP amplitude
observed in normal aging is due to EMG differences prior to stimulation or to the effect of aging on the
sacculo-collic reflex pathway. At the clinical level, understanding the effect of aging on the relationship
between EMG activity and cVEMP response (amplitude, asymmetry ratio) and the effect of EMG rectification
is crucial to improving the categorization of healthy versus pathological responses.
Objective: To investigate whether EMG rectification modifies cVEMP amplitude and asymmetry ratios
differently in young and older heatlhy adults.
Methods
cVEMP recordings were conducted in 42 normal healthy participants divided in two age groups: young
(n=29): mean=22.79 SD=1.66; and older (n=13): mean=69.00 SD= 3.61. Air-conducted cVEMP were
recorded using Eclispe (Interacoustics, Denmark). The stimulus was a 95dBnHL tone burst (500Hz) with rise,
plateau and fall time of 1ms. cVEMP were recorded only when EMG levels were between 50uV and 150uV,
using the Eclipse (Interacoustic, Denmark) monitoring system.
Results
No significant differences were observed for prestimulus EMG levels between young and older participants
(F(1,83)=1.13, p=0.291). However, significant differences between groups were observed for cVEMP nonrectified (F(1,83)=14.78; p=0.000237) and cVEMP rectified (F(1,83)=21.85; p=0.000011). A significant
positive linear relationship between prestimulus EMG contraction level (RMS) and cVEMP non-rectified
amplitude was observed in young participants (r2=0.234; p= 0.00012), but not in older adults (r2= - 0.0144;
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p= 0.056). Finally, no significant differences between young and older participants were observed for nonrectified asymmetry ratios (F(1,41)=0.124, p=0.726) or rectified asymmetry ratios (F(1,41)=0.726, p=0.508).
Conclusions
Our results suggest that when EMG is monitored and activation of the SCM is sufficient, the observed decline
in cVEMP amplitude with normal aging does not seem to be caused by EMG differences and is therefore
likely due to the known histopathological modifications of the vestibular system that occurs with normal
aging.
W114. Identification of SARS-CoV-2 Pathway of Entry: The ACE-2 Receptor in Vestibular
Endorgans From Normal (Autopsy) and Meniere’s (Surgical) Patients
Vestibular: Basic Research & Clinical
Gail Ishiyama1, Ivan Lopez*1, Akira Ishiyama1
1
David Geffen School of Medicine at UCLA
Background
Since the declaration of the COVID-19 pandemic (March 2020), reports of dizziness, vertigo, and vestibular
disorders in patients with SARS-CoV-2 infection began to emerge. In a retrospective study of 214 COVID19 patients from Wuhan, China from January 16 until February 19, 2020, 17% of the patients had dizziness
(Mao et al., 2020). There are also isolated case reports of vestibular neuritis in young asymptomatic patients
with SARS-CoV-2 infection (Pellitero and Ferrer-Bergua, 2020; Malayala and Raza, 2020). In the present
study we localize the expression of the receptor and proteases used by SARS-CoV-2, angiotensin I converting
enzyme 2 (ACE-2), transmembrane protease serine 2 (TMPRSS2) and furin within the human vestibular
periphery.
Methods
Macula utricle were acquired at surgery from patients who required transmastoid labyrinthectomy for
intractable Meniere’s disease (N=3), and patients who required a translabyrinthine approach for vestibular
schwannoma resection (N=2). Celloidin embedded sections containing the maculae utricle or saccule were
obtained from temporal bones acquired at autopsy from individuals with no auditory or balance disorders (2
male, 1 female, ages 65 to 75 years old) (N=3). Immunofluorescence localization was conducted in cryostat
or celloidin-embedded sections using mouse monoclonal antibodies against ACE-2, TMPRSS2 or furin.
Fluorescent or HRP secondary antibodies against mouse were used for visualization.
Results
ACE2-IF was seen in the apical pole of transitional and dark epithelial cells located at the periphery of the
utricular neurosensory epithelia. The apical pole of supporting cells also demonstrated ACE2-IF. Vestibular
hair cells did not exhibit ACE2-IF. The stromal cells, nerve fibers, nerve terminals, and stromal vasculature
also did not exhibit ACE2-IF. A similar pattern of ACE-2-IF was demonstrated in the saccular macula.
TMPRSS2 and Furin were also immunolocalized in formalin-fixed cryostat and celloidin sections of the
human normal macula utricle and saccule. TMPRSS2-IR localized to the transitional, dark and supporting
cells of the macula utricle; vestibular hair cells were non-IR. Furin-IF was also seen in the apical pole of
transitional and dark epithelial cells located at the periphery of the utricular neurosensory epithelia. The apical
pole of supporting cells was also Furin-IF. Punctated Furin-IF was seen in the stroma. Nerve fibers and
terminals and vascular tissue located in the stroma underlying the macula utricle sensory epithelia did not
express TMPRSS2 nor furin. The utricular maculae from Meniere’s disease and vestibular schwannoma
exhibit similar patterns of immunolocalization of ACE2, TMPRSS2 and furin compared with normative.
Conclusions
To our knowledge this is the first study examining the localization of ACE2, TMPRRS2 and furin in normal
and Meniere’s macula utricle and saccule. The presence of these proteins suggests a potential port of entry of
SARS-CoV-2 into the human peripheral vestibular system.
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W115. Dizziness Following Traumatic Brain Injury: A Track-TBI Study
Vestibular: Basic Research & Clinical
Ricky Chae*1, Jason Barber2, Nancy Temkin2, Jeffrey Sharon1
1
UCSF, 2University of Washington
Background
Traumatic brain injury (TBI) is a leading cause of disability and global injury burden, with 27 million new
cases in 2016. Dizziness affects 40-60% of patients after TBI, which can significantly impact their
employment, social relationships, and overall quality of life. The objective of this study is to investigate the
longitudinal incidence of dizziness following TBI and associated demographic factors, prior medical history,
and other TBI symptoms.
Methods
1,514 subjects were identified from the Transforming Research and Clinical Knowledge in Traumatic Brain
Injury (TRACK-TBI) study, which is a multi-center, prospective longitudinal cohort study. The primary
indicator of dizziness was a self-report of “moderate” or “severe” dizziness at 12 months on the Rivermead
Post-Concussion Symptoms Questionnaire (RPQ). Demographic factors, medical comorbidities, and injury
type and severity were compared among those with and without dizziness. A univariate ordinal regression
model was constructed to identify potential predictors of dizziness at 12 months following TBI.
Results
Of the total 1,514 subjects who had 12-month data, 143 (9%) reported moderate or severe dizziness. Compared
to the subjects with mild or no dizziness, this cohort had fewer years of education (mean 12.7 [SD 2.6] vs.
13.8 [SD 2.7], P<0.001) and a higher prevalence of hypertension (24% vs. 15%, P<0.05) and Type II diabetes
(15% vs. 6%, P<0.05). No statistically significant differences were seen for history of hearing deficit, injury
cause, Glasgow Coma Scale score at the emergency department, and extracranial injury. Potential predictors
of dizziness included age (OR: 1.15; 95% CI: 1.08-1.22), female sex (OR: 1.76; 95% CI: 1.40-2.22), Patient
Health Questionnaire-9 (PHQ-9) score (OR: 1.19; 95% CI: 1.16-1.21), history of migraines (OR: 2.17; 95%
CI: 1.44-3.27), history of anxiety (OR: 2.09; 95% CI: 1.54-2.84), history of depression (OR: 1.97; 95% CI:
1.48-2.62), litigation intent (OR: 1.51; 95% CI: 1.16-1.97), worse hearing after injury (OR: 3.57; 95% CI:
2.64-4.82), headache (OR: 3.45; 95% CI: 2.92-4.07), nausea (OR: 4.43; 95% CI: 3.45-5.69), noise sensitivity
(OR: 3.02; 95% CI: 2.54-3.59), light sensitivity (OR: 3.51; 95% CI: 2.91-4.23), fatigue (OR: 3.33; 95% CI:
2.83-3.90), irritability (OR: 2.46; 95% CI: 2.10-2.89), taking longer to think (OR: 3.17; 95% CI: 2.69-3.74),
blurry vision (OR: 3.65; 95% CI: 3.01-4.44), and double vision (OR: 4.59; 95% CI: 3.50-6.03).
Conclusions
Moderate or severe dizziness persists in a significant percentage of patients with TBI at one-year follow-up.
Our findings suggest that dizziness may be part of a larger symptom complex associated with TBI, rather than
a unique symptom, which has implications for pathophysiology. By better understanding this common and
debilitating post-concussive symptom, we hope to have identified possible avenues for treatment.
W116. Exploring the Roles of TMC1 and TMC2 in Hair Cells of the Vestibular End Organs
Vestibular: Basic Research & Clinical
John Lee*1, Gwenaelle Geleoc2, Jeffrey Holt2
1
Harvard University, 2Boston Children's Hospital, Harvard Medical School
Background
Tmc1 and Tmc2 form sensory transduction channels in auditory and vestibular hair cells. Mice with targeted
deletion of Tmc1 (Tmc1Δ) are deaf, while those without Tmc2 (Tmc2Δ) are phenotypically normal. Mice
lacking both (Tmc1Δ;Tmc2Δ) lack sensory transduction, and exhibit deafness and vestibular dysfunction.
Consistent with these morphological and functional findings, we recently found Tmc1Δ and Tmc1Δ;Tmc2Δ
mice have abnormal inner hair cell (IHC) synapse counts relative to WT mice. These differences evident in
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Tmc1Δ and Tmc1Δ;Tmc2Δ mice are consistent with a developmental shift from Tmc2 to Tmc1 that only
occurs in the cochlea.
While Tmc2 is transiently expressed in the developing cochlea, its expression persists in vestibular hair cells
of the mouse utricle. Despite being phenotypically normal and having no cochlear abnormalities, Tmc2Δ mice
have attenuated vestibulo-ocular reflexes (VOR) and utricular type II hair cell sensory transduction currents.
These findings suggest Tmc2 may play a more prominent role in the vestibular system.
The purpose of this study was to expand upon our cochlear findings and examine the roles of Tmc1/Tmc2 in
the developing and mature vestibular end organs. Characterizing the vestibular phenotypes of Tmc mutant
mice lacking either or both Tmc1/2 will enhance our understanding of the developmental shift from Tmc2 to
Tmc1 in the cochlea and help to potentially reveal the roles of Tmc1 and Tmc2 in vestibular hair cell function.
Methods
Vestibular sensory evoked potentials (VsEPs) were collected from wild-type, Tmc1Δ, Tmc2Δ, and
Tmc1Δ;Tmc2Δ mice at various time points (1 – 8 mo.). Following VsEP acquisition, utricles and saccules
from these mice were harvested and immunostained with antibodies to C-terminal binding protein 2 (CtBP2),
calretinin, myosin7a, and NF200. Calretinin immunostaining was used to differentiate striolar from
extrastriolar regions. Confocal z-stacks of utricular/saccular striolar and extrastriolar regions were obtained.
Imaris imaging software was used to generate 3-D projections, count average ribbon numbers, and track
changes in vestibular afferents over time.
Results
Tmc2Δ mice demonstrated elevated VsEP thresholds at all timepoints relative to WT mice, consistent with
the abnormal sensory transduction currents and VORs recorded from previous studies. Tmc1Δ;Tmc2Δ mice
had absent VsEP thresholds at all timepoints. Decreased synapse counts were also evident in both Tmc2Δ and
Tmc1Δ;Tmc2Δ mice at later timepoints.
Conclusions
Continued expression of Tmc2 in vestibular hair cells may be crucial in differentiating cochlear from
vestibular hair cells. Assessment of balance function alone cannot be assumed to reflect the status of the
vestibular periphery and additional assessments (i.e. VsEPs, VORs, immunohistochemistry) are necessary to
accurately characterize the vestibular periphery in Tmc mutant mice.
W117. Music Listening Habits and Perception in Cochlear Implant Users
Auditory Prostheses
Ramon Bustos*1, Charles Limb1
1
University of California, San Francisco
Background
Cochlear implant (CI) users demonstrate limitations in music perception, therefore we designed a study to
compare music listening habits in CI users and individuals with normal hearing (NH). The goal of this
exploration of music listening habits was to improve our understanding of the impact CIs have on hearing
restoration in an everyday, real-world context.
Methods
We conducted a survey-based cross-sectional study to examine music listening habits in CI users and NH
individuals. A Qualtrics survey was distributed August 2019-2020 and advertised via online support groups
(Cochlear, MED-EL, Advanced Bionics, Facebook), SurveyCircle, and physical bulletin board postings.
Eligible participants included children (>14 years) and adults; we excluded CI users that were activated within
three months of the survey. Our primary outcome measures were differences in music listening habits between
NH individuals and CI users. Responses were analyzed by two-tailed, unpaired t-test.
Results
A total of 44 CI users (43 adults, 1 child) and 71 NH individuals (all adults) participated in this study, totaling
115 responses. Of these, 37 (84.1%) CI users and 65 (95.8%) NH individuals listened to music. We found that
CI users utilized their implant’s microphone (n=31, 49.2%), streamed wirelessly (n=20, 31.3%), and/or used
direct-line audio input (n=12, 15.8%) for music listening. Less CI users (n=21, 53.8%) spent more than one
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hour per day listening to music compared to NH individuals (n=54, 83.1%). The top three music genres CI
users listened to were Classical (n=26, 59.1%) Rock (n=25, 56.8%), and Oldies (n=24, 54.5%) while NH
individuals preferred Pop (n=48, 70.6%), Rock (n=46, 67.6%), and Hip-hop (n=43, 63.2%). Similar
proportions of CI users and NH individuals enjoyed listening for the beat, melody, or timbre of a musical
piece (p=0.20, 0.46, 0.47, respectively). Of those three musical elements, CI users (n=14, 43.8%) rated melody
as the most enjoying (p=0.18). Both groups further displayed similar proportions of individuals who enjoyed
listening to music at home, through a hand-held device, in a vehicle, and at a live performance. However, CI
users (n=21, 58.3%) reported that listening to ambient music in public locations was perceived as less
enjoyable than listening in a quiet-focused environment compared to NH listeners (n=18, 27.3%) (p=0.002).
Finally, few CI users (n=5, 14.3%) demonstrated discomfort while listening at a live performance compared
to NH individuals (n=40, 61.5%) (p<0.0001).
Conclusions
CI users demonstrate different genre preferences and spend less time listening to music compared to NH
individuals. Interestingly, CI users demonstrate less auditory discomfort to live performance listening in
comparison to NH listeners. These differences in music perception shed light on the limitations of CI-mediated
listening, but also suggest that many CI users are regular participants in musical activities.
W118. Effect of Target Talker and Masker Familiarity on a Dichotic Speech Perception Task
Speech perception
Julie Cohen*1, Sandra Gordon-Salant1, Douglas Brungart2
1
University of Maryland, College Park, 2Walter Reed National Military Medical Center
Background
Conversing with a partner in a noisy environment requires the listener to use strategies to pick out the
important information (i.e. speech) from background noise. Speech understanding in a complex environment
can be especially difficult for older adults with normal hearing (ONH), who are less able to extract the target
signal and inhibit the competing noise than younger adults with normal hearing (YNH). One cue for speech
segregation that improves speech understanding in noise for older adults is the familiarity of the target voice
(FV). It may also be the case that the FV benefit can also correspond with a listener’s ability to identify the
voice of the target talker. The goals of this study were to determine: 1) if listeners experience a benefit on
speech understanding in a complex auditory environment with one or two competing talkers when the target
talker is familiar (FT); 2) if these effects persist when the masker is familiar (FM); 3) if the familiar benefit is
dependent on whether the listener can identify the familiarity of the target voice (ID), and 4) if these effects
vary as a function of listener age.
Methods
Participants included 15 YNH and 15 ONH adults who were recruited as familiar couples. Couples recorded
sentences from the Boston University Gerald (BUG) corpus. Listeners were presented with sentences where
the FV was either the target or the masker, and were instructed to report what was said using a matrix of word
choices. Speech understanding performance was measured when the target and a single masker were routed
to the same ear (monotic) at 0- and -5-dB SNR, and when the target was presented monaurally and two maskers
were presented dichotically. Listeners were also prompted to identify the familiarity of the target talker at each
trial.
Results
For the monotic conditions, when the ID was correct, YNH listeners had better speech understanding
performance than ONH listeners across all conditions. However, when the ID was incorrect, the YNH listeners
showed a greater decline in speech understanding performance from the FT to the FM conditions than the
ONH listeners. While performance was significantly poorer in the dichotic than the monotic configuration for
both groups, both groups had better speech understanding performance in the FT condition relative to all other
dichotic conditions.
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Conclusions
Across monotic and dichotic listening configurations, the YNH and ONH listeners exhibited a familiarity
benefit when the FV was the target talker. When the FV was the masker, listeners showed varying ability to
segregate target from masker speech, depending on the number of competing talkers and familiar/unfamiliar
talker identification accuracy.
W119. Age Related Changes in Signal-In-Noise Perception Assessed via Prepulse Inhibition of the
Startle Reflex Response
Aging
Mary Reith*1, Dimitri Brunelle1, Collin Park1, Joseph Walton1
1
University of South Florida
Background
The inability to comprehend speech in an environment with background noise is a chief complaint of the
elderly and also in young adults with hearing loss in noisy environments such as concerts, construction work,
and in crowds. Signal-in-noise (SiN) perception can be measured by using a simple paradigm where a short
tone is played in a continuous background noise and the tone is varied in level to produce various signal-tonoise ratios (SNRs in dB). We measured SiN processing to determine the effects of age in a mouse model of
age-related hearing loss. The purpose of this study is to determine the effects of age and hearing loss on signalin-noise processing across the life span of the CBA mouse.
Methods
A total of 108 mice of both sexes ranging in age from 2 months to 24 months and categorized into; young (26 months old), middle (10-16 months old), and old (17-25 months old) groups. ASR test protocols included
startle I/O functions, and pre-pulse SiN. SiN was assessed using 10,16 and 24 kHz, 50 ms tone bursts
embedded in a continuous 65 dB SPL background noise and SNR varied from +0 to +12 dB SNR, in 3 dB
steps. Control trials (N=30) were randomly interspersed through the session. Raw startle waveforms were then
classified into true startles and non-startles using a machine learning algorithm. The algorithm scales each
normalized waveform and classifies the response as a true startle or non-startle. PPI was calculated by (1(prepulse trial/ control trial)) ×100. Each SNR consisted of 30 trials per session for a total of 180 trials each
session and each mouse was run 3 times/week for a total of 540 trials.
Results
The goal of this project was to determine the effects of age on a SiN task using a high throughput behavioral
paradigm, PPI of the ASR. Compared to young mice in which the majority (95%) could detect the SiN in the
most favorable SNR conditions of +9 and +12, older mice had a wide range of performance outcomes based
on PPI. Therefore, they were grouped into non-responders, and responders based on PPI. Further, responders
were grouped into fair (PPI between 20 and 50%) and good (PPI above 50%). All groups, except the poor
responders, showed a systematic increase in PPI with improved SNR. The 10 and 16 kHz signals resulted in
the greatest PPI values with young mice showing mean PPI of >50% for SNRs > +6 dB. In contrast both fair
and good old responders had PPI values < 50%. The 24 kHz signal showed the lowest mean PPI results for
all groups.
Conclusions
Results indicate an overall age-related decline in the ability of old mice to detect signals in background noise.
W120. An Exploration Study to Characterise the Response of the Heart in Sleeping Infants to
Detection and Discrimination of Speech Sounds
Speech perception
Onn Wah Lee*1, Borislav Savkovic1, Darren Mao1, Julia Wunderlich1, Namita Nicholls1, Emily Jeffreys1,
Michael Eager1, Colette McKay1
1
The Bionics Institute of Australia
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Background
Behavioural assessment of speech discrimination in infants is challenging and thus not commonly measured
in the clinical setting, though it is a useful measure that informs the outcome of amplification management in
infants with hearing loss. Thus, there is a need for the development of an objective speech detection and
discrimination measurement tool. One objective measure is heart rate, which has been shown to be affected
by a change of state of alertness and vigilance in awake infants. This change of state evokes the general arousal
system, which in turn regulates the acceleration or deceleration of the heart rate. This study explored the
change in heart rate in response to speech sounds in sleeping infants. We have separately shown that speech
detection and discrimination ability in sleeping infants can be measured using fNIRS to measure cortical brain
activity; the fNIRS measurement may be made more robust for clinical use by combining brain activity and
cardiac information.
Methods
fNIRS data were recorded from 24 sleeping infants with normal hearing using natural voice recordings of
three consonant-vowel contrast pairs presented at 65 dB SPL in a habituation/dishabituation paradigm. The
standard stimulus of a contrast pair was presented repeatedly to induce habituation, followed by the novel
stimulus. The test was repeated until the infants awoke. The heart rate was extracted from the fNIRS raw data
through a custom signal processing pipeline.
Results
The group average heart rate change response to the standard stimulus blocks showed a short deceleration
response post-stimulus onset, possibly representing stimulus orientation phase, followed by an acceleration
response above baseline level, which is consistent with what is observed in prior literature. The heart rate
change response between the first and second five blocks of standard stimuli did not show observable
difference. The heart rate change was larger with presentation of novel stimuli compared to standard stimuli,
implying that heart rate change reflects speech detection and discrimination ability.
Conclusions
In this study, we have presented a signal processing pipeline that robustly extracts heart rate from fNIRS data.
We have shown heart rate change response to be a useful feature that reflects speech detection and
discrimination which might be useful when used in conjunction with fNIRS cortical brain response to increase
the reliability of the objective test. This finding increases the diagnostic value of using fNIRS to measure
speech discrimination ability in infants.
W121. Assessing of Listening Effort Modulated by Task Difficulty and Reward, Using Response Time
While Performing a Listening Task
Speech perception
Carmen Carabali Carabali*1, Hamish Innes-Brown2, Robert Luke3, Soren Riis4, Colette McKay5
1
University of Melbourne, 2Eriksholm, 3Macquarie University, 4Oticon Medical, 5The Bionics Institute of
Australia
Background
Multiple studies have shown that manipulation of task difficulty influences the amount of mental effort exerted
to understand an auditory stimulus. It has also been shown that other factors such as the motivation of the
individual influence the amount of mental effort a person is willing to exert to understand the stimulus. In this
study, behavioral response time and brain activity measured with functional near infrared spectroscopy
(fNIRS)were used during a listening task to evaluate the effect of task difficulty and motivation in the exertion
of listening effort. The aims of this study were a) to determine if there was an effect of task difficulty and
motivational reward on response time, and b) to determine the effect of task difficulty and motivational reward
on the fNIRS responses in different areas of the brain. Here we report the response time results only.
Methods
Twenty-one participants with standard hearing thresholds were presented sentences in ICRA noise. After each
sentence they pushed one of two keys on a keyboard to indicate whether a word flashed in a screen was or
was not the last word of the last sentence heard. Difficulty was manipulated by changing the SNR and
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motivation was manipulated by offering a monetary reward to the participants if they improved their
performance with respect to the non-rewarded condition. While the participants performed the task, fNIRS
signals were recorded.
The response time was measured between the offset of each sentence and the button press. A 3x2 experimental
design was used, with difficulty levels: easy, medium and hard, and motivation conditions: rewarded and nonrewarded. A two-way repeated measures ANOVA was used to assess the effect of difficulty on response time,
the effect of reward on response time and the interaction between difficulty and motivation on the response
time.
Results
The results showed that there were significant effects of difficulty and motivation on response times, and no
interaction. Post-hoc comparisons revealed that on average, response times for the medium and difficult
conditions were significantly longer than for the easy condition. Also, the average response time for the
difficult condition was significantly longer than the medium difficulty condition. Motivation increased
response time, as participants may have weighted correctness above response speed in the motivated
conditions.
Conclusions
Both task difficulty and motivation influence response time. The increase of response time with difficulty can
be explained by the need of more time to retrieve the meaning from the heard words. The increase in response
time with motivation for correct responses could be due the participants taking more time to be sure that their
responses are correct.
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