JANUARY 28 – FEBRUARY 2, 2017
BIG SKY RESORT
BIG SKY, MONTANA

WINTER CONFERENCE
ON BRAIN RESEARCH

Welcome to the
2017 Winter Conference
on Brain Research (WCBR)!
This year is our 50th meeting. To mark the occasion, we have fulfilled our
unprecedented goal of awarding 50 Travel Fellowships to support attendance
at the meeting by junior neuroscientists. We will also host several special
celebratory events for the 50th meeting, from scientific sessions that recognize
WCBR pioneers to a trivia night and karaoke.
The opening scientific presentation of the conference will be a plenary lecture
during breakfast on Sunday. This year’s speaker is William (Bill) Catterall,
Ph.D. from the University of Washington. Bill is Professor of Pharmacology
who served as the chair of the UW Department of Pharmacology for 32 years,
from 1984 until 2016. He was elected to the National Academy of Sciences
of the USA in 1989, and has received many awards including the Canada
Gairdner International Award in 2010. Throughout his illustrious career, he has
investigated ion channels, most notably sodium and calcium channels, in their
regulation of the membrane potential of excitable cells. This work has been
conducted at levels of analysis ranging from atoms to behavior, and his talk will
bridge these levels, describing the importance of ion channels to brain function,
from their crystal structure to their role in disease and therapeutics. Bill has
been a regular attendee of WCBR over the last four decades, attending his first
meeting in the late 1970s.
Throughout the conference, parallel panel presentations and daily poster
sessions will span the breadth of neuroscience. On Wednesday evening, after
the business meeting there will be a special poster session to showcase the
highest ranked posters from junior investigators. The conference will also host
outreach events for the local community including school visits and a “Brain
Talk” Town Meeting. This year’s Brain Talk will be given by Matt Carter, Ph.D.
from Williams College. From the start of his scientific career, Matt has been a
strong proponent of outreach and scientific communication and published his
first textbook as a graduate student. His talk on “The Neuroscience of a Good
Night’s Sleep” will be held on Monday evening and will be open to the general
public.

January 28 – February 2, 2017 • Big Sky Resort, Big Sky, Montana

1

An important aspect of WCBR is the liberal opportunity for networking, from
the opening reception on Saturday night through to the banquet on Thursday
night. Big Sky is a family-friendly resort with extensive, uncrowded slopes for
all levels, and plenty of activities for non-skiers. It is also a great base for visits to
Yellowstone National Park. We hope you enjoy it.
Paul E. M. Phillips, Conference Chair
50th Winter Conference on Brain Research
Big Sky, MT, January 28 - February 2, 2017
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General Information
WCBR Information Desk and Message Center are

located at the Yellowstone Conference Center, Firehole Lounge.
The Information Desk hours are as follows:
Saturday, January 28, 2017

9:00 a.m. – 7:00 p.m.

Sunday, January 29, 2017

7:00 a.m. – 7:30 p.m.

Monday, January 30, 2017

7:00 a.m. – 7:30 p.m.

Tuesday, January 31, 2017

7:00 a.m. – 7:30 p.m.

Wednesday, February 1, 2017

7:00 a.m. – 9:00 p.m.

Thursday, February 2, 2017

7:00 a.m. – 7:30 p.m.

Pick up your badge and a program book at the WCBR Information Desk in the
Yellowstone Conference Center, Firehole Lounge. If you have purchased guest
meal tickets, these will also be available at the desk.
Exhibits and Poster Sessions are in Jefferson and Madison.

Light refreshments are provided from 3:30 p.m. – 4:30 p.m., Sunday, January
28th through Wednesday, February 1st. Exhibitor setup is Sunday, January 28th,
from 12:00 p.m. – 3:00 p.m. All exhibitors should have their materials removed
by 10:00 p.m. on Wednesday, February 1st.
POSTER SESSION 1, SUNDAY, JANUARY 29th

Posters may be set up after 12:00 p.m. on Sunday.
Posters will be available for viewing from 3:30 p.m. – 7:00 p.m. on Sunday.
Presenters will be at their posters from 3:30 p.m. – 4:30 p.m. Posters must be
removed by 8:30 p.m. on Sunday.
POSTER SESSION 2, MONDAY, JANUARY 30th

Posters may be set up after 8:00 a.m. on Monday.
Posters will be available for viewing from 3:30 p.m. – 7:00 p.m. on Monday.
Presenters will be at their posters from 3:30 p.m. – 4:30 p.m. Posters must be
removed by 8:30 p.m. on Monday.
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POSTER SESSION 3, TUESDAY, JANUARY 31st

Posters may be set up after 8:00 a.m. on Tuesday.
Posters will be available for viewing from 3:30 p.m. – 7:00 p.m. on Tuesday.
Presenters will be at their posters from 3:30 p.m. – 4:30 p.m. Posters must be
removed by 8:30 p.m. on Tuesday.
POSTER SESSION 4, WEDNESDAY, FEBRUARY 1st

Posters may be set up after 8:00 a.m. on Wednesday.
This is a special session displaying the highest-ranked posters by junior
investigators. A grand prize and several other prizes will be presented to the best
posters. Presenters will be at their posters from 3:30 p.m. – 4:30 p.m. and return
for the special session from 7:30 p.m. – 9:30 p.m. Posters must be removed by
10:00 p.m. on Wednesday.
Please refer to pages 34–45 for a listing of poster titles and authors.
BREAKFAST is served to all conference delegates during the keynote

presentation on Sunday, January 29th from 7:00 a.m. – 8:30 a.m. in the Missouri
Ballroom and Lobby.
Monday through Thursday breakfast will be available from 6:30 a.m. – 10:30
a.m., in Huntley Dining Room & Peaks Restaurant (Summit Hotel). Breakfast
vouchers are required for complimentary breakfast.
If you are staying on property at the Big Sky Resort, your breakfast vouchers
will be provided upon check-in at the hotel. If you are staying outside of the Big
Sky Resort, please pick up your breakfast vouchers at the WCBR Information
Desk.
DISCOUNTED SKI LIFT TICKETS will be available to attendees
staying at the Big Sky Resort. Tickets can be purchased at either the Huntley
or Summit Concierge Desks, open daily from 8:00 a.m. – 9:00 p.m. Attendees
staying outside of the Big Sky Resort will pay full price for tickets.
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Continuing Medical
Education (CME)
This activity has been planned and implemented in accordance with the
accreditation requirements and policies of the Accreditation Council for
Continuing Medical Education (ACCME) through the joint providership
of Amedco and Winter Conference on Brain Research (WCBR). Amedco
is accredited by the ACCME to provide continuing medical education for
physicians.
Amedco designates this live activity for a maximum of 29.50 AMA PRA
Category 1 CreditsTM. Physicians should claim only the credit commensurate
with the extent of their participation in the activity.
All WCBR meeting attendees are urged to complete an evaluation of the
meeting. Attendees who are requesting CME credit for the meeting are
required to complete the evaluation. This form is available online only. You
may complete the evaluation at www.winterbrain.org. All evaluations must be
completed by March 2, 2017.
There will be a $100.00 charge for scientific registrants to obtain CME credits.
CME instructions will be available at the meeting registration desk and on
the WCBR website (www.winterbrain.org). Upon completion of the postconference CME evaluation and attestation, your CME certificate will be
emailed after March 6, 2017.
Please contact the WCBR Executive Office for any questions at
info@winterbrain.org or 615-324-2365.

Don't forget to
visit the posters
& exhibits
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Board of Directors
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Susan Ferguson
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Lloyd Fricker
Shane Hentges
Gonzalo Laje
Jacqueline McGinty
John Mendelson
Peter Morgan
Amy Newman
Patricio O’Donnell
Paul Phillips
Thomas Swanson
Anurag Tandon
Barbara Lipska – Ad Hoc Member
Conference Chairs
Paul Phillips, Chair
Patricio O’Donnell, Past-chair
Facilities Chairs
John Mendelson, Chair
David Devilbiss, Chair-elect

Erik Carlson
Sonsoles de Lacalle
Christopher Ford
Amelia Gallitano
Thomas Hyde
Tod Kippin
Marisela Morales
Peter Morgan
Amy Newman
Laura O’Dell
Anurag Tandon
Barry Waterhouse
50th Meeting
Committee
Jill Becker, Chair
Allan Basbaum
Lauren Burgeno
Fritz Henn
Laura O’Dell
Kathie Olsen
Kyle Smith
Gretchen Snyder
Brain Talk Town
Meeting and School
Outreach
Susan Ferguson, Chair
Smitty Stevens
Race Coordinator

Program Chairs
and Committee

Isabelle Aubert

Kyle Frantz, Chair
Lloyd Fricker, Chair-elect
Katherine Burdick

Treasurer
Jacqueline McGinty
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Travel Fellowship Program
Fellowship
Committee

Stephen Chang

Casey O’Neill

Lloyd Fricker, Chair

Robert Cole

Stephanie Padilla

Laurence Coutellier

Peter Rudebeck

Aslihan Dincer

Matthew Sapio

Amanda Fakira

Heath Schmidt

Jian Feng

Cody Siciliano

Andrew Fox

Duncan Sinclair

Stephanie Gantz

Sade Spencer

Dayton Goodell

William Stauffer

Josee Guindon

Hugo Tejeda

Peter Hamilton

Kimberly Urban
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Stephanie Kullmann
Laura Lewis

Fellowship
Mentors

Brennon Luster

Elliott Albers

Stephen Mahler

Anne Anderson

Nora McCall

Matthew Banghart

Ryan McLaughlin

Jessica Barson

Vasiliki Michopoulos

Jill Becker

Matthew Nassar

Mark Bevan

Luis Natividad

Francois Bolduc

John Bohnsack

Katherine Nautiyal

Stephanie Borgland

Lauren Burgeno

Emily Noble

Heather Brenhouse

Anurag Tandon
2017
Fellowship
Awardees
Ream Al-Hasani
David Barker
Jacqueline Barker –
Ann Kelley Memorial
Travel Fellow
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Lex Kravitz
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Margaret Rice

Matt Carter

Michael Levine

Susanna Rosi

Sandra Comer
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Lique Coolen

Aron Lichtman

Jason Shepherd

Matthew Cooper

Christiane Linster

Kyle Smith

Sonsoles de Lacalle

Chunyu Liu

Leslie Sombers

Lakshmi Devi

Carl Lupica

David Stellwagen

David Devilbiss

Manuel Mameli

Thomas Swanson

Dennis Dickson

Elyssa Margolis

Daniel Takahashi
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Paul Marvar
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Carolyn Fairbanks
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Carrie Ferrario

John Mendelson

Stephen Traynelis

Bill Flynn

A. Leslie Morrow

Ramon Trullas

Lloyd Fricker

Anne Murphy

Kuei Tseng

Eliot Gardner

N. Eric Naftchi

Elizabeth Tunbridge

Anthony Grace

Gretchen Neigh

Jill Turner

Nigel Greig

Amy Newman

Francisco Valero-Cuevas

Michael Halassa

Thomas Newton

Henriette van Praag

Sayamwong Hammack

Charles O’Brien

Barry Waterhouse

Colleen Hanlon

James O’Callaghan

George Wilcox

Kristen Harris

Laura O’Dell

Catharine Winstanley

Eric Harris

Kathie Olsen

Jared Young

Jon Indik

Mary Ann Ottinger

James Zadina

Andrew Jenkins

Vinay Parikh

Bernard Zalc

Thomas Jhou

Paul Phillips

Elizabeth Jonas

Joshua Plotkin

Leonard Kaczmarek

Jason Radley

Patrick Kanold

Christopher Ransom

James Knowles

Lara Ray
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Conference Support
EDUCATIONAL GRANTS

The Winter Conference on Brain Research and Amedco would like to
acknowledge the generosity of the companies and institutions listed below
whose unrestricted educational grants have contributed to the overall quality of
this meeting.
Pfizer
The National Institute On Drug Abuse of the National Institutes of
Health under Award Number R13DA01234.

The content is solely the responsibility of the authors and does not necessarily represent
the official views of the National Institutes of Health.

CORPORATE SPONSORS

The Winter Conference on Brain Research appreciates the generous contribution
of our Corporate Supporters, including our Bronze Sponsor, Pfizer.

Don't forget to
visit the posters
& exhibits
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INDIVIDUAL SPONSORS AND ORGANIZATIONS

Thank you to the individuals and organizations who generously support the
Travel Fellowship Program. The gift you make is used exclusively to introduce
young neuroscientists to the WCBR meeting.

Platinum Sponsors
($1,000 and above)

Josh Gordon

Monte Westerfield

Karen Greif

Westerfield Consulting

Allan Basbaum

Sami Harik

Teresa Wood

Jill Becker

Miles Herkenham

Bryan Yamamoto

Mark Geyer

Thomas Hyde

Edward Hall

Elizabeth Jonas

Eric Harris

Silver Sponsors
(up to $99)

Joseph LaManna

Fritz Henn

Anne Anderson

Sarah Leibowitz

John Mendelson

Brian Baldo

Michael Levine

Kathie Olsen

Craig Berridge

Steven Levison

Paul Phillips

John Bowyer

Barbara Lipska

Gretchen Snyder

Erik Carlson

Shaila Mani

George Wilcox

Gaylen Edwards

Jacqueline McGinty

Burr Eichelman

Gold Sponsors
($100 - $500)

Hugh McIntyre

James Fawcett

Stanley McKnight

Warren Hirst

Elliott Albers

John Mendelson

Thomas Jhou

Lique Coolen

Leslie Morrow

Paul Letourneau

Fulton Crews

NexStep Biomarkers

Wendy Macklin

Ted Dawson

Charles O’Brien

Gretchen McCandless

Dennis Dickson

Patricio O’Donnell

Diane Miller

Susan Ferguson

Mary Ann Ottinger

Eric Naftchi

Christopher Ford

Kyle Smith

James O’Callaghan

Kyle Frantz

Thomas Swanson

Margaret Rice

Lloyd Fricker

Kay Tye

Jeffrey Tasker

Denson Fujikawa

Barry Waterhouse
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Exhibitors
ASSOCIATION BOOK
EXHIBIT
80 S. Early Street
Alexandria, VA 22304
Contact: Mark Trocchi
Tel 703-619-5030
Fax 703-619-5035
info@bookexhibit.com
MBF BIOSCIENCE
185 Allen Brook Lane
Suite 101
Williston, VT 05495
Contact: Susan Tappan
Tel 802-288-9290
susan@mbfbioscience.com
MORGAN & CLAYPOOL
PUBLISHERS
1210 Fifth Avenue
Suite 250
San Rafael, CA 94901
Contact: Joe Cho
Tel 415-785-8003
Fax 415-785-2507
cho@morganclaypool.com

PLEXON
6500 Greenville Avenue
Suite 700
Dallas, TX 75206
Contact: Liz Guy
Tel 972-861-5298
elizabethg@plexon.com
STOELTING CO.
620 Wheat Lane
Wood Dale, IL 60191
Contact: Trent Lund
Tel 800-860-9700
trent@StoeltingCo.com

Unstaffed Table
MARY ANN LIEBERT,
INC. PUBLISHERS
140 Huguenot Street, 3rd Floor
New Rochelle, NY 10801-5215
Contact: Lisa Pierce
Tel 914-740-2162
lpierce@libertpub.com

NEURALYNX, INC.
105 Commercial Drive
Bozeman, MT 59715
Contact: Susan Stengel
Tel 406-602-4248
Fax 406-585-9034
susan@neuralynx.com
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Pioneer Awardees
For the 50th WCBR Meeting, we are honoring eight scientists who have
greatly contributed to the field of neuroscience, as well as to WCBR. These
Pioneers will present their work during three special Pioneer Sessions on
Sunday, January 29th; Tuesday, January 31st; and Thursday, February 2nd.
Dr. Jill B. Becker is an internationally
recognized expert on sex differences in the brain,
with an emphasis on sex differences in motivated
behaviors and addiction. Dr. Becker received her
Ph.D. in 1980 in Neuroscience from the Univ. of
Illinois, Urbana-Champaign. She moved to the
University of Michigan in 1980 where she is now
the Patricia Y. Gurin Collegiate Professor of
Psychology, Research Professor in the Molecular and Behavioral
Neuroscience Institute, and Senior Neuroscience Scholar. Dr. Becker is the
author of over 130 articles or chapters and has had numerous grants from
the National Institutes of Health and the National Science Foundation. She
has received many awards including the Louise Hanson Marshall Award
from the Society for Neuroscience and the Ting-Kai Li Keynote Lecture at
the Research Society on Alcoholism in 2016.

In 1980, Dr. Becker published her dissertation research demonstrating sex
differences in gonadal hormone regulation of the striatum. This was the first
demonstration of a functional sex difference outside of the hypothalamic
pituitary axis of mammals. Her pioneering research went on to describe
consequences of that sex difference for behavior. She has demonstrated that
the regulation of the reward system by ovarian hormones in the female rat
are important for reproductive behaviors, reproductive motivation, and
motivation for taking drugs of abuse.
One of the most challenging aspects of science for Dr. Becker was that both
the field of sex differences in the brain and the finding that estradiol rapidly
modulates dopamine release in the striatum by acting directly on membrane
receptors in the striatum challenged the prevailing theories of the time. Now
it is generally accepted that there are rapid membrane receptor-mediated
effects of estradiol in the brain, but this was not the case in when Dr. Becker
first published her findings demonstrating that estradiol was acting directly
on the striatum to rapidly enhance stimulated striatal dopamine release in
vivo and in vitro.
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Dr. Becker first attended WCBR in 1982 and learned to ski at the meeting.
Dr. Becker feels that the WCBR meeting is one of the most important
meetings she attends – both for the science and for the networking
opportunities. Many collaborations have been initiated on ski lifts, and new
insights always come from the high quality scientific sessions. Dr. Becker has
organized numerous scientific sessions, served repeatedly on the Executive
Committee of the WCBR, was Travel Fellowship Chair, and the WCBR
Conference Chair from 2012-2013.
Dr. Bill Catterall received a B.A. in

Chemistry from Brown University in 1968, a Ph.D.
in Physiological Chemistry from Johns Hopkins in
1972, and postdoctoral training in neurobiology
and molecular pharmacology as a Muscular
Dystrophy Association Fellow with Dr. Marshall
Nirenberg at the National Institutes of Health from
1972 to 1974. Following three years as a staff
scientist at NIH, he joined the University of
Washington as Associate Professor of
Pharmacology in 1977, became Professor in 1981,
and served as Department Chair from 1984 to
2016. Catterall discovered the voltage-gated sodium and calcium channel
proteins, which initiate electrical and chemical signaling in excitable cells.
His work has contributed significantly to understanding their structure,
function, regulation, molecular pharmacology, and roles in disease. Catterall
is a member of several science academies, including the U.S. National
Academy of Science, National Academy of Medicine, and the Royal Society
of London, U.K. He has received numerous awards, including the Gairdner
International Award of Canada in 2010. He has been a regular attendee of
WCBR for the last four decades, attending his first meeting in the late 1970s
and helping to make WCBR a world-class meeting over all these years.
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Dr. Miles Herkenham was born in
Yosemite National Park, California. He first started
skiing at Badger Pass in the Park at the age of three.
After living in two other National Parks
(Yellowstone and Rocky Mountain), he ended up in
Santa Fe, NM for high school (started ski racing
there), Amherst College (captain of the Ski Team),
Northeastern University (Ph.D.), MIT (Post-doc),
and then for the next 40 years, his permanent
scientific home at the NIH in Bethesda, M.D. He
merged his love of skiing and science at the WCBR,
a meeting he first attended in 1979. Over the years,
he formed numerous long-lasting personal and professional relationships
with other WCBR regulars. He was Program Chair in the mid-1990s and a
multi-year winner of the Smitty Stevens ski race.

Miles’ scientific career took off at MIT where, under the direction of Dr.
Walle Nauta, he learned modern tract-tracing techniques and charted
nonspecific thalamocortical and habenular connections. At the NIMH
in the laboratory of Dr. Edward Evarts, he recognized the freedom of
opportunity in the Intramural Research Program, took a “road less traveled”
for neuroanatomists, and joined forces with Dr. Candace Pert to develop an
autoradiographic technique for localization of opioid and other peptide and
neurotransmitter receptors. A surprising finding from these studies was of
“mismatches” between transmitter and receptor distributions, igniting a lifelong interest in parasynaptic (“alt-synaptic”) signaling. Then, as the Chief of
the Section on Functional Neuroanatomy, NIMH, he was the first to localize
the cannabinoid receptor in brain and soon discovered its presynaptic
localization, heralding a revolution in understanding of endocannabinoids
as retrograde messengers. He next used the newly developed in situ
hybridization histochemistry method to disclose neuroendocrine and
hormone pathways underlying mood disorders. Understanding the brain’s
stress circuitry and how antidepressant therapies affected it occupied
the next phase of his career and led to the latest chapter—the study of
neuroimmune signaling in psychological stress disorders. His recent WCBR
Panels have represented those efforts. One effort is the understanding of the
CNS immune response to stress, mediated by microglia, and the other is the
role played by the adaptive immune system, i.e., lymphocytes, in regulating
hippocampal neurogenesis and levels of anxiety and depression in rodents.
Miles strives to produce work that makes important contributions to the
field with lasting impact. Many of his papers are highly cited. He continues
to race in the Smitty Stevens race but has stiff competition and settles for
wins in his age group.
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Dr. George F. Koob is an internationally-

recognized expert on alcohol and stress, and the
neurobiology of alcohol and drug addiction. He was
appointed Director of the National Institute on
Alcohol Abuse and Alcoholism (NIAAA) in 2014
and oversees a wide range of alcohol-related
research, including genetics, neuroscience,
epidemiology, prevention, and treatment.

George earned a B.S. in Zoology from Penn State
University, his Ph.D. in Behavioral Physiology from
Johns Hopkins University in 1972 and served as a
post-doctoral fellow in the Department of Experimental Psychology and
MRC Neuropharmacology Unit at the University of Cambridge. He spent
most of his career at The Scripps Research Institute, where he served as the
Director of the Alcohol Research Center, and as Professor and Chair of the
Scripps’ Committee on the Neurobiology of Addictive Disorders. Early in
his career, he served as a researcher in the Department of Neurophysiology
at the Walter Reed Army Institute of Research and in the Arthur Vining
Davis Center for Behavioral Neurobiology at the Salk Institute for Biological
Studies. George is the recipient of many prestigious international honors
and awards, the most recent being the 2016 Research Society on Alcoholism
Seixas Award and most notably, the insignia of Chevalier de la Légion
d’honneur (Knight of the Legion of Honor) from the government of France
for his contribution to the development of scientific collaborations between
France and the United States.
George’s work has significantly broadened our understanding of the
neuroadaptations of the reward and stress neurocircuits that lead to
addiction. In addition, he has validated key animal models for addiction
associated with alcohol and drugs and identified the major role that brain
stress systems play in the development of addiction. This background led to
investigations into why certain alcohol drinkers transition to addiction while
others do not, and how the brain and body respond to excessive alcohol
consumption. George is the author of more than 650 peer-reviewed scientific
papers, and co-authored two widely acclaimed books: The Neurobiology of
Addiction (2005) and Drugs, Addiction, and the Brain (2014).
George first attended WCBR in 1977 where he learned to ski on the
bunny slopes. He has fond memories of skiing with Conan Kornetsky and
colleagues (a group informally referred to as the Conan Kornetsky Ski
Club), and a mogul lesson with Shelley Sparber at Steamboat. Scientifically,
George has organized and contributed to numerous panels over the years.
In addition to bringing junior colleagues to WCBR, George frequently
brought his son, Cameron, who learned to ski at 4 years old with the help
16
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of Elliot Gardner. Subsequently, Cameron attended all the WCBR meetings
with George between 1998- 2013. Cameron would accompany him on the
slopes, but eventually left George and friends in a cloud of snow.
Dr. Sarah F. Leibowitz heads the
Laboratory of Behavioral Neurobiology at The
Rockefeller University in New York, where she has
been a member of the faculty for almost 50 years
and fortunate to have continuous funding from
NIH. Sarah’s first field of study was the classical
piano and music composition. After studying at the
Manhattan and Mannes Colleges of Music in New
York, she spent a year at the prestigious Akademie
Fur Musik in Vienna.

Upon her return to New York, she decided to enter
the world of science, studying Psychobiology at New York University where she
received her B.A. in 1964 and Ph.D. just 3.5 years later. Sarah then joined the
Rockefeller University faculty, pursuing a multidisciplinary research program to
characterize neurobiological mechanisms that control consummatory behavior
and substance abuse in rodents. Sarah has published over three hundred
articles in scientific journals and seventy review articles or book chapters. She
is internationally recognized for her research on the role of neurochemicals,
including norepinephrine, dopamine, neuropeptide Y, galanin and enkephalin,
in mediating disorders of ingestive behavior. Her recent studies in zebrafish as
well as rodents have focused on how maternal consumption of fat, alcohol and
nicotine during pregnancy can impact embryonic development of the brain,
leading to long-term behavioral pathologies. In addition to her research, Sarah
has served on multiple Editorial Advisory Boards, Board of Directors, and
committees for different scientific societies, while also remaining active in music
and serving on the Board of the Orpheus Chamber Orchestra. She has been
elected Fellow of different societies and served on the President’s Council of the
International Behavioral Neuroscience Society, the Human Rights of Scientists
Committee at the New York Academy of Sciences, and a Member-at-Large of
the AAAS Neuroscience Section.
Sarah first attended WCBR in 1972, when she had her first ski lessons with
Conan Kornetsky who insisted on taking her down blue and even black
mogul slopes. After surviving this initiation (while unknowingly being three
months pregnant with her second child), she quickly fell in love with both
the science and the skiing at WCBR. She has attended WCBR each year since
then, frequently joined by her three daughters and husband, and has organized
multiple panels and workshops, often in collaboration with her late friend and
colleague, Bart Hoebel, of Princeton University.
January 28 – February 2, 2017 • Big Sky Resort, Big Sky, Montana
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Professor Roger Nicoll, M.D., grew

up in Princeton, New Jersey and obtained his B.A. at
Laurence University in Appleton, Wisconsin, and his
M.D. from the University of Rochester School of
Medicine in 1968. Following a medical internship at
the University of Chicago he moved to the National
Institutes of Health. From 1973-1975 he worked with
Nobel laureate Sir John Eccles at the University of
Buffalo, New York. In 1975 he moved to the
University of California at San Francisco and is
currently Professor of Cellular and Molecular
Pharmacology.

Roger has received numerous awards and honors, including NIH Career
Development Awards (two times), MERIT Awards (three times), and the Javits
award. He was elected to the National Academy of Sciences in 1994 and to
the American Academy of Arts and Sciences in 1999. Of his numerous other
awards and honors, most notable are the National Academy of Science Award in
Neuroscience and three awards from the Society for Neuroscience: The Axelrod
Prize, The Grass Lecture, and the Gerard Prize.
Roger has been a world leader in elucidating the basic mechanisms underlying
synaptic transmission and synaptic plasticity in the mammalian brain. His
numerous contributions over the last 40 years have laid the foundation for
much of our understanding of how neurons communicate and the adaptations
in synaptic communication that underlie normal and pathological behavior.
In experiments of unusual clarity and rigor, he has revealed the subtlety and
complexity of this signaling. Perhaps his most important contribution has been
in elucidating a number of the key cellular and molecular steps by which the
brain stores information, one of the most important and enigmatic functions of
the brain.
Roger has been a regular WCBR attendee for many decades, attending his first
meeting in 1970. His most memorable times have been skiing in fresh deep
powder on East Greeley at Alta. Very few people ski this because it requires
a rather gnarly high traverse, but for Roger the effort is worth it. He also
thoroughly enjoys the science in the informal WCBR setting. He typically
presents work in progress and values the feedback from colleagues. In Roger’s
words, “I can’t think of a more relaxed forum for scientific exchange. Also the
scientific discussions on the lifts are extremely valuable. I guess the most serious
question is whether I would have attended all these meetings if skiing were not
an option.”
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Charles P. O’Brien earned M.D. and Ph.D.
degrees from Tulane University followed by residency
training at Harvard, Tulane, University of London,
and University of Pennsylvania in internal medicine,
neurology and psychiatry, and became board certified
in both neurology and psychiatry. As Chief of
Psychiatry at the Philadelphia VA, he was responsible
for over 9,000 psychiatric patients. Despite this large
clinical responsibility, he was able to establish and
direct a research program that has had a major impact
on the treatment of addictive disorders. He was
elected to membership in the National Academy of
Medicine in 1991 and has received numerous awards for his research. Among
his discoveries are the effects of alcohol on the endogenous opioid system, the
role of Pavlovian conditioning on addictive behavior and a new medication for
treatment alcoholism. His work in France was recognized by an honorary
doctorate and a knighthood in the Legion of Honor.

Don't forget to
visit the posters
& exhibits

January 28 – February 2, 2017 • Big Sky Resort, Big Sky, Montana
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Dr. R. Suzanne Zukin obtained her
undergraduate degree from Bryn Mawr College and
her Ph.D. from the Johns Hopkins University School
of Medicine. She performed her postdoctoral training
with Daniel Koshland, Jr. at the University of
California at Berkeley. In 1977, Suzanne assumed the
position of Assistant Professor at the Albert Einstein
College of Medicine, and quickly established a
vibrantly active laboratory. She is currently a Professor
of Neurosciences and Director of the
Neuropsychopharmacology Center.

Suzanne has published more than188 peer-reviewed papers and over 50
book chapters. She has made landmark contributions to the understanding
of glutamate receptor structure and function. Her early work identifying the
phencyclidine binding site within the NMDA receptor-associated ion channel
has become a citation classic. She has cloned and identified unique properties
of NMDA receptor splice variants. She described key molecular mechanisms of
NMDA receptor trafficking, as well as PKA regulation of calcium permeability
and calcium signaling in dendritic spines. More recent work has helped to
explain how adverse early life experience blocks mature NMDA receptor
function via epigenetic mechanisms, and her description of REST-dependent
epigenetic remodeling of AMPA receptors has led to the GluR2 hypothesis
of neurodegeneration related to conditions such as ischemia and seizures.
Overall, her discoveries have changed the way we think about memory,
synaptic strength, and information flow in the nervous system, with important
implications for not only ischemia and seizures, but also stroke, spinal cord
injury, amyotrophic lateral sclerosis, drug craving, withdrawal, and stress.
In addition to her research activities, Suzanne has served on several NIH Study
Sections and numerous editorial boards. She was elected to the American
College of Neuropsychopharmacology in 1983 and made a Lifetime Fellow
in 2005. She has been the recipient of many honors and awards, such as
the McKnight Neuroscience of Brain Disorders Award and the NARSAD
Distinguished Investigator Award.
Suzanne first attended WCBR in 1978 and has returned nearly every year since.
She enjoys the informal venue for meeting neuroscientists from a broad array
of research areas, and has made life-long friends through WCBR. She also
loves skiing powder snow, especially under blue skies. Suzanne has many fond
memories of WCBR, including a particularly busy day on which she attended
a morning session (7:30 a.m. to 9:30 a.m.), skied until the lifts closed at 4 p.m.,
chaired a session in the afternoon (4:30 p.m. to 6:30 p.m.), then hosted a dinner
party for 28 guests — all while four months pregnant with her daughter, Valerie.
That is a WCBR classic.
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Program
Saturday, January 28, 2017
6:00 p.m. – 6:30 p.m.

6:30 p.m. – 7:30 p.m.

Newcomers, Travel Fellow, & Mentors
Reception • Cheyenne

Welcome Reception • Jefferson/
Madison

Sunday, January 29, 2017
8:00 a.m. – 9:30 a.m.

1:00 p.m. – 2:30 p.m.

1. Plenary Address and Breakfast •
Missouri Ballroom

Career Development Session • Canyon

Sodium Channels for Breakfast:
From Atomic Structure to
Epilepsy and Medical Marijuana
Pioneer: Bill Catterall

9:45 a.m. – 10:45 a.m.
Sunday Pioneer Panel Session 1:
George Koob • Cheyenne
2. Neurocircuitry of Negative
Reinforcement in Drug Addiction
Pioneer: George Koob; Junior
Investigators: Hugo Tejeda, Sofiya
Hupalo

Careers in Science Outside of
Academia
Lakshmi Devi (Chair), Tony Altar, Joe
Cho, Amy Newman, Gretchen Snyder
Career Development Session • Lake
How to Be Successful in a Career
in Academia
A panel of speakers will discuss best
practices and share experiences with
key elements of a successful career in
academia, including obtaining high
profile publications and extramural
grant funding, mentoring trainees and
managing the lab, and relocations and
negotiations.

10:45 a.m. – 11:45 a.m.
Sunday Pioneer Panel Session 2: Sarah
Leibowitz • Cheyenne
3. Neural Basis of Substance Abuse:
New Insights into Developmental
Origins
Pioneer: Sarah Leibowitz; Junior
Investigators: Emily Noble, Michal
Bajo
January 28 – February 2, 2017 • Big Sky Resort, Big Sky, Montana
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Sunday, January 29, continued
2:45 p.m. – 4:15 p.m.
Special Session for Memorial Panel on
Larry Parsons • Cheyenne
4. A Larry Parsons Memorial Panel:
Impact and Legacy in the Science
of Addiction
Kyle Frantz (Chair), Laura O’Dell,
Scott Hemby, Luis Natividad, George
Koob

3:30 p.m. – 4:30 p.m.
Exhibits & Poster Session 1 • Jefferson/
Madison

4:30 p.m. – 6:30 p.m.
5. Panel • Amphitheater

Structural and Functional
Correlates of Diffusion Tensor
Imaging: Are We Close to
Quantifying in vivo Brain
Connectivity?
Anil Malhotra (Chair), Marek
Kubicki, Eric Chang, Corey Keller,
Miklos Argyelan
9. Panel • Gallatin
Huntington’s Disease: A Search
and Rescue Operation
Michael Levine (Chair), George Rebec,
Joshua Plotkin, Michelle Day, Carlos
Cepeda
10. Panel • Gibbon

The Drunken Almond: The Role
of the Amygdala in the Effects of
Alcohol

New Concepts of How ThalamoCortical Interactions Regulate
Complex Behaviors

Matthew Hill (Chair), Zoe McElligott
(Co-Chair), Ryan McLaughlin,
Candice Contet, Melissa Herman

Christoph Kellendonk (Chair),
Scott Bolkan, Michael Halassa, Yuri
Saalmann, Laura Lewis

6. Panel • Canyon

11. Panel • Lake

Grooming Conductance:
Extracellular and Intracellular
Signals Regulating Myelination
and Remyelination

Stroke - Biomarkers Predictive
of Functional Outcome and New
Targets in Brain Plasticity and
Regeneration

Teresa Wood (Chair), Wendy Macklin
(Co-Chair), Babette Fuss, Ben Emery,
Catherine Lubetzki, Bernard Zalc

Milos Pekny (Chair), Christopher Levi,
Michael Nilsson

7. Panel • Cheyenne
Magnetic Resonance Imaging
in Pre-Clinical Models of
Psychiatric Disorders: Toward
Bridging Translational Gaps and
Developing Treatments
Jibran Khokhar (Chair), Fulton Crews,
Marcelo Febo, Fahmeed Hyder
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8. Panel • Dunraven/Obsidian

12. Panel • Lamar
Cyclic Nucleotide
Phosphodiesterases in the
Circuitry of Mood and Social
Behavior: Genetic Models and
Therapeutic Approaches
Gretchen Snyder (Chair), Kaitlyn
Pilarzyk, Jillian Hufgard, Hanting
Zhang, Ying Xu
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6:30 p.m. – 7:00 p.m.
Refreshment Break • Upper Atrium

7:00 p.m. – 8:30 p.m.
13. Panel • Amphitheater
New Technologies and Strategies
for Studying Brain Disorders:
Clinical Implications
William Bunney (Chair), Steven
Potkin, Larry Goldstein, Arthur Toga
14. Panel • Canyon
Severe Epilepsy – Diagnostic
Trends and Therapeutic
Possibilities
Olaf Paulson (Chair), Stefan Posse,
Lars H. Pinborg
15. Panel • Cheyenne
The Ins and Outs of the Striatum
in Regulating Behavior
Matthew Wanat (Chair), Susan
Ferguson, Geoffrey Schoenbaum,
Stephen Chang
16. Panel • Dunraven/Obsidian
Emerging Insights into the
Cellular and Cognitive Substrates
of Nicotine Addiction
Vinay Parikh (Chair), Jill Turner, Jared
Young, Heath Schmidt

17. Panel • Gallatin
Endogenous Opioid Peptides:
What, When, and How Do They
Control Neurons?
Elyssa Margolis (Chair), Ream
Al-Hasani, Leslie Sombers, Lakshmi
Devi
18. Panel • Gibbon
New Approaches to Identify
Connectivity and Phenotypic
Diversity in Circuits Regulating
Energy Balance
Shane Hentges (Chair), Matt Carter,
Stephanie Padilla, Alexander Jackson
19. Panel • Lake
Synaptic, Circuit and System
Level Measures for Loss of
Consciousness
M. MacIver (Chair), Aeyal Raz,
Anthony Hudetz, Robert Sanders
20. Panel • Lamar
The Neurobiology of Social Stress:
Modulation by Social Status, Sex,
Hormones and Development
Elliott Albers (Chair), Matthew
Cooper, Vasiliki Michopoulos, Aaron
Jasnow

January 28 – February 2, 2017 • Big Sky Resort, Big Sky, Montana
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Monday, January 30, 2017
6:30 a.m. – 8:30 a.m.

26. Panel • Gibbon

WCBR Board Meeting • Talus

Cell Intrinsic Mechanisms of Axon
Regeneration

7:30 a.m. – 9:30 a.m.

Christopher Gabel (Chair), Alexandra
Byrne, Romain Cartoni, Andrea
Tedeschi

21. Panel • Amphitheater
Dissecting Neuropeptide Circuits
in Affective Behaviors
Thomas Kash (Chair), Robert Messing
(Co-Chair), Matthew Pomrenze, Kyle
Parker, Lara Hwa, Rita Valentino
22. Panel • Canyon
Changing Your Mind: From
Dynamic to Enduring
Modifications in Synaptic
Plasticity
Michael Stefanik (Chair), Sade
Spencer, Thomas Younts, Henrietta
Szutorisz
23. Panel • Cheyenne
Sex and Ligand-Specific
Mechanisms of Cannabinoid
Signaling
Daniel Morgan (Chair), Rebecca Craft,
Debra Kendall, Josee Guindon, Angela
Redmond
24. Panel • Dunraven/Obsidian
Cellular and Molecular
Mechanisms of Synapse
Development and Plasticity
Jean-Claude Beique (Chair), Andres
Barria, Shernaz Bamji, Kurt Haas
25. Panel • Gallatin
Peripheral and Central
Inflammatory Risk Factors for
Psychiatric Illness

27. Panel • Lake
Ski Buddies: Complimentary
Computational and Experimental
Approaches for Understanding
Sign- and Goal-Tracking Trait
Differences
Donna Calu (Chair), Mehdi
Khamassi, Matthew Roesch, Alex
Kawa, Michael Saddoris
28. Panel • Lamar
Experience For and Through the
Ages
Patrick Kanold (Chair), Stephen
Lomber, Hey-Kyoung Lee, Alfredo
Kirkwood

3:30 p.m. – 4:30 p.m.
Exhibits & Poster Session 2 • Jefferson/
Madison

4:30 p.m. – 6:30 p.m.
29. Panel • Amphitheater
Oxytocin Promotes Resilience
to Substance Use Disorder
Vulnerability
Jacqueline McGinty (Chair), Jill
Becker, Casey O’Neill, Courtney King,
Mary Lee

Mark Geyer (Chair), Victoria
Risbrough, Sophie Erhardt, Susan
Powell, Margarita Behrens
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30. Panel • Canyon
The Neuropsychiatric Impact of
HIV
Barbara Slusher (Chair), Michael
Nedelcovych (Co-Chair), Norman
Haughey, Svetlana Semenova, Charlene
Gamaldo
31. Panel • Cheyenne
Cannabinoid Regulation of
Cognition, Stress and Feeding
Behavior: From Synapse to
Behavior
Catharine Winstanley (Chair),
Matthew Hill (Co-Chair), Jeffrey
Tasker, Benjamin Lau
32. Panel • Dunraven/Obsidian
The Neuroimmunology of
Deleterious Opioid Actions
Daniela Salvemini (Chair), Peter
Grace (Co-Chair), Anne Murphy,
Todd Vanderah
33. Panel • Gallatin
Interneuron Dysfunction as the
Basis for Systems Dysfunction in
Psychiatric Disorders
Anthony Grace (Chair), Christoph
Kellendonk, Daniel Lodge, Patricio
O’Donnell
34. Panel • Gibbon
Translational Research in Mild
Traumatic Brain Injury: An
Interdisciplinary Approach
Alessander Santos (Chair), Thomas
Rau, Sarjubhai Patel, Alan Pearce
35. Panel • Lake
Modulation of NMDA Receptor
Signaling: from StructureFunction to Physiology

36. Panel • Lamar
Staying Off the Powder: Insights
into the Neural Mechanisms of
Relapse
Lauren Burgeno (Chair), Stephen
Mahler (Co-Chair), Daniel Christian,
Rita Goldstein

6:30 p.m. – 7:00 p.m.
Refreshment Break • Upper Atrium

7:00 p.m. – 8:30 p.m.
Brain Talk Town Meeting • Talus
The Neuroscience of a Good
Night’s Sleep
Matt Carter

7:00 p.m. – 8:30 p.m.
37. Panel • Amphitheater
New Insights on the Heterogeneity
of Dopamine D2 Receptors and
Their Role in Motivated Behavior
Julia Lemos (Chair), Lex Kravitz
(Co-Chair), Emiliana Borrelli,
Christoph Kellendonk
38. Panel • Canyon
Skiing and Snowboarding
Acquired Traumatic Brain/Spinal
Cord Injury
Thomas Swanson (Chair), Nigel Greig,
James Fawcett, Bruce Ransom
39. Panel • Cheyenne
Corticolimbic and Hypothalamic
Brain Neurocircuits: Role in Binge
Drinking of Alcohol
Sarah Leibowitz (Chair), Todd Thiele,
Jessica Barson, Angela Ozburn

Kasper Hansen (Chair), Michael
Kavanaugh, Weinan Sun, Ulli Bayer

January 28 – February 2, 2017 • Big Sky Resort, Big Sky, Montana
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MONDAY, January 30, continued
40. Panel • Dunraven/Obsidian
Bipolar Disorder: Understanding
the Topography of Mood
Fluctuations
Thomas Hyde (Chair), Andrew Jaffe,
John Kelsoe, Peter Zandi
41. Panel • Gallatin
The Opioid Slalom: Achieving
Analgesia While Avoiding Side
Effects
James Zadina (Chair), George Wilcox,
Lakshmi Devi, Carolyn Fairbanks

43. Panel • Lake
Scientific Innovations for
Cognitive Enhancement
Aron Barbey (Chair), Arthur Kramer,
Charles Hillman, C. Shawn Green
44. Panel • Lamar
Ion Channel-Mediated
Pathologies in the CNS: Can We
Do Something about Them?
Elias Aizenman (Chair), Lynn
Raymond, Stephen Traynelis, Thanos
Tzounopoulos

42. Panel • Gibbon
Information Integration: Novel
Roles for the Lateral Habenula in
Behavioral Control
Carl Lupica (Chair), Phillip Baker, Bo
Li, Thomas Jhou

Tuesday, January 31, 2017
7:30 a.m. – 9:30 a.m.
45. Panel • Amphitheater
The Opioid Epidemic: Moguls,
Models and Molecules
Amy Newman (Chair), Scott Edwards,
Jose Moron-Concepcion, Stephanie
Carmack
46. Panel • Canyon
Opposing Mechanisms and
Treatment Consequences in
the Neurobiology of Psychosis:
Schizophrenia and Alzheimer
Disease
Robert Sweet (Chair), Zachary Wills,
Matthew MacDonald, Jeremy Koppel
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47. Panel • Cheyenne
Neural Mechanisms Underlying
How Environmental Factors Drive
Food Intake
Stephanie Borgland (Chair), Thomas
Kash (Co-Chair), James Hardaway,
Gorica Petrovich, Alain Dagher
48. Panel • Dunraven/Obsidian
Coerulean Fire Part II: What
Lies Beyond Noradrenergic
Enhancement of Sensory Signal
Processing Within the Realm of
Behavioral Outcomes
Barry Waterhouse (Chair), Rachel
Navarra (Co-Chair), Elena Vazey,
Christiane Linster, Robert Froemke
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49. Panel • Gallatin
What’s in a Dopamine Signal?
Cracking the Computational Code
Paul Phillips (Chair), William Stauffer,
Joshua Berke, Benedicte Babayan
50. Panel • Gibbon
Human Laboratory and Clinical
Advances in Sleep and Substance
Use
Peter Morgan (Chair), Michael Irwin,
Patrick Skosnik, Kimberly Babson
51. Panel • Lake
Visualizing and Manipulating the
Molecular Organization of the
Postsynapse
Matthew Kennedy (Chair), Donald
Arnold, Mark Dell’Acqua, Jason
Shepherd (Co-Chair)
52. Panel • Lamar
The Realities of Serious Mental
Illness
David Pickar (Chair), Steven Potkin,
Amanda Law, John Kelsoe, Anil
Malhotra

9:45 a.m. – 10:45 a.m.
Tuesday Pioneer Panel Session 1: Jill
Becker • Cheyenne
53. Sex Differences in the Brain: From
Novelty to Fundamental Principle
of Neural Organization
Pioneer: Jill Becker; Junior
Investigators: Colleen Hanlon, Josee
Guindon

10:45 a.m. – 11:45 a.m.
Tuesday Pioneer Panel Session 2:
Charles O’Brien • Cheyenne
54. A Totally New Approach to the
Treatment of Alcoholism
Pioneer: Charles O’Brien; Junior
Investigators: Daniel Roche, Aric
Madayag

3:30 p.m. – 4:30 p.m.
Exhibits & Poster Session 3 • Jefferson/
Madison

4:30 p.m. – 6:30 p.m.
55. Panel • Amphitheater
Synaptic Architecture of the
Lateral Habenula: Involvement
in Motivation, Depression, and
Addiction
Marisela Morales (Chair), David Root
(Co- Chair), Steven Shabel, Manuel
Mameli, Elyssa Margolis
56. Panel • Canyon
Applying Chemogenetics
(DREADDs) to Study Cognition
in Non-Human Primates With an
Eye to Clinical Application
Barry Richmond (Chair), Mark
Eldridge (Co-Chair), Brittany Aguilar,
Verginia Cuzon Carlson, Peter
Rudebeck
57. Panel • Cheyenne
Epigenetics of Psychiatric
Disorders
James Knowles (Chair), Chunyu Liu,
Dan Geschwind, Cathy Barr

January 28 – February 2, 2017 • Big Sky Resort, Big Sky, Montana
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Tuesday, January 31, continued
58. Panel • Dunraven/Obsidian
How Genetics and Understanding
of Disease Pathways are
Translating to New Potential
Therapies for Parkinson’s Disease
Warren Hirst (Chair), Andy Singleton,
Anurag Tandon, Peter LeWitt
59. Panel • Gallatin
Neurobehavioral, Neuroimmune
and Neuroendocrine Mechanisms
of Ethanol Dependence
Fulton Crews (Chair), Gunter
Schumann, Friedbert Weiss, A. Leslie
Morrow
60. Panel • Gibbon
Brain Plasticity: The Little Things
That Matter
Anna Klintsova (Chair), Brenda
Anderson, Henriette van Praag, Kristen
Harris
61. Panel • Lake
Short Course: CRISPR From
Mouse to Monkey
Iris Lindberg (Chair), Amanda Fakira,
Peter Hamilton, Stanley McKnight
62. Panel • Lamar
Navigating the Moguls of
Prefrontal Cortex Development:
Plasticity and Vulnerability in
Adolescence
Kuei Tseng (Chair), Joshua Gulley,
Heather Brenhouse, Laurence
Coutellier

6:30 p.m. – 7:00 p.m.

7:00 p.m. – 8:30 p.m.
63. Panel • Amphitheater
The Contribution of Positive and
Negative Reinforcement to the
Neurobiology of Cocaine and
Alcohol Abuse
David Barker (Chair), Erin Calipari,
Emily Lowery-Gionta, Elizabeth
Glover
64. Panel • Canyon
Controversies in Epilepsy: Why
We Are Failing to Identify New
Treatments
Thomas Swanson (Chair), Jacci
Bainbridge, Francis Dudek,
Christopher Ransom
65. Panel • Cheyenne
Opioid Receptor Modulation of
Neural Circuits
Erica Levitt (Chair), Matthew
Banghart, Philip Fox, William
Birdsong
66. Panel • Dunraven/Obsidian
Cellular and Molecular Basis of
Peripheral Nociception: Novel
Insights
Frank Rice (Chair), Philippe Séguéla,
Sarah Ross, Jose Moron-Concepcion
67. Panel • Gallatin
Neuroimmune Modulation in
Addiction: Preclinical and Clinical
Findings
Lara Ray (Chair), Ryan Bachtell, Steve
Shoptaw

Refreshment Break • Upper Atrium

28

50th Annual Winter Conference on Brain Research

68. Panel • Gibbon

70. Panel • Lamar

Novel Approaches to
Understanding and Correcting
Excitability Defects in Fragile X
Syndrome

Picking up the Pieces After a “Yard
Sale:” Diagnosing and Monitoring
the Effects of Sports-Related Brain
Injury

Vitaly Klyachko (Chair), Leonard
Kaczmarek, Gary Bassell, Anis
Contractor

David Devilbiss (Chair), Keisuke
Kawata, Louis De Beaumont, Semyon
Slobounov

69. Panel • Lake
On the Outside Looking in:
Extracellular Regulation of
Neuronal Development and
Plasticity
Elizabeth Quinlan (Chair), Serena
Dudek, Andres Buonanno, Alfredo
Kirkwood

Save the Date!
Winter Conference
on Brain Research
January 14-19, 2018
Whistler, B.C.
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Wednesday, February 1, 2017
7:30 a.m. – 9:30 a.m.
71. Panel • Amphitheater
Modulation of Opioid System
After Alcohol Consumption and
Development of Alcohol Abuse/
Dependence
Aya Matsui (Chair), Brendan Walker,
Brady Atwood, Hitoshi Morikawa
72. Panel • Canyon
Understanding Mechanisms
Underlying Neurodegenerative
Disease: Implications for
Therapies
Joanne Nash (Chair), Stephen
Ferguson, David Park
73. Panel • Cheyenne
Novel Roles for Insulin in
Motivation and Cognition
Carrie Ferrario (Chair), Margaret
Rice, Stephanie Borgland, Stephanie
Kullmann
74. Panel • Dunraven/Obsidian
Neuroimmune Basis of Sickness
Behavior-Related Disorders
James O’Callaghan (Chair), Eric
Wohleb, Lindsay Michalovicz, Cobi
Heijnen, John Bowyer
75. Ann Kelley Memorial Panel •
Gallatin
Goal-Directed Actions and Habits:
New Perspectives and Models

76. Panel • Gibbon
No Bed of Roses: Unmasking Bed
Nuclei of the Stria Terminalis
(BST) Mechanisms Underlying
Behavioral Coordination
Jason Radley (Chair), Sayamwong
Hammack, Donald Rainnie, Linda
Rinaman
77. Panel • Lake
Glial Roles in Epilepsy and
Epileptogenesis
John Huguenard (Chair), Karen
Wilcox, Chris Dulla, Daniela Kaufer,
Mark Beenhakker
78. Panel • Lamar
Cholinergic Transmission and
Regulation in the CNS
Christopher Ford (Chair), Aphroditi
Mamaligas, Stephen Rayport,
Bernardo Sabatini

10:30 a.m. – 2:00 p.m.
Smitty Stevens Ski Race • Chet’s Knob

12:00 p.m. – 2:30 p.m.
Mountain Lunch • Huntley Lodge

3:30 p.m. – 4:30 p.m.
Exhibits & Poster Session 4 • Jefferson/
Madison

Jacqueline Barker, Mary Torregrossa
(Chair), Kyle Smith, Rutsuko Ito
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4:30 p.m. – 6:30 p.m.
79. Panel • Amphitheater
Cannabinoid/Opioid
Interactions: Analgesia and Abuse
Liability
Adrianne Wilson-Poe (Chair), Andrea
Hohmann, Aron Lichtman, Charles
France
80. Panel • Canyon
Focused Ultrasound for the
Treatment of Brain Diseases:
Technology, Preclinical
Evaluation, and Clinical Trials
Isabelle Aubert (Chair), Kullervo
Hynynen, JoAnne McLaurin, Nir
Lipsman
81. Panel • Cheyenne
50 Years of Buprenorphine: A
Short Look Back and a Long Look
to the Future
Sandra Comer (Chair), Phil Skolnick
(Co-Chair), Sharon Walsh, Walter
Ling, Elliot Ehrich
82. Panel • Dunraven/Obsidian
From the Gut to the Brain:
Orchestration of HigherOrder Cognitive Function by
Gastrointestinal Signals

84. Panel • Gibbon
Why do Mitochondria Wipeout in
Parkinson’s Disease?
Wolfdieter Springer (Chair), Dennis
Dickson (Co-Chair), Ted Dawson,
Richard Youle
85. Panel • Lake
Precision Medicine: Beyond OneSize-Fits-All in Neuropsychiatric
Disorders – A Short Educational
Course
Steven Potkin (Chair), Jim Kennedy, C.
Anthony Altar
86. Panel • Lamar
Cortico-Hippocampal
Interactions Supporting Cognition
and Behavior
Andrew Maurer (Chair), Matthijs van
der Meer (Co-Chair), Amy Griffin,
Shantanu Jadhav, Ehren Newman

6:30 p.m. – 7:30 p.m.
Business Meeting • Gallatin

7:30 p.m. – 9:30 p.m.
Special Poster Session & Reception •
Jefferson/Madison

Scott Kanoski (Chair), Carrie Ferrario
(Co-Chair), Claudia Grillo, Karolina
Skibicka
83. Panel • Gallatin
New Insights into the Regulation
of Neurotransmitter Receptors
Roger Nicoll (Chair), David Bredt,
Andres Maricq, Katherine Roche

January 28 – February 2, 2017 • Big Sky Resort, Big Sky, Montana
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Thursday, February 2, 2017
6:30 a.m. – 8:30 a.m.
WCBR Board Meeting • Talus

7:30 a.m. – 9:30 a.m.
87. Panel • Amphitheater
Ion Channels, Receptors and Cell
Structure that Define Dopamine
Neurons
John Williams (Chair), Rebekah
Evans, Stephanie Gantz, Nora McCall,
Brooks Robinson
88. Panel • Canyon
Psychiatry Meets Neurology via
Vascular Biology: Merging Stress
with Vascular Triggers, Responses,
and Outcomes
Miles Herkenham (Chair), Paul Marvar,
Gretchen Neigh, Gregory del Zoppo
89. Panel • Cheyenne
Epigenetic Regulation of
Motivated Behaviors
Zuoxin Wang (Chair), Mohamed
Kabbaj (Co-Chair), Jian Feng,
Courtney Miller, Marcelo Wood,
Xin-Yun Lu
90. Panel • Dunraven/Obsidian
The Dopamine D2 Receptor: From
Slice to Behavior
Kim Neve (Chair), Christopher
Ford, David Sibley, Daniela Radl,
Anandakumar Shunmugavel
91. Panel • Gallatin
Replication, Reproducibility,
Rigor and Robustness: How and
Why This Affects You
Kathie Olsen (Chair), Thomas Parks,
Oswald Steward, Katja Brose, James
(Jim) Olds
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92. Panel • Gibbon
Molecular Mechanisms of the
Transition From Acute to Chronic
Pain
Juan Carlos Marvizon (Chair), Sarah
Woller, George Wilcox, Helene Beaudry
93. Panel • Lake
Novel Approaches to Identifying
Monoamine Circuits in Aggression
Katherine Nautiyal (Chair), Larry
Zweifel (Co-Chair), Mark Ansorge,
Tedi Asher
94. Panel • Lamar
Targeting cAMP Dysregulation in
Fragile-X: From Model Organisms
to Patients
Mark Gurney (Chair), Sean McBride,
Francois Bolduc, David Nelson

9:45 a.m. – 10:45 a.m.
95. Thursday Pioneer Panel Session 1:
Miles Herkenham • Cheyenne
Immune and Other Alt-Synaptic
Signaling Mechanisms
Pioneer: Miles Herkenham; Junior
Investigators: Constance Harrell,
Stephanie Gantz

10:45 a.m. – 11:45 a.m.
96. Thursday Pioneer Panel Session 2:
Roger Nicoll • Cheyenne
Long-Term Potentiation: What is
Downstream of NMDA Receptor
Activation?
Pioneer: Roger Nicoll; Junior
Investigators: Dayton Goodell, Feng Yi
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11:45 a.m. – 12:45 p.m.
97. Thursday Pioneer Panel Session 3:
R. Suzanne Zukin • Cheyenne
Epigenetic Remodeling of
Synaptic NMDA Receptors in
Brain Development
Pioneer: R. Suzanne Zukin; Junior
Investigators: Sarine Janetsian-Fritz,
Kristina Valentinova

3:00 p.m. – 4:15 p.m.
Special Issue Workshop • Cheyenne
98. Can We Really Repair the Brain?
Herbert Geller (Chair), James Fawcett
(Co-Chair), Joel Levine, Edward Hall

4:15 p.m. – 4:30 p.m.
Refreshment Break • Upper Atrium

4:30 p.m. – 6:30 p.m.
99. Panel • Amphitheater
Excessive Protein Translation in
Fragile X Syndrome
R. Suzanne Zukin (Chair), Gary
Bassell, Oswald Steward, Elizabeth
Jonas
100. Panel • Canyon
Prefrontal Cortex: Inhibitory
Control, Reward, and Associated
Memories
Lique Coolen (Chair), T. Celeste
Napier, Lindsey Kuiper, Brandon
Warren, Valerie Voon
101. Panel • Cheyenne
Epigenetic Slopes to Alcohol and
Drug Addiction
A. Leslie Morrow (Chair), Subhash
Pandey, John Bohnsack, R. Dayne
Mayfield, Kornel Schuebel

102. Panel • Dunraven/Obsidian
Traumatic Brain Injury-Induced
Inflammatory, Biochemical and
E-I Imbalances Contribute to a
Complex Pathology Underlying a
Significant Unmet Clinical Need
Akiva Cohen (Chair), Edward Hall,
Susanna Rosi, Cesar Borlongan
103. Panel • Gallatin
Anatomical and Functional
Specialization of Dopamine
Signals and Their Dysregulation
in Psychiatric Disease
Ingo Willuhn (Chair), Erin Calipari
(Co-Chair), Larry Zweifel, Arif
Hamid
104. Panel • Gibbon
Neuromodulator Signaling and
Neuron-Glial Interactions
Lindsay De Biase (Chair), David
Stellwagen (Co-Chair), David
Engblom, Martin Paukert
105. Panel • Lake
Seeking the BST Within: CrossSpecies Exploration of the Bed
Nucleus of the Stria Terminalis
Thomas Kash (Chair), Jennifer
Blackford, Andrew Fox, Michael
Bruchas, Moriel Zelikowsky
106. Panel • Lamar
PDEs Guide You Downhill via the
Direct or Indirect Route
Arjan Blokland (Chair), Anthony
West, Susana Neves-Zaph, Lawrence
Wennogle, Jos Prickaerts

6:30 p.m. – 7:30 P.m.
Closing Reception • Huntley Dining
Room

7:30 p.m. – 12:00 a.m.
Awards Banquet & Dance • Missouri
Ballroom
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Poster Session 1
Sunday, January 29, 2017 • Jefferson/Madison

Posters will be available for viewing 3:30 p.m. – 7:00 p.m. on Sunday. Presenters
will be at their posters from 3:30 p.m. – 4:30 p.m. Posters may be set up after
12:00 p.m. on Sunday and must be removed by 8:30 p.m. on Sunday.
S1.

Exposure to Ethanol or
Nicotine during Adolescence
Enhances the Neurochemical
Response to Nicotine within
the Mesolimbic Dopamine
System in Adulthood

S7.

Amanda Fakira
S9.

Zachary Rodd
S2.

Sex Differences in the Selection
between Psychostimulant and
Food Reinforcement in Rats
Tod Kippin

S3.

Disentangling Impulsivity
Mechanisms in the Imagen
Dataset Using Machine
Learning
Theta Burst Stimulation to
the Ventromedial Prefrontal
Cortex in Cocaine Users:
Translating Preclinical to
Clinical Research
Nicotine Promotes Pavlovian
Conditioned Approach
Similarly in Female and Male
Rats
Individual Differences in
Appetitive-Aversive Taste
Conflict
Donna Calu

Chemogenetic Activation
of Fronto-Striatal Circuitry
Accelerates Reversal Learning
in a Sign-Tracking Task
Jeffrey Stott

S12.

Aric Madayag
S6.

Correlations Between GrayWhite Matter Blurring in
Prefrontal Lobe Regions and
Cognitive Set-Shifting in
Healthy Adults
Carl Kim

S11.

Colleen Hanlon
S5.

From Anxious to Reckless:
An Information-Theoretic
Control Systems Approach to
Prefrontal-Limbic Regulation
across the Spectrum of Threat
Detection
Lilianne Mujica-Parodi

S10.

Dan Scott
S4.

The Role of the Deorphanized
Receptor, GPR83, in Stress and
Reward

Local Control of Dopamine
Release May Produce RewardPrediction Rather Than
Reward-Prediction-Error
Signals
Arif Hamid

S13.

Development of a Virtual
Reality Paradigm for in vivo
Hippocampal Imaging During
Morphine Conditioned Place
Preference
Sidney Williams
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S14.

Glutamatergic and GABAergic
Projections From the Lateral
Preoptic Area to the Lateral
Habenula Differentially Drive
Motivated Behavior

S23.

David Barker
S15.

Usage of Brain Training
Application Among Healthy
Subjects

Meghan Donovan
S24.

Shahid Bashir
S16.

Caffeine and Cannabis Effects
on Vital Neurotransmitters and
Enzymes in the Brain Tissue of
Juvenile Experimental Rats
Changes in Neuromuscular
Function with Aging and
Myostatin Deletion

S25.

Organization of Myelin
Paranodes Requires
Oligodendroglial Expression of
the Netrin-1 Receptor UNC5B

S26.

Knockout of Park2 Gene
Alters Dopamine and
Phenylethylamine Signaling in
the Rat Striatum: The Insight
into the Role of E3 Ligase
Parkin in Neuroprotection

S27.

Cerebral Gene Transfer
of Butyrylcholinesterase
Prevents and Reverses Amyloid
Plaques in Mice With Human
Alzheimer’s Genes
Yang Gao

Acute Flaccid PoliomyelitisLike Paralysis due to
Enterovirus D68, in an Adult in
the UK
Sybil Stacpoole

S28.

Anna Moszczynska
S20.

Icy Hot: Differential Effects
of Temperature on Drug
Action, Circuit Activity and
Neuroprotection
David Naylor

Timothy Kennedy
S19.

Increased Ethanol Intake and
Progressive Reductions in
Striatal Cannabinoid Receptor
1 Protein Levels Following
Mild Traumatic Brain Injury
Alana Conti

Sonsoles de Lacalle
S18.

Discovery of Physiological Role
for “Pseudocholinesterase” in
Brain
William Brimijoin

Joshua Owolabi
S17.

Partner Support During
Stress Reduces AnxietyLike Behaviors: Brain
Neurochemical Analysis in
Male and Female Prairie Voles

6-Diazo-5-Oxo-L-Norleucine
(DON) Prodrugs with
Enhanced Brain Delivery
as Potential Treatment for
Glioblastoma
Jesse Alt

S30.

Brain Tissue Donations are
Critical for Brain Studies
Jonathan Sirovatka

S31.

Circadian and Homeostatic
Regulation of Fatigue in Ships’
Pilots
Diane Boivin
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S32.

Morphine in the Right
Central Nucleus of the
Amygdala Modulates the
Affective Aspects of Pain
Without Influencing Evoked
Hypersensitivity

S36.

Edita Navratilova
S34.

Maternal Deprivation Induces
Alterations in Cognitive and
Cortical Function in Adulthood
Sarine Janetsian-Fritz

S35.

Effect of Loss of Consciousness
on Stimulus Representation in
Sensory Neocortex

A Novel Approach to Detect
Synaptic Coupling Suggests
That GABAergic Innervation
of POMC Neurons Originates
Predominately from NonAgRP Sources
Andrew Rau

S37.

Neurotensin-Induced Plasticity
Temporally Modulates
GABAergic Input to Midbrain
Dopamine Neurons
Chris Tschumi

Matthew Banks
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Poster Session 2
Monday, January 30, 2017 • Jefferson/Madison

Posters will be available for viewing 3:30 p.m. – 7:00 p.m. on Monday.
Presenters will be at their posters from 3:30 p.m. – 4:30 p.m. Posters may be set
up after 8:00 a.m. on Monday and must be removed by 8:30 p.m. on Monday.
M1.

Effect of Synaptic Input
Synchrony on the Dopamine
Neuron Firing Dynamics

M7.

Ekaterina Morozova
M2.

Brain Region Differences in
the IL-1beta Modulation of
GABAergic Transmission
Following Chronic Ethanol
Treatment

Claire Wilcox
M8.

Michal Bajo
M3.

Thalamic Mast Cell Activity
Promotes Sign-Tracking
Behavior in Rats
Jonathan Morrow

M4.

Cue-Induced Craving Predicts
Subjective Response to
Methamphetamine: Evidence
for Sign Tracking in Humans?
Daniel Roche

M5.

Novel and Highly Selective
Dopamine D3 Receptor
Antagonists and Partial
Agonists That Attenuate THC
Self-Administration and
Reinstatement to Drug Seeking
Alexandra Gadiano

M6.

Intra-Accumbal Administration
of Zeta Inhibitory Peptide
(ZIP) Blocks Cocaine
Reinstatement and Restores
Accumbal LTD
Lisa Briand

Prazosin Decreases
Ventromedial Prefrontal
Cortex Response to
Conditioned Threat Stimulus
in Alcohol Use Disorder
Virtual Reality Tool to Assess
Cue Reactivity Component of
Addiction
Bradley Tanner

M9.

NDGA: Potential
Pharmacotherapeutic for
the Depression Targeting
Kynurenine Pathway in
Olfactory Bulbectomised Mice
Yashika Bansal

M10. The Effects of Chemogenetic
Manipulation of Prelimbic
Projections to the
Paraventricular Nucleus of
the Thalamus on Locomotor
Activity and Neuronal
Engagement of CorticostriatalLimbic Systems in the Rat
Sofia Lopez
M11. Genetic Dissection of
Cerebellar Circuitry in Spatial
Navigation, Timing and
Working Memory
Erik Carlson
M12. A Computational Model
of Adaptive Human
Information-Seeking
Andra Geana
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M13. Directionality in Distal CA1 is
Driven by Sensory Cues, While
Proximal CA1 is Influenced by
Self-Motion Differences
Zaneta Navratilova
M14. Psychogenic Non-Epileptic
Seizures: A Medical Disorder
Without a Home
Elissa Patterson
M15. Nucleus Accumbens Core
Cholinergic Interneurons
Modulate Motivated Behavior
Anne Collins
M17. Novel Therapeutics in a Mouse
Model of Angelman Syndrome
Anne Anderson
M19. A Multi-Disciplinary Approach
to the Study of Type I Chiari
Malformation
Francis Loth
M20. Modulation of Microglia
in vivo Using Antisense
Oligonucleotides
Fredrik Kamme
M21. Mitochondrial DNA
in Cerebrospinal Fluid
Distinguishes Idiopathic From
LRRK2-Related Parkinson’s
Disease
Ramon Trullas
M22. Focused Ultrasound
Modulation of the Blood Brain
Barrier in a Pre-Clinical Model
of Amyloidosis
Kelly Markham-Coultes
M23. Optogenetic Evidence
for Direct Projections
From Orexin Neurons to
Paraventricular Hypothalamic
Pre-Sympathetic Neurons

M25. Automatic Reconstruction of
Vasculature in Cleared Intact
Brain Specimens
Susan Tappan
M26. Paradoxical Neuroprotection
With a TGFβ Receptor
Antagonist in Neonatal
Hypoxic-Ischemic Brain Injury
– Age Dependent Effects
Steven Levison
M27. Periaqueductal Gray
Activity Influences Alcohol
Dependence-Related
Outcomes
Emily Lowery-Gionta
M28. Overview of the NIH ReceiptReferral-Review of Grant
Applications
Dana Plude
M29. Excitation of Midbrain
Dopamine Neurons by
the Endocannabinoid
2-Arachidonoylglycerol
Stephanie Gantz
M30. Neurochemical Profile of
Dorsal Raphe Projections
to the Rat Medial Prefrontal
Cortex
Eric Prouty
M31. Functional Connections
Between IPSC-Derived
Cardiomyocytes and Primary
Autonomic Neurons
Zhuonan Yang
M32. Evidence for Agonist-Specific
Mechanisms of Cannabinoid
Tolerance
Daniel Morgan

David Mendelowitz
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M34. Direct Actions of Dopamine
in the Subthalamic Nucleus: A
Functional Characterization
of the Nigro-Subthalamic
Pathway
Asha Lahiri
M35. Cognitive-Motor Impairment
in Patients With Type II
Diabetes
Stacey Gorniak

M37. Functional Comparison of G
Protein and Arrestin Biased D2
Receptors
Brooks Robinson
M38. A Novel Mouse Model for
Parkinson’s Disease Involving
Genetic Knock-Down of Park2
and MCL1
Elizabeth Thomas

M36. Somatostatin not Parvalbumin
Interneurons Mediate
Feedforward Inhibition in the
Basolateral Amygdala
Ethan Guthman
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Poster Session 3
Tuesday, January 31, 2017 • Jefferson/Madison

Posters will be available for viewing 3:30 p.m. – 7:00 p.m. on Tuesday.
Presenters will be at their posters from 3:30 p.m. – 4:30 p.m. Posters may be set
up after 8:00 a.m. on Tuesday and must be removed by 8:30 p.m. on Tuesday.
T1.

Engineering CRISPR/Cas9
Constructs to Model the
Epigenetic and Transcriptional
Phenomena that Underlie
Cocaine- and Stress-Related
Behaviors
Peter Hamilton

T2.

Anhedonia, Depression,
Anxiety, and Craving for
Opiates in Opiate Dependent
Patients Stabilized on Oral
Naltrexone or an Extended
Release Naltrexone Implant
George Woody

T3.

Cue-Value Encoding in Distinct
BLA Projections During
Appetitive Conditioning in
Sign- and Goal-Tracking Rats
Ellen Lesser

T4.

Disconnection of Basolateral
Amygdala-Insular Cortex
Interferes With Both GoalTracking and Sign-Tracking
Danielle Lafferty

T6.

T7.

Effect of Cocaine SelfAdministration Pattern on
Reinstatement, Sensitization,
and Striatal Activity

Repetitive Brain Stimulation
Induces Long-Term Plasticity
Across Patient Populations and
Spatial Scales
Corey Keller

T9.

Exome and Whole Genome
Sequencing in Domestic
Animal Models Exhibiting
Individual Differences in
Aggression
Carlos Driscoll

T10. Brain Delivery of the
Glutamine Antagonist
6-Diazo-5-Oxo-L-Norleucine
(DON) via Prodrug
Approach: A Potential
Treatment for Cognitive
Impairment Associated with
Neuroinflammation
Arena Manning
T11. A Cholinergic Feedback
Mechanism to Modulate
Dopaminergic Learning within
the Striatum in Response to
Striatal Population Uncertainty
Nicholas Franklin

Aaron Garcia

T12. Chronic Stress Alters Fear
Behavior in a NeuromodulatorDependent Manner

Incentive Sensitization as
a Function of Increasing
Experience With SelfAdministered Cocaine Using an
‘Intermittent Access’ Procedure

T13. Development of a Touchscreen
Cognitive Test to Assess
Relational Memory in Mouse
Models

Alex Kawa
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T8.

May Hui

Rebecca Norris
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T14. Noradrenergic Stabilization
of Olfactory Learning in the
Olfactory Bulb
Christiane Linster
T15. Communication Between
the Orbitofrontal Cortex and
Hippocampus Contributes
to Dynamic Inter-Temporal
Choice
Jack-Morgan Mizell
T16. Titi Monkeys as a Translational
Non-Human Primate Model
for the Neurobiology of Social
Bonds
Karen Bales
T17. Simiate and the Focal Adhesion
Kinase FAK1 Function in
Neuronal Arborisation and
Aging
Regina Dahlhaus
T18. Formation of Axonal Filopodia
in Developing Neurons is
Influenced by SynaptotagminAssociated Exocytosis
Karen Greif
T22. Ghrelin Promotes Food Odour
Conditioning
Alain Dagher
T24. Amylin: A Novel Neurotrophic
Hormone Regulating Brain
Energy Homeostasis Pathways
Barry Levin
T25. In Vitro Applications of a
Primary Brainstem Culture
System from Adult Zebrafish
Andrea Solano

T26. Analysis of Putative Stem
and Neural Progenitor Cell
Populations Following
Traumatic Brain Injury in
Adult Zebrafish
Michael Fernando
T27. Assessment of High Velocity
Head Impacts Using
Transcranial Magnetic
Stimulation in Australian
National Ice Hockey Players: A
Multiple Case Study
Alan Pearce
T28. Visualizing Reward Circuitry
and CNS Weight Management
Pathways
Bradley Tanner
T29. Using Resilience to Predict
Patient Outcomes in a
Psychiatric Population
Genevra Myers
T31. Evaluation of GluN2ASelective Negative Allosteric
Modulators as Pharmacological
Tools
Feng Yi
T32. Sex and Agonist-Specific
Mechanisms of Cannabinoid
Tolerance in a ChemotherapyInduced Pain Model
Josee Guindon
T33. Neural and Behavioral Changes
in Coping with Acute Pain after
Cognitive Behavioral Therapy:
A Randomized Controlled Trial
Antoni Kubicki
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T34. Prenatal Inflammation as
a Translational Model for
Developmental Disorders: A
Behavioral and Resting State
MRI Study of Interlukein-6
Exposed Rat Offspring
Brian Mills

T35. Transient Auditory Nerve
Demyelination, a New
Mechanism for Hidden
Hearing Loss
Gabriel Corfas
T36. DAPK1 Mediates LTD by
Making CaMKII Binding to
GluN2B LTP-Specific
Dayton Goodell
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Poster Session 4
Wednesday, February 1, 2017 • Jefferson/Madison

This is a special session displaying the highest-ranked posters by young
investigators. A grand prize and several other prizes will be presented to the best
posters. Presenters will be at their posters from 3:30 p.m. – 4:30 p.m. and return
for the special session from 7:30 p.m. – 9:30 p.m. Posters must be removed by
10:00 p.m. on Wednesday.
W1.

Corticostriatal Projection and
Cell-Type Specific Control
Underlying DependenceInduced Habits

W7.

Christina Gremel
W2.

Paternal Cocaine Exposure
Elicits Epigenetic Remodeling
and Memory Deficits in Male
Progeny

Maxym Myroshnychenko
W8.

Mathieu Wimmer
W3.

Identifying Markers to
Individualize Deep Brain
Stimulation Targeting in a
Rodent Model of Binge Eating
Wilder Doucette

W4.

Noradrenergic Adaptation in
the Morphine Dependent Brain
Brennon Luster

W5.

Deficits in Cognitive Flexibility
During Nicotine Withdrawal
and Underlying Mechanisms
Robert Cole

W6.

Effects of Perineuronal
Net Reduction Within
the Medial Prefrontal
Cortex on Acquisition of
Cocaine Preference and
Electrophysiology in the
Nucleus Accumbens

Temporal Dynamics of
Hippocampal/Medial
Prefrontal Cortex Interactions
During the Delay Period of a
Spatial Working Memory Task
Role of Mesocortical
Dopamine in Aversion and
Punishment-Resistant Alcohol
Drinking
Cody Siciliano

W9.

Divergent Drug-Cue Elicited
Dopamine Signals Regulate
Drug-Taking and Drug-Seeking
Lauren Burgeno

W10. Targeted Acetylation of
the GABRA1 Promoter
Using a Novel CRISPRDCas9 Strategy Reveals
Epigenetic Mechanisms of
Ethanol-Induced Changes in
GABA(A)-R Expression
John Bohnsack
W11. Decreased Plasma Kynurenic
Acid in Bipolar Patients Who
Have Committed Suicidal
Attempts
Lilly Schwieler

John Harkness
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W12. Divergent Morphological
Effects of Repeated Social
Stress on Rat Prefrontal
Cortical Pyramidal Neurons in
Adolescent Compared to Adult
Rats
Kimberly Urban
W13. Subjective Value Encoding
During Cognitive Effort-Based
Decision-Making
John Westbrook
W14. Expectations about the
Source of Surprise Dictate
the Relationship Between
Feedback-Related EEG Signals
and Learning
Matthew Nassar
W15. Evidence for “Bulk Flow”
Neurohumoral Transmission
by the Orexigenic
Neuropeptide, MelaninConcentrating Hormone
Emily Noble
W16. Are Psychostimulant-Induced
Alterations of Local Field
Potentials Within Primary
Visual Circuits Related to
Signal Detection Performance?
Rachel Navarra
W17. Central Amygdala Nociceptin
Neurons Mediate Palatable
Food Consumption and
Reward
James Hardaway
W18. Corticotropin-Releasing
Factor (CRF) Neurons in
the Prefrontal Cortex (PFC)
Impair Working Memory and
PFC Neuronal Coding
Sofiya Hupalo

W19. Early Adolescent Disruptions
of NMDA or CB1 Receptor
Signaling Elicit Similar
GABAergic Deficits in
the Prefrontal Cortex and
its Control of Trace Fear
Extinction Behavior in
Adulthood
Daniel Thomases
W20. IV Injection of Novel
Brain-Penetrating AAV
Vector Yields High and
Durable Brain Expression of
Butyrylcholinesterase in Mice
Liyi Geng
W21. Chemogenetic Rescue of
Autonomous Subthalamic
Nucleus Activity Ameliorates
Parkinsonian Motor
Dysfunction
Eileen McIver
W22. Plasticity of CorticoSubthalamic Nucleus Inputs
in Experimental Parkinson’s
Disease
Hong-yuan Chu
W23. Butyrylcholinesterase
Regulates Central Ghrelin
Signaling and Impacts
Food Intake and Glucose
Homeostasis
Ping Chen
W24. Neuroinflammatory and
Cerebrovascular Implications
of High-Fructose Diet During
Development
Constance Harrell
W25. Blast Exposure in Mice and
Combat Veterans Promotes
Persistent Dopaminergic and
Behavioral Dysfunction
Abigail Schindler
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W26. Single Particle Tracking of the
Mu Opioid Receptor in AtT20
Cells
Reagan Pennock
W27. Decoding Brain Epigenome
Maps with Broad Histone
H3K4me3 Domains:
Discovering Functional
Epigenetic Patterns and Their
Dynamics in Gene Regulatory
Networks
Aslihan Dincer
W28. GPR52 – A Fine Tuner of
Striatal Signaling
Greg Stewart
W29. GABA-B Agonist Baclofen
Normalizes Auditory-Evoked
Neural Oscillations and some
Cognitive Deficits in the FMR1
Knockout Mouse Model of
Fragile X Syndrome
Duncan Sinclair
W30. Neuromorphic
Implementation of the Human
Spinal Cord for Finger Control

W32. Resolving Mechanisms of Habit
Efficiency in the Dorsolateral
Striatum Using Optogenetics
Adam Crego
W33. Pathway- and Cell TypeSpecific Kappa-Opioid
Receptor Modulation of
Excitatory-Inhibitory Balance
Differentially Gates D1 and
D2 Accumbens Medium Spiny
Neuron Activity
Hugo Tejeda
W34. mGluR-LTD in the Lateral
Habenula Decides the
Direction of Neuronal Output
Kristina Valentinova
W35. Disentangling Inhibitory
Control of the VTA Dopamine
System
Marta Soden
W36. Input-Specific Synaptic
Responses to Prefrontal FastSpiking Interneurons
Luke Bogart

Francisco Valero-Cuevas
W31. Haploinsufficiency of the
Brain-Derived Neurotrophic
Factor (BDNF) Gene Causes
Reduced Pain Sensitivity in
an Animal Model and Humans
With the WAGR Copy Number
Variant
Matthew Sapio
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Panel Session Abstracts
Sunday, January 29, 2017

Opening Plenary
Plenary • Sunday, 8:00 a.m. - 9:30 a.m. • Missouri Ballroom

1. Sodium Channels for Breakfast: From Atomic Structure
to Epilepsy and Medical Marijuana
Pioneer: Bill Catterall

How do voltage-gated sodium channels work? The function of the sodium
channel molecular machine in generating electrical signals will be revealed at
the atomic level through cartoons, photos, and movies. How do mutations in
sodium channels cause disease? The pathophysiology of Dravet Syndrome,
an intractable childhood epilepsy caused by sodium channel mutations, will
be described through studies of a mouse genetic model. The results show that
this disease is a sodium channel interneuronopathy. Failure of action potential
firing in inhibitory neurons causes disinhibition of neural circuits and leads
to epilepsy, cognitive deficit, and autistic-like behaviors. How does medical
marijuana improve Dravet Syndrome? Anecdotal stories suggest that the
non-psychotropic component of marijuana, cannabidiol, relieves symptoms of
Dravet Syndrome. We observe beneficial therapeutic effects of cannabidiol on
epilepsy and behavioral deficits in carefully controlled experiments with Dravet
Syndrome mice. The beneficial effects may result from inhibition of the orphan
G protein-coupled receptor, GPR55, and sodium channels.

Sunday Pioneer Panel Session 1: George Koob
Pioneer Session • Sunday, 9:45 a.m. - 10:45 a.m. • Cheyenne

2. Neurocircuitry of Negative Reinforcement in Drug
Addiction
Pioneer: George Koob
Junior Investigators: Hugo Tejeda and Sofiya Hupalo

Addiction is a chronically relapsing disorder characterized by compulsive drug
seeking that is hypothesized to derive from multiple sources of motivational
dysregulation. The construct of negative reinforcement, defined as drug taking
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that alleviates a negative emotional state that is created by drug abstinence, is
particularly relevant as a driving force in both the withdrawal/negative affect
and preoccupation/anticipation stages of the addiction cycle. In animal models,
repeated overstimulation of the reward systems with drugs of abuse results in
decreases in reward function, characterized by decreased brain stimulation
reward, and presumably reflecting negative emotional -like states. The negative
emotional states that drive such negative reinforcement are hypothesized to
derive from the dysregulation of key neurochemical circuits that drive incentivesalience/reward systems (dopamine, opioid peptides) in the ventral striatum
and from the recruitment of brain stress systems (corticotropin-releasing factor,
dynorphin) within the extended amygdala. This shift in motivation to negative
reinforcement is hypothesized to reflect an allostatic misregulation of hedonic
tone such that drug taking makes the hedonic negative emotional state worse
during the process of seeking temporary relief with compulsive drug taking.

Sunday Pioneer Panel Session 2 :
Sarah Leibowitz
Pioneer Session • Sunday, 10:45 a.m. - 11:45 a.m. • Cheyenne

3. Neural Basis of Substance Abuse: New Insights into
Developmental Origins
Pioneer: Sarah Leibowitz
Junior Investigators: Emily Noble and Michael Bajo

To understand neuroadaptations in the brain that contribute to substance
abuse, our research over the past 5 decades has investigated in rodents the
most commonly abused substances with reinforcing properties (alcohol,
nicotine and fat-rich food) and the role of diverse brain areas in controlling
their consumption and the expression of related emotional behaviors. Through
these studies, we have: 1) identified and characterized the effects of multiple
neurotransmitters and orexigenic peptides on the ingestion of these substances;
2) shown profound effects these substances, in turn, have on endogenous
expression and levels of the neurochemicals; 3) shown marked similarities
between effects of dietary fat, alcohol and nicotine on the brain; and 4) revealed
heterogeneity of substance use disorders, specific behaviors and biomarkers
that identify individuals prone to abusing these substances, and neurochemical
disturbances possibly causally related to their excessive consumption and
susceptibility to relapse. We have demonstrated that maternal consumption of
fat, alcohol or nicotine during pregnancy causes this predisposed phenotype
in adolescent offspring and suggest that it results from a stimulatory effect
of these substances on the proliferation, differentiation and migration of
the peptide neurons in the embryo and their increased density persisting
January 28 – February 2, 2017 • Big Sky Resort, Big Sky, Montana
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into adulthood. Both in vivo and in vitro studies suggest that these effects
on neuronal development are partially mediated by neuroimmune factors
stimulated by consumption of fat, alcohol or nicotine in association with lowgrade inflammation. As in rodents, our recent studies in zebrafish demonstrate
a similar stimulatory effect of maternal consumption of ethanol-gelatin on the
development of peptide neurons and on behavior of adolescent fish, laying the
foundation for our time-lapse imaging studies designed to characterize in depth
the effects of ethanol on orexigenic peptide neurons and their chemokinerelated progenitor cells in the embryo.

Special Session for Memorial Panel
Panel • Sunday, 2:45 p.m. - 4:15 p.m. • Cheyenne

4. A Larry Parsons Memorial Panel: Impact and Legacy in
the Science of Addiction
Chair: Kyle Frantz
Presenters: Laura O’Dell, Scott Hemby, Luis Natividad, George Koob

The scientific community lost an outstanding scientist this year, as
Loren H. (Larry) Parsons passed away in June. Already among the most
respected addiction researchers of our era, Parsons coupled intravenous
self-administration with neurochemical analyses in rodents to extend our
understanding of dopamine, serotonin, GABA, and endogenous opioids in
the motivational effects of drugs. But perhaps his most seminal contributions
defined endocannabinoid (eCB) signaling and its role in drug-related behavior.
This panel will present research that was influenced by Parsons. Kyle Frantz
(Georgia State Univ), former post-doc with Parsons, will chair the session and
comment briefly on his sphere of impact. Laura O’Dell (Univ Texas El Paso),
also a former post-doc, will examine serotonergic systems in stimulant abuse,
then transition to recent work on sensitivity to nicotine reward, considering
adolescents, females, and insulin-resistant rats that model diabetes. Scott
Hemby (High Point Univ), Parsons’ graduate school peer, will continue
discussion of stimulant addiction with high-throughput genomic and proteomic
techniques that identify vulnerable neuroanatomical substrates in rodents and
primates, and provide new targets for intervention. Luis Natividad (The Scripps
Research Inst), current post-doc in the Parsons Lab, will bring focus to eCBs by
exploring interactions between stress-promoting (CRF) and stress-constraining
(eCB) mechanisms in genetically-selected rodents with an anxious phenotype
and upregulated CRF1 systems in the amygdala. George Koob (NIAAA),
colleague of Parsons’ at TSRI, will close with an overview of Parsons’ studies
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showing that withdrawal-related deficiencies in eCB signaling constitute a
homeostatic breakdown, but one that may be alleviated by attenuation of 2-AG
clearance via monoacylglycerol lipase inhibitors. Together these panelists and
the audience will pay tribute to the existing impact and expected legacy of Larry
Parsons.

Sunday Late Afternoon Panel Sessions
Panel • Sunday, 4:30 p.m. - 6:30 p.m. • Amphitheater

5. The Drunken Almond: The Role of the Amygdala in the
Effects of Alcohol
Co-Chairs: Matthew Hill and Zoe McElligott
Presenters: Zoe McElligott, Ryan McLaughlin, Candice Contet, Melissa Herman

Alcohol is the most recreationally used substance in the world, and also exhibits
the highest prevalence rates of addiction of any substance. Over the past several
decades, much research has been devoted to understanding how alcohol
interacts with canonical reward circuits; however, it is becoming increasingly
appreciated that alcohol impacts a wide array of neural circuits that can impact
its use and abuse, particularly those that are integrated into networks regulating
valence detection and emotional regulation. The amygdala is a complex
structure divided into several distinct anatomical nuclei that regulates a wide
array of behaviors, but is also highly sensitive to the effects of alcohol. Using
a collection of techniques, ranging from optogenetics, molecular biology and
biochemistry, behavioral assays and electrophysiology, this panel will discuss
recent findings relating to the mechanisms by which alcohol impacts the
physiology and function of the amygdala, and in turn, the importance of the
amygdala in mediating the behavioral effects of alcohol. First, Zoe McElligott
(University of North Carolina) will discuss her recent work delineating the
role of sub-populations of neurons in the central nucleus of the amygdala
(CeA) in contributing to alcohol consumption, sensitivity and reward. Next,
Ryan McLaughlin (Washington State University) will present novel findings
regarding how chronic alcohol exposure modulates the endocannabinoid
system in the basolateral nucleus of the amygdala (BLA) in a sex-dependent
manner and how these changes relate to alterations in anxiety. Candice Contet
will present new data using chemogenetic manipulations of CRF neuronal
populations within the central amygdala to determine the role of these cells
in the affective symptoms of ethanol withdrawal. Finally, Melissa Herman
(University of North Carolina) will describe her recent findings of how chronic
alcohol exposure disrupts tonic GABAergic signaling in the CeA to change the
excitability of CRF neurons in the CeA.
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Panel • Sunday, 4:30 p.m. - 6:30 p.m. • Canyon

6. Grooming Conductance: Extracellular and Intracellular
Signals Regulating Myelination and Remyelination
Co-Chairs: Teresa Wood and Wendy Macklin
Presenters: Babette Fuss, Ben Emery, Catherine Lubetzki, Bernard Zalc

This panel will explore new studies on how neuronal activity and intrinsic
signals coordinate the processes of myelination and remyelination. The
co-chairs, Terri Wood (NJMS, Rutgers University) and Wendy Macklin (U.
Colorado School of Medicine) will open the panel with a brief overview of
the topics. Signaling via the major excitatory amino acid glutamate, released
by electrically active axons, regulates various responses of oligodendrocytes
that express glutamate-responsive transmembrane proteins including sodiumdependent glutamate transporters. Babette Fuss (Virginia Commonwealth
University) will present data on a sodium-dependent glutamate transporter
mediated signaling axis that regulates oligodendrocyte maturation and CNS
myelination. Neuronal activity also influences myelination in an adaptive
manner, allowing for strengthening or synchronization of specific connections
and circuits. Ben Emery (Oregon Health Sciences University) will discuss his
investigations into adaptive myelination using a pharmacogenetic approach
(the DREADDs) to manipulate neural activity in the postnatal mouse brain.
High-density accumulation of voltage-gated sodium channels (Nav) at nodes
of Ranvier ensures rapid saltatory conduction along myelinated axons. Proper
regulation of nodal formation is important for normal myelin formation during
development and for myelin repair during remyelination. Catherine Lubetski
(Brain and Spinal Cord Institute, ICM, Paris) will discuss recent studies on
“prenodes” that appear prior to myelination and remyelination. Novel screening
strategies and animal model systems provide new opportunities to identify
compounds and pathways that promote remyelination. Boris Zalc (Brain
and Spinal Cord Institute, ICM, Paris) will talk about using the Xenopus
laevis transgenic line, MBP-GFP-NTR, to conditionally ablate myelinating
oligodendrocytes as a medium-throughput screening platform for myelin repair
therapeutics in demyelinating diseases.
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Panel • Sunday, 4:30 p.m. - 6:30 p.m. • Cheyenne

7. Magnetic Resonance Imaging in Pre-Clinical Models
of Psychiatric Disorders: Toward Bridging Translational
Gaps and Developing Treatments
Chair: Jibran Khokhar
Presenters: Fulton Crews, Marcelo Febo, Fahmeed Hyder, Jibran Khokhar

Magnetic resonance imaging (MRI) methods have been used extensively
to study neurobiological underpinnings of psychiatric disorders in humans.
Employing MRI-based techniques in rodent models can provide a translational
avenue for assessing the validity of these models and for identifying diseaseassociated brain changes and novel targets for treatment. An important
advantage of MRI methods is the possibility of performing longitudinal
multimodal investigations (i.e., structure, function, metabolic and whole- brain
connectivity) within one animal combined with behavioral tests and genetic/
pharmacologic manipulations. This panel highlights the translational relevance
of pre-clinical MRI based investigations for research into psychiatric disorders.
Dr. Crews will present published data related to the long-term structural
changes in the brain after developmental (binge-like and intermittent)
alcohol exposure. He will also present unpublished data related to the effects
of developmental alcohol exposure on functional MRI-based resting-state
functional connectivity within the brain. Dr. Febo will present work examining
the effects of acute and chronic 3,4-methylenedioxypyrovalerone (MDPV)
exposure on brain network connectivity. These studies help uncover the
deleterious neurobiological outcomes of synthetic cathinone abuse. Dr.
Hyder will present multi-modal MR data on two novel biomarkers of early
schizophrenia in a preclinical rat model: hypofrontality associated with the
hyperflexible phenotype, and posterior hyperactivity. Because each of the
MR methods is clinically translatable, these markers could contribute to
early diagnosis and the development of novel therapies of schizophrenia.
Dr. Khokhar will present data related to how neurometabolic and functional
connectivity dysfunctions in the brain reward circuit may underlie alcohol
use in an animal model of schizophrenia, and how these dysfunctions can be
targeted for treatment development.
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Panel • Sunday, 4:30 p.m. - 6:30 p.m. • Dunraven/Obsidian

8. Structural and Functional Correlates of Diffusion
Tensor Imaging: Are We Close to Quantifying in vivo Brain
Connectivity?
Chair: Anil Malhotra
Presenters: Marek Kubicki, Eric Chang, Corey Keller, Miklos Argyelan

One of the most frequently applied noninvasive modalities in humans is
diffusion tensor imaging (DTI), but its biological interpretation in regards to
sensitivity to both structural connectivity and microstructural pathology is
still unknown. The source of this difficulty arises from the fact that relatively
few studies measure connectivity across modalities and we still do not fully
understand the biological substrates of DTI measures. The goal of this panel
is to give an overview and specific examples of current multimodal research
conducted to understand better DTI in the context of brain connectivity.
The presentations will include: cross-sectional and longitudinal DTI and its
usage in psychiatry, a combination of ex vivo DTI and two-photon imaging of
CLARITY mouse brains, a combination of human neuroimaging and TMS/
EEG, and finally a combination of neuroimaging and intracranial electrode
recordings in a human brain after callosotomy. In detail, Marek Kubicki
(Harvard Medical School) will provide a general overview of neuroimaging
measures of structural connectivity, their relationship to functional connectivity
(derived from both task and resting state fMRI), and will discuss advantages
and limitations of multimodal connectivity approaches. Eric Chang (Feinstein
Institute for Medical Research) will present his recent work investigating
the relationship between DTI measures (FA, RD, and AD) and myelination
in mouse brains that have been cleared and labeled using the CLARITY
technique. Corey Keller (Stanford University School of Medicine) will present
how simultaneous TMS-EEG can shed light on causal relationship across brain
networks. Miklos Argyelan (Zucker Hillside Hospital) will present longitudinal
neuroimaging data from a human brain before and after callosotomy. He will
correlate DTI, resting state fMRI, and intracranial electrode measures.
Panel • Sunday, 4:30 p.m. - 6:30 p.m. • Gallatin

9. Huntington’s Disease: A Search and Rescue Operation
Chair: Michael Levine
Presenters: Michelle Day, George Rebec, Joshua Plotkin, Carlos Cepeda

Huntington’s disease (HD) is a genetic, neurodegenerative disorder
characterized by motor (chorea), cognitive, and psychiatric abnormalities. The
most notable histopathological change is a massive loss of the ubiquitous striatal
spiny projection neurons (SPNs) and relative sparing of interneurons. Although
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great strides have been made in the past few years to understand disease
mechanisms, finding a cure has been particularly elusive. In this panel, we will
discuss emerging promising therapies to reverse HD symptoms. Michael S.
Levine (University of California Los Angeles) will provide an overview and
introduce the panel. Michelle Day (Northwestern University) will examine
restoration of distal dendritic excitability in indirect pathway SPNs from the
Q175 HD mouse line. This will include ROCK2 inhibition and the involvement
of Kv4 channels. The promising status of zinc-finger protein (ZFP) rescue
experiments will also be discussed. George Rebec (Indiana University) will
present evidence that pharmacological and viral vector-mediated upregulation
of striatal glutamate transporter GLT1 in transgenic HD mice improves
behavioral measures and restores normal behavior-related electrophysiological
activity (single-unit firing and local field potentials). Josh Plotkin (Stony
Brook University School of Medicine) will present data demonstrating that
corticostriatal long-term potentiation (LTP) is selectively lost in indirect
pathway SPNs in early symptomatic BACHD and Q175 mice. This is due to
impaired BDNF signaling through TrkB receptors, not diminished BDNF
production or delivery. LTP can be rescued by inhibiting pathological
signaling through p75 neurotrophin receptors, which antagonize intracellular
TrkB receptor cascades. Finally, Carlos Cepeda (University of California Los
Angeles) will discuss recent advances on the use of neural stem cells to improve
behavior and electrophysiological changes in HD mouse models.
Panel • Sunday, 4:30 p.m. - 6:30 p.m. • Gibbon

10. New Concepts of How Thalamo-Cortical Interactions
Regulate Complex Behaviors
Chair: Christoph Kellendonk
Presenters: Scott Bolkan, Michael Halassa, Yuri Saalmann, Laura Lewis

Thalamo-cortical interactions are known to be important for higher order
cognition and sleep regulation. However, many of the underlying principles of
those interactions are unknown. This symposium will present new concepts
of how thalamo-cortical interactions regulate complex behaviors. Christoph
Kellendonk will introduce the topic and lead discussions. Scott Bolkan will
discuss the role of thalamo-prefrontal interactions in rodent working memory.
Using optogenetic tools combined with in vivo recordings in mice he will
provide evidence for a functional dissociation of thalamo-prefrontal substrates
for working memory maintenance and retrieval. Michael Halassa will discuss
a new principle of thalamic function important for higher cognition: thalamic
circuits that operate as cortical amplifiers rather than cortical relays. Using
optogenetic tools combined with in vivo recordings in mice he will provide
evidence that the mediodorsal thalamus sustains prefrontal representations of
abstract rules without relaying information about these rules. Yuri Saalmann
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will discuss the role of higher-order thalamus in cognitive control, episodic
memory, and conscious awareness in primates. Using multi-site recordings he
will highlight common thalamo-cortical mechanisms across cognitive domains
and outline general principles governing thalamo-cortical interactions. His data
suggest that the higher-order thalamus coordinates the activity of ensembles of
cortical neurons, thereby regulating information transmission across the cortex
according to behavioral demands. Laura Lewis will discuss the role of thalamocortical interactions in sleep regulation. Using optogenetic tools in rodents
she will show that reticular inhibition of the thalamus regulates local sleep-like
states in cortex. Her work identifies a spatially organized thalamo-cortical
circuit for regulating arousal state through local low-frequency oscillatory
dynamics. She will then present a new fMRI approach developed to image these
local thalamo-cortical dynamics in human subjects.
Panel • Sunday, 4:30 p.m. - 6:30 p.m. • Lake

11. Stroke - Biomarkers Predictive of Functional Outcome
and New Targets in Brain Plasticity and Regeneration
Chair: Milos Pekny
Presenters: Milos Pekny, Christopher Levi, Michael Nilsson

Stroke therapy is currently limited to thrombolysis and trombectomy, for
which only a minority of patients is eligible, and to improving recovery by
enhancing CNS regeneration in the rehabilitation stage. The latter has become
a major research area as we are starting to unravel the molecular mechanisms
of CNS regeneration and identify genetic markers predictive of outcome as
important factors that determine the functional recovery after stroke. This
panel will present some of the most recent findings in the field. Milos Pekny
(University of Gothenburg, Sweden) will give an introduction and show
experimental evidence which points to astrocytes in the ischemic penumbra
as a novel therapeutic target both in the acute stage after stroke and at the later
regeneration stage. The role of astrocytes as key determinants of the brain
plasticity, and the links between astrocyte responses and functional recovery
after stroke will be discussed. Chris Levi (University of Newcastle, Australia)
will present research in progress of a multicenter genetics studies on biomarkers
predictive of outcome in stroke patients, which lead to the identification of new
targets for therapeutic intervention in stroke patients. Michael Nilsson (Hunter
Medical Research Institute, Newcastle, Australia) will show experimental and
clinical studies that have identified thalamus as the region particularly sensitive
to secondary neurodegeneration that starts within weeks and persists for up to
two years after stroke with stress being a powerful amplifier of this degenerative
process. Cellular and molecular mechanisms as well as therapeutic implications
will be presented.
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Panel • Sunday, 4:30 p.m. - 6:30 p.m. • Lamar

12. Cyclic Nucleotide Phosphodiesterases in the Circuitry
of Mood and Social Behavior: Genetic Models and
Therapeutic Approaches
Chair: Gretchen Snyder
Presenters: Kaitlyn Pilarzyk, Hanting Zhang, Jillian Hufgard, Ying Xu

Enzymes belonging to the cyclic nucleotide phosphodiesterase (PDE)
superfamily are abundantly expressed in brain regions governing cognition,
motor activity, and mood. This panel highlights the impact of chronic stress on
mood, social behavior, and cognition and, how pharmacological and genetic
manipulation of distinct PDE isoforms can modulate stress-induced social
and cognitive impairments. Kaitlyn Pilarzyk (USCSoM) will describe the
unique expression pattern of PDE11A in ventral hippocampus and the role of
this enzyme (using PDE11A KO mice) in social cognition and social behavior.
Isolation-induced decreases in PDE11A4 contribute to social deficits, possibly
due to increases in neuroinflammation. Hunter Zhang (UWV) will describe a
selective knockdown (KD) of long forms of PDE4D in prefrontal cortex that
mitigates cognitive impairment induced by chronic unpredictable stress (CUS).
This effect of PDE4D KD appears mediated via a cAMP/PKA/CREB pathway.
Jillian Hufgard (U Cincinnati) will discuss the role of striatal-enriched PDE1B
in depression-like behaviors. Global PDE1B gene knockout (KO) attenuates
the appearance of depression-like behaviors induced by acute stress in mice,
suggesting resistance to the effects of stress. The effect of PDE1B KO is additive
with SSRIs and NDRIs. Ying Xu (U. Buffalo) will review the role of PDE2A in
modifying the oxidative stress and neuronal vulnerability underlying depressive
behavior in mice. She will show that PDE2A KD, induced by microinfusion of
lenti-PDE2A-miRNA into CA1 of hippocampus, ameliorates stress-induced
depression, anxiety and memory impairments in mice. Together, these
presentations will emphasize the pervasive influence of chronic stress on mood
and cognition, and further, the therapeutic potential of targeting discrete PDE
enzyme isoforms for addressing poorly managed symptoms of developmental
and psychiatric disorders, including schizophrenia, depression, and autism
spectrum disorders.
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Sunday Evening Panel Sessions
Panel • Sunday, 7:00 p.m. - 8:30 p.m. • Amphitheater

13. New Technologies and Strategies for Studying Brain
Disorders: Clinical Implications
Chair: William Bunney
Presenters: Steven Potkin, William Bunney, Larry Goldstein, Arthur Toga

This symposium will review the application of innovative technologies to
construct dynamic pictures of brain function. Potkin will discuss two imaging
genetic approaches. The first describes the consequences of genetic risk factors
on brain structure and function. The second uses brain structure and function
as a quantitative trait to discover unanticipated genes and pathways that identify
risk. E.g, starting with frontal lobe inefficiency as a quantitative trait with
systems biology analyses, miR-137 and its targets were identified as a genetic
risk for schizophrenia. Patients with miR-137 risk alleles have an earlier onset of
illness, larger lateral ventricles, smaller hippocampi, and disordered structural
and functional connectivity. Bunney will describe a new brain imaging
technology, Fluorescence Deconvolution Tomography (FDT), which has been
developed for the measurement and visualization of very large numbers (~1
million) of individual excitatory contacts in the brain. Findings from a study in
the infralimbic cortex, an area homologous to human anterior cingulate (ACC),
in a rat model of depression will be presented. Preliminary data utilizing FDT in
postmortem tissue from the ACC in depressed patients will be discussed. This
work suggests that excitatory glutamatergic synapses in the brain are important
for understanding and treating depression. Goldstein will discuss recent work
using human induced pluripotent stem cell lines to probe the mechanistic basis
of Alzheimer’s disease. This research uses to advantage the variable genetics
that predispose different patients to disease and uses stem cell derived neurons
to identify characteristic phenotypes and behaviors that provide clues to drug
response and mechanism. Toga will present on using big data for discovery
science with examples of big data aggregation across many projects to relate
disparate data types and investigate patterns and associations from proteomics/
genetics to imaging and behavior.
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Panel • Sunday, 7:00 p.m. - 8:30 p.m. • Canyon

14. Severe Epilepsy – Diagnostic Trends and Therapeutic
Possibilities
Chair: Olaf Paulson
Presenters: Stefan Posse, Olaf Paulson, Lars H. Pinborg

Severe epilepsy causes major disability. Despite optimal medical treatment
30% remains medically refractory. If the epilepsy arises from a focal area,
the epileptogenic focus, then it is potentially treatable by surgery. In all
epilepsy surgery centres the components of the presurgical evaluation include
interictal/ictal EEG-video recordings to document seizure semiology and
EEG changes, structural MRI, neuropsychology and psychiatry. If the data are
discordant placement of intracranial EEG electrodes may in some cases lead
to identification of the epileptogenic zone and the neural networks underlying
seizures. New approaches for treatment of severe epilepsy also include gene
therapy. The present panel deals with aspects of severe epilepsy – diagnostic
trends and therapeutic possibilities in addition to antiepileptic drugs. The
long-term goal is to improve the therapeutic approach to treat severe epilepsy.
Olaf Paulson will provide introductory comments and lead the discussion
of the presentations. Stefan Posse will discuss the safety and limitations of
presurgical mapping using concurrent EEG and high-speed fMRI, and recent
advances in characterizing dynamics of resting state connectivity in healthy
controls and patients with epilepsy. Olaf B. Paulson will report on the results
of epilepsy surgery in Denmark from the recent decade using a standardized
treatment protocol and describe recent results on evaluating cognition in
patients with temporal lobe resections. Lars Pinborg will conclude the session
with summarizing the results of the Danish Epilepsy Program and reporting on
new trends which seems to emerge in gene therapy for drug resistant epilepsy
patients that are not candidates for epilepsy surgery.
Panel • Sunday, 7:00 p.m. - 8:30 p.m. • Cheyenne

15. The Ins and Outs of the Striatum in Regulating
Behavior
Chair: Matthew Wanat
Presenters: Susan Ferguson, Geoffrey Schoenbaum, Stephen Chang

Motivation, learning, value-based decisions, and drug-dependent behaviors
are some of the many functions mediated by the striatum. The distinct classes
of striatal neurons along with its extensive connectivity with the cortex,
midbrain, and thalamus enables the striatum to integrate information from
various nuclei to modulate a wide range of behavioral actions. This panel will
present recent findings examining the role of striatal afferents and efferents
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in regulating behavior. Matt Wanat (University of Texas – San Antonio) will
discuss the complementary roles of dopamine release in the nucleus accumbens
core and shell during cue-elicited conditioned responding. Susan Ferguson
(University of Washington) will describe the role of distinct striatal cell-types
as well as the cortical and thalamic inputs into the striatum in cue- and drug
prime-induced reinstatement of drug seeking behavior. Geoff Schoenbaum
(NIDA) will describe the influence of the orbitofrontal cortex on the capacity
of striatal cholinergic interneurons to decode different states and modulate
choice behavior. Steve Chang (Dartmouth) will discuss the roles of the nucleus
accumbens and ventral pallidum in cue-driven reward-seeking behaviors.
Collectively, these presentations will highlight the striatal neuron populations
along with the specific afferent and efferent striatal pathways involved with
decision-making and reward-seeking behaviors.
Panel • Sunday, 7:00 p.m. - 8:30 p.m. • Dunraven/Obsidian

16. Emerging Insights into the Cellular and Cognitive
Substrates of Nicotine Addiction
Chair: Vinay Parikh
Presenters: Jill Turner, Vinay Parikh, Jared Young, Heath Schmidt

Tobacco addiction remains a substantial global health problem. Nicotine
is recognized to be the major psychoactive ingredient of tobacco products
that causes addiction. The prevalence of individuals diagnosed as nicotine
dependent is much higher than that for any other drug of abuse. Despite
the availability of treatments for smoking cessation that mostly focus on
normalizing the reward function, relapse to smoking after quit attempts
still remains very high. Neural circuits of addiction extensively overlap with
those that support cognitive functions and in fact the degree of cognitive
impairment predicts likelihood of relapse. This panel will focus on the
cognitive components of nicotine dependence, withdrawal-induced cognitive
dysfunction, and their underlying neurobiological mechanisms. Jill Turner will
present studies revealing how neuregulin 3 signaling impacts long-term synaptic
plasticity in the orbital frontal cortex, a brain region highly involved with
impulse control, providing underlying mechanisms of nicotine dependence
and it potential comorbidity with schizophrenia. Vinay Parikh will discuss
research suggesting that spontaneous withdrawal from chronic nicotine disrupts
higher-order cognitive flexibility by producing aberrations in BDNF signaling in
discrete frontostriatal glutamate circuits. Jared Young will present his recent data
demonstrating nicotine withdrawal-induced deficits on attentional functioning
associated with disruption in dopaminergic and glutamatergic but not alpha7
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nicotinic receptor levels. Finally, Heath Schmidt will present data indicating
that augmenting cholinergic transmission with acetylcholinesterase inhibition
attenuate nicotine reinforcement in rats and smoking behavior in humans.
Together, these presentations will illustrate that dysregulation of specific
cognitive processes may underlie maladaptive behavioral patterns in nicotine
addicts and that these mechanisms may be targeted to improve relapse rate in
smokers.
Panel • Sunday, 7:00 p.m. - 8:30 p.m. • Gallatin

17. Endogenous Opioid Peptides: What, When, and How
Do They Control Neurons?
Chair: Elyssa Margolis
Presenters: Ream Al-Hasani, Leslie Sombers, Lakshmi Devi, Elyssa Margolis

That the endogenous opioid system contributes to many aspects of motivated
behavior is well established. It is also well known that this system comprises
peptides (e.g. beta-endorphin, met-enkephalin, and dynorphin) cleaved from
the precursors (proopiomelanocortin, proendkephalin and prodynorphin), and
the delta, mu, and kappa opioid receptors. Further, it is generally accepted that
these receptors exert their biological effects through activation of Gαi-mediated
signaling cascades. However, recent advances in scientific understanding and
the development of new tools have shed light on the fact that many fundamental
questions remain. These questions range from, “what peptide fragments
are released and when?”, to, “which receptors and downstream signaling
pathways are activated by a given peptide?”. In this panel we will present new
work that that begins to answer these questions. Informing what and when,
Dr. Ream Al-Hasani will discuss her work on the role of nucleus accumbens
preprodynorphin expressing neurons in behavior and their local endogenous
opioid release. Dr. Leslie Sombers will present new data on the rapid dynamics
of met-enkephalin in the midbrain and striatum in response to cocaine and
unexpected access to and consumption of palatable food. Addressing how
endogenous opioid peptides affect cells, Dr. Lakshmi Devi will present new data
evaluating the bias of endogenous opioid peptides to signal through G protein
activation or G protein independent, β-arrestin mediated pathways at each of
the opioid receptors. Finally, Dr. Elyssa Margolis will present data showing
that individual ventral tegmental area neurons may respond differently to metenkephalin, leu-enkephalin, and beta-endorphin. Together these investigations
demonstrate that the devil is in the details when it comes to the endogenous
opioid system.

January 28 – February 2, 2017 • Big Sky Resort, Big Sky, Montana

59

Panel • Sunday, 7:00 p.m. - 8:30 p.m. • Gibbon

18. New Approaches to Identify Connectivity and
Phenotypic Diversity in Circuits Regulating Energy
Balance
Chair: Shane Hentges
Presenters: Matt Carter, Stephanie Padilla, Alexander Jackson, Shane Hentges

Over the past few decades, many advances have been made in understanding
the neural control of hunger and satiety, particularly in regard to the role
that specific peptides play. However, large gaps remain in understanding the
connectivity between discrete populations of cells, the relative contributions
of various transmitters released in feeding circuits and the heterogeneity of
cells involved in food-seeking and energy balance regulation. The speakers in
this session will share data gathered using cutting-edge approaches that lend
new insight into several aspects of feeding. Matt Carter (Williams College)
will discuss experiments using an optogenetic approach to explore the role
that hypothalamic AgRP neurons play in the presence of appetite-suppressing
compounds and during pathologically-induced appetite suppression to
regulate food-seeking behavior. Stephanie Padilla (University of Washington)
will address how the state of starvation can change the way an organism
experiences its environment. Using modern techniques to target, trace and
manipulate discrete populations of neurons in mice, she will demonstrate
that AgRP neurons serve as the neural substrate for adaptive behaviors and
physiology in response to starvation. Alex Jackson (University of Connecticut)
will focus on studies that combine single cell transcriptional profiling and
slice electrophysiology to determine how heterogeneity within populations of
neurons in the lateral hypothalamic area (LHA) contributes to arousal, feeding
and motivated behaviors regulated through the LHA. Shane Hentges (Colorado
State University) will describe phenotypic diversity and transmitter switching in
hypothalamic POMC neurons that contribute to the regulation of food intake.
Panel • Sunday, 7:00 p.m. - 8:30 p.m. • Lake

19. Synaptic, Circuit and System Level Measures for Loss of
Consciousness
Chair: M. MacIver
Presenters: Aeyal Raz, Anthony Hudetz, M. MacIver, Robert Sanders

This panel will look at mechanisms underlying loss of consciousness (LOC)
during sleep and/or anesthesia. Aeyal Raz will show how sensory information,
carried by bottom-up pathways, is integrated with top-down information
about context and expectation to create perception. LOC occurs when
feedback pathways carrying predictive signals are preferentially disrupted, thus
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anesthetics preferentially suppress cortico-cortical excitatory post synaptic
potentials (EPSPs) but minimally affect thalamo-cortical EPSPs onto the same
neurons. Anthony Hudetz will show that ongoing cortical activity in sensory
cortex exhibits a relatively fixed repertoire of patterns that may be altered at
LOC. This repertoire may determine information integration necessary for
consciousness. Contrary to expectations, the repertoire of activity patterns,
from multisite local field potentials, were conserved under anesthesia although
subtle changes in their frequency distribution were evident. Bruce MacIver will
show how sleep and anesthetics produce a stereotypic slowing of EEG signal
frequencies at LOC in humans. Sensory stimulation ‘reactivates’ the EEG,
producing an awake-like signal, even though subjects remain unresponsive.
Chaos analysis was compared to traditional frequency domain measures and
shown to better discriminate between these activated signals during sleep,
and induction, and recovery from anesthetic-induced LOC. Robert Sanders
will show how fronto-parietal networks play a role in consciousness, based
on so-called “between-state” and “task-related” contrasts. These studies are
confounded by the need to complete other cognitive operations such as
executive control (reporting of actions) and/or through the conflation of
consciousness with responsiveness. Recent data from “within state” sleep
experiments will be described that demonstrate that neural substrates of
conscious experience lie within a posterior “hot zone”, rather than a frontoparietal network. Together this panel provides a glimpse into cellular and
circuit level mechanisms that contribute to the transition from a conscious brain
to LOC.
Panel • Sunday, 7:00 p.m. - 8:30 p.m. • Lamar

20. The Neurobiology of Social Stress: Modulation by
Social Status, Sex, Hormones and Development
Chair: Elliott Albers
Presenters: Matthew Cooper, Vasiliki Michopoulos, Aaron Jasnow

Across species, individual differences in responses to social stress have
received increased attention recently because they provide opportunities
to understand the biological basis of stress vulnerability and resilience. Sex,
age, and social status each modulate neurochemical, neuroendocrine and
behavioral responses to social stress. Recent evidence also suggests that these
responses are modulated by multi-circuit interactions among prefrontal cortex,
limbic structures, as well as HPA-axis and steroid hormones. Elliott Albers
will discuss how serotonin (5-HT) and arginine-vasopressin (AVP) act in
opposite ways within the hypothalamus to regulate dominance and aggression
in female and male Syrian hamsters. Dominance and aggression are promoted
by 5-HT in females and by AVP in males and the implications of these findings
for responses to social stress will be discussed. Matthew Cooper will discuss
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cellular mechanisms by which dominant social status protects hamsters from
social defeat stress, including elevated neural activity in the medial prefrontal
cortex and increased testosterone activity in the medial amygdala. Vasiliki
Michopoulos will detail the effects of social status on stress axis and immune
function in female rhesus monkeys, and discuss how these perturbations in
physiology impact socioemotional and feeding behavior. She will highlight
recent PET and rs-fMRI neuroimaging data suggesting that status- and dietinduced changes in reward pathways lead to alterations in behavior that increase
risk for adverse health outcomes. Aaron Jasnow will discuss the role of the
corticotropin-releasing factor (CRF) system in controlling sex-specific fear and
social behavior/defeat responses. He will also discuss how individual responses
to peripubertal stress shape adult social behavior.

Monday, January 30, 2017

Monday Morning Panel Sessions
Panel • Monday, 7:30 a.m. - 9:30 a.m. • Amphitheater

21. Dissecting Neuropeptide Circuits in Affective
Behaviors
Co-Chairs: Thomas Kash and Robert Messing
Presenters: Matthew Pomrenze, Kyle Parker, Lara Hwa, Rita Valentino

The application of optogenetic and chemogenetic approaches to the study
of neuronal circuits regulating affective behaviors has revolutionized how we
approach neuroscience. Often lost in the discussion of how glutamate and
GABA can regulate behavior is the critical involvement of other molecules
released from neurons that govern this process. Neuropeptides are a class of
molecules released from neurons and glia that have long been shown to regulate
behavior. This symposium will present cutting edge research focusing on the
role of neuropeptides in regulation of affective behaviors. Matthew Pomrenze
(Messing Lab) will present work focusing at corticotropin releasing hormone
(CRH) transmission within the extended amygdala. Using Crh-cre transgenic
rats he will discuss new data as to how CRH circuits in the central nucleus of
the amygdala and bed nucleus of the stria terminalis coordinately regulate fear
and anxiety. Dr. Kyle Parker (Bruchas Lab) will present new unpublished data
examining how the neuropeptide nociceptin can regulate motivation during
reward seeking behaviors. Using a novel transgenic prepronociceptin(PNOC)Cre mouse to study nociceptin neurons located within the paranigral and
paraintrafascicular nuclei of the ventral tegmental area (VTA), he will discuss
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how the location and activity of this small population of neurons position
them to tonically suppress reward motivation via dopamine cell inhibition.
Dr. Lara Hwa (Kash Lab) will present new data on how the neuropeptide
dynorphin gates stress induced enhancement of alcohol consumption. Using
a combination of genetic and pharmacological approaches, she has identified
the dynorphin neuronal populations engaged in this behavior. Further, ongoing
studies will probe the necessity and sufficiency of these populations in alcohol
drinking behavior. Finally, Dr. Rita Valentino will discuss new results on sex
differences in CRH and enkephalin regulation of the LC and how that shapes
coping strategy in response to social stress.
Panel • Monday, 7:30 a.m. - 9:30 a.m. • Canyon

22. Changing Your Mind: From Dynamic to Enduring
Modifications in Synaptic Plasticity
Chair: Michael Stefanik
Presenters: Sade Spencer, Thomas Younts, Michael Stefanik, Henrietta Szutorisz

Successfully navigating your way down the slopes requires dynamic adaptations
to the changing environment to be integrated with already learned and
established behaviors, like knowing how to ski. These types of complex
behaviors rely on a concert of short- and long-term adaptations across a variety
of cells in a number of brain regions. This panel will show how changes in
synaptic plasticity exist on a variety of timescales, using an assortment of
different mechanisms, and how both dynamic and enduring modifications
contribute to plasticity in the mammalian brain. Sade Spencer (MUSC)
will speak about the impact of reintroducing drugs on relapse-dependent
plasticity. She will present work examining rapid, transient potentiation of
glutamatergic synapses in the nucleus accumbens (NAc) in a novel cocaine
cue-induced reinstatement paradigm. Second, Thomas Younts (University
College London) will present work describing how the involvement of CB1
receptors in local, presynaptic protein synthesis controls neurotransmitter
release during long-term, but not short-term synaptic plasticity. Next, Michael
Stefanik (Rosalind Franklin University) will explain how PFC and NAc cells
differentially regulate postsynaptic protein synthesis in vitro and how these may
contribute to cocaine-seeking behavior. Finally, Henrietta Szutorisz (Mount
Sinai) will conclude the session by presenting data showing how adolescent
Δ9-tetrahydrocannabinol (THC) experiences can produce not only changes in
offspring, but multi-generational phenotypic and molecular alterations, even in
subsequent generations following THC exposure.
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Panel • Monday, 7:30 a.m. - 9:30 a.m. • Cheyenne

23. Sex and Ligand-Specific Mechanisms of Cannabinoid
Signaling
Chair: Daniel Morgan
Presenters: Rebecca Craft, Debra Kendall, Josee Guindon, Angela Redmond

Within the nervous system, endocannabinoid signaling is involved in
modulating a diverse range of physiological functions including pain, learning
and memory, reward signaling, and mood. Pharmacological manipulation
of endocannabinoid signaling using antagonists, agonists, and/or allosteric
modulators represent promising therapeutic agents for the treatment of
chronic pain, anxiety, depression, drug abuse, and metabolic disease. In this
timely panel symposium Daniel Morgan will introduce speakers and lead
the discussion of recent progress in our understanding of how cannabinoid
ligands can affect cannabinoid signaling and antinociception, in both sex- and
ligand-specific manners. Rebecca Craft will present recent work demonstrating
increased potency and efficacy for the antinociceptive effects of delta-9tetrahydrocannabinol (∆9-THC) in female rodents compared to their male
counterparts. Debra Kendall will present exciting new research using allosteric
modulators of cannabinoid receptor type 1 (CB1) that exhibit biased βarrestindependent signaling. Josee Guindon and Angela Henderson Redmond
will present recent collaborative work on the relationship between sex- and
agonist-specificity in the development of tolerance to the antinociceptive
effects of ∆9-THC and CP55,940. Josee Guindon will present recent work
demonstrating that c-Jun N-terminal ( JNK) signaling is involved in tolerance
to the anti-allodynic effects of ∆9-THC in male mice while this signaling
pathway is not involved in tolerance to CP55,940. Finally, Angela Henderson
Redmond will present recent data demonstrating a more pronounced effect of
the desensitization-resistant S426A/S430A CB1 point mutations on CP55,940
tolerance in females versus males raising the possibility of a complex interplay
between sex and agonist specificity. This work to better understand ligand- and
sex-specific cannabinoid signaling will facilitate the development of long lasting,
highly efficacious, and personalized pain therapies.
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Panel • Monday, 7:30 a.m. - 9:30 a.m. • Dunraven/Obsidian

24. Cellular and Molecular Mechanisms of Synapse
Development and Plasticity
Chair: Jean-Claude Béïque
Presenters: Andres Barria, Jean-Claude Béïque, Shernaz Bamji, Kurt Haas

Central synapses are endowed with the remarkable ability to alter their strength
in response to defined patterns of activity. Such plasticity mechanisms are
believed to be operant during learning, but as well during development, guiding
the establishment and maturation of neural circuits. This symposium will
highlight recent advances in our molecular and cellular understanding of several
fundamental features of synapse function and plasticity and how they regulate
synaptic and circuit development and network processing features. Panelists
will present results from highly complementary experimental strategies and
approaches, ranging from molecular and functional studies of individual
synapses to in vivo imaging in intact circuits. Dr. Andres Barria (University
of Washington) will begin the session by discussing the importance of the
subunit composition of the NMDA subtype of glutamate receptor in synaptic
plasticity and present novel regulatory mechanisms of synaptic NMDARs
by Wnt signaling. Dr. Jean-Claude Béïque (University of Ottawa) will then
present results from studies aimed at directly examining pre- and postsynaptic
functional features of individual synapse and that identify cellular mechanisms
accounting for the homeostatic regulation of Hebbian plasticity rules. Dr.
Shernaz Bamji (University of British Columbia) will follow and discuss the
importance of the palmitoyl acyltransferase, DHHC9, in regulating dendrite
outgrowth and in the maintenance of excitatory and inhibitory synaptic
inputs. Dr. Kurt Haas (University of British Columbia) will end the session by
describing in vivo imaging of brain circuit structural and functional refinement.
He finds that experience-driven dendritogenesis and synaptogenesis are
dependent on each neurons tuning, producing a circuit optimized to encode the
stimulus encountered.
Panel • Monday, 7:30 a.m. - 9:30 a.m. • Gallatin

25. Peripheral and Central Inflammatory Risk Factors for
Psychiatric Illness
Chair: Mark Geyer
Presenters: Victoria Risbrough, Sophie Erhardt, Susan Powell, Margarita Behrens

Converging evidence implicates inflammation as a risk factor for psychiatric
illnesses. Inflammatory factors may serve as biomarkers of illness risk and
inform treatment strategies. We will discuss clinical and animal data on
inflammatory risk factors, their biochemical consequences, and potential
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mechanisms for the effects of inflammation on psychiatric risk. Dr. Risbrough
will present data on peripheral inflammatory and somatic risk factors for
posttraumatic stress disorder (PTSD) in a large cohort of active duty Marines.
She will present new findings in mice suggesting that similar to humans,
peripheral immune responsivity is associated with susceptibility to enduring
effects of trauma, an effect potentially modified by mutations in catecholamine
signaling genes. Dr. Erhardt will discuss the role of the kynurenine pathway
in inflammatory effects on suicide risk. This pathway, which is activated by
inflammation, may constitute a causative link between inflammation and
psychiatric symptoms, due to its production of metabolites acting on NMDA
receptors. New findings reveal increases in the NMDA agonist quinolinic acid
in the CSF of suicide attempters possibly due to decreased enzymatic activity in
the kynurenine pathway. Dr. Powell will review prenatal immune contributions
to risk for psychiatric and developmental disorders and present data on
maternal immune activation (MIA) in mice, which results in phenotypes
relevant to schizophrenia and autism. She will present new data on cognitive
flexibility deficits in mice exposed to MIA and the vulnerability of male mice
to the behavioral effects. Oxidative stress and epigenetic mechanisms for the
effects of inflammation on brain development are beginning to be explored.
Dr. Behrens will present data on the dynamics of DNA methylation during
postnatal brain development and discuss the possible role of oxidative stress
and inflammation as potential risk factors altering DNA methylation during
brain development.
Panel • Monday, 7:30 a.m. - 9:30 a.m. • Gibbon

26. Cell Intrinsic Mechanisms of Axon Regeneration
Chair: Christopher Gabel
Presenters: Alexandra Byrne, Romain Cartoni, Christopher Gabel, Andrea Tedeschi

Axon regeneration within the central nervous system remains a crucial
hurdle in neurological recovery following traumatic damage and disease.
Successful therapeutic strategies necessitate a detailed understanding of the
mechanisms governing a neuron’s intrinsic regenerative capacity. This panel
will present studies in both mammals and C. elegans that are defining these
regenerative processes. Alexandra Bryne (University of Massachusetts Medical
School) will discuss how poly (ADP-ribosylation) functions to regulate axon
regeneration in C. elegans and in vitro mammalian cortical neurons. Studies
reveal mechanisms by which poly (ADP-ribose) polymerases and poly (ADPribose) glycohydrolases, which add and remove poly (ADP-ribose) from
substrate proteins in an NAD+-dependent manner, inhibit and enhance axon
regeneration, respectively. Romain Cartoni, (Boston Children’s Hospital) will
discuss how the mammalian specific protein Armcx1 regulates mitochondrial
transport during axon regeneration in mice. Armcx1, a mammalian-specific
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gene encoding a mitochondrially localized protein, is up-regulated after
axotomy, promotes both neuronal survival and axon regeneration after injury,
and these effects depend on its mitochondrial localization. Christopher Gabel
(Boston University School of Medicine) will report how alterations of O-linked
N-beta-aceytlglucosamine (O-GlcNAc) post-translational modifications can
increase axon regeneration in adult C. elegans by modulating the insulinsignaling pathway. These findings suggest a mechanism by which cellular
metabolic status can govern regenerative potential. Andrea Tedeschi (The
Ohio State University) will present experiments identifying Cacna2d2, the
gene encoding the Alpha2delta2 subunit of voltage gated calcium channels,
as a developmental switch that limits axon growth and regeneration.
Pharmacological blockade of Alpha2delta2 through Pregabalin administration
enhanced axon regeneration in adult mice after spinal cord injury.
Panel • Monday, 7:30 a.m. - 9:30 a.m. • Lake

27. Ski Buddies: Complimentary Computational and
Experimental Approaches for Understanding Sign- and
Goal-Tracking Trait Differences
Chair: Donna Calu
Presenters: Mehdi Khamassi, Matthew Roesch, Alex Kawa, Michael Saddoris

While many individuals try drugs of abuse, only a subset transition to addiction.
A classic Pavlovian procedure has elucidated phenotypic behavioral differences,
termed sign- and goal-tracking, that differentially predict vulnerability to
drug seeking. Donna Calu will provide a brief introduction to this panel that
brings together researchers investigating sign- and goal-tracking differences
with computational and/or experimental approaches, which commonly
aim to understand the brain basis of this intriguing trait difference. First,
Mehdi Khamassi will describe his computational model accounting for
parallel learning processes involved in Pavlovian lever-autoshaping. Different
parametrized weighting between learning processes in the model explain
individual differences in sign- versus goal- tracking behaviors and associated
differences in dopamine (DA) activity and susceptibility to DA receptor
blockade. Next, Matthew Roesch will describe his use of fast scan cyclic
voltammetry during lever-autoshaping to directly test critical predictions
derived from Lesaint-Khamassi model simulations. Empirical measurements
of DA release during systematic manipulation of inter-trial interval duration
reveal interesting timing-dependent behavioral and DA correlates that may
explain why some individuals are sign-trackers. Alex Kawa combines behavioral
economic models with a novel, prolonged-intermittent access model of drugself-administration to determine the extent to which sign- and goal-tracking
rats develop addiction-like behaviors. Finally, Michael Saddoris will show
data demonstrating how prior cocaine experience impairs phasic DA signaling
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patterns in the nucleus accumbens, and how those changes are related to signand goal-tracking behaviors. Together the speakers in this panel will show
how computational and experimental approaches can work hand-in-hand to
provide a deeper understanding of individual differences and their relevance for
addiction.
Panel • Monday, 7:30 a.m. - 9:30 a.m. • Lamar

28. Experience For and Through the Ages
Chair: Patrick Kanold
Presenters: Patrick Kanold, Stephen Lomber, Hey-Kyoung Lee, Alfredo Kirkwood

Primary sensory cortices are functionally influenced by sensory experience.
Classic experiments showed that there exists a critical period when the effect
of sensory experience is maximal. However, emerging evidence shows that
before and after the classic critical period cortical circuits can be altered by
sensory experience. In this panel, we will discuss the influence of sensory
experience throughout the lifespan. Dr. Patrick Kanold (Univ. Maryland,
chair) will talk about early experience of sounds even before the maturation of
thalamorecipient layer 4 sculpts nascent cortical circuits. In particular, he will
present how removal of sound transduction alters circuits in the developing
subplate and layer 4. Dr. Steven Lomber (Western Univ., Canada) will discuss
how early loss of a sensory modality causes improved performance in another
modality. In particular, he will present data that early deafness leads to enhanced
visual behavior and how inactivation of temporal auditory areas eliminates the
behavioral enhancement. Dr. Hey-Kyoung Lee ( Johns Hopkins Univ., co-chair)
will discuss how cross-modal sensory deprivation promotes plasticity in the
adult cortex. Especially, she will focus on potential cellular mechanisms. Dr.
Alfredo Kirkwood ( Johns Hopkins Univ.) will discuss how distinct mechanisms
of synaptic plasticity are differentially recruited in mature and aged brains.

Monday Late Afternoon Panel Sessions
Panel • Monday, 4:30 p.m. - 6:30 p.m. • Amphitheater

29. Oxytocin Promotes Resilience to Substance Use
Disorder Vulnerability
Chair: Jacqueline McGinty
Presenters: Jill Becker, Casey O’Neill, Courtney King, Mary Lee

The neuropeptide, oxytocin, has recently been implicated in alcohol and other
substance abuse disorders and has been shown to exert anxiolytic and antistress effects in both humans and rodents. These studies are advancing our
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understanding of the key neurobiological substrates that promote resilience
to relapse to drug-seeking. This panel will discuss the evidence that oxytocin
is a novel therapeutic approach to treat drug and alcohol taking/seeking and
associated changes in the brain that may underlie both conditions. Jill Becker
(U MI) will discuss evidence that daily oxytocin injections (0.3 mg/kg, ip–a
non-sedating dose) for 2 weeks before testing reduced the breakpoint for
methamphetamine self administration in both single and pair-housed rats.
Casey O’Neill (Medical University of SC) will discuss how repeated oxytocin
exposure suppresses methamphetamine-seeking that is exacerbated by prior
traumatic stress exposure and associated neuroadaptations in the stress circuitry
of male and female rats. Courtney King (Medical University of SC) will present
research findings that oxytocin administration dose-dependently decreases
alcohol consumption in mice in a number of self-administration paradigms.
Further, oxytocin suppresses sensitization to stress-induced reinstatement
of alcohol seeking behavior in mice with a prior history of stress exposure.
Mary Lee (NIAAA, NIH) will discuss data in rhesus monkeys indicating
that intravenous and intranasal administration of deuterated (d5) oxytocin
(80 IU) resulted in significant elevation of cerebrospinal fluid (CSF) levels
of d5 OT 60 minutes after administration, with no change in endogenous
oxytocin levels in CSF. Systemic oxytocin (2 mg/kg) administration in rats
dose-dependently potentiated methylphenidate-stimulated dopamine levels in
nucleus accumbens shell. However, oxytocin pretreatment (0.1-2.0 mg/kg),
with no dose-dependent effect, caused a downward shift of methylphenidate
self administration(0.01-0.3 mg/kg). Together, these data indicate that
oxytocin decreases the interaction between stress and relapse to substance use
taking/seeking in male and female subjects and is involved in the dopaminergic
processes related to drug use.
Panel • Monday, 4:30 p.m. - 6:30 p.m. • Canyon

30. The Neuropsychiatric Impact of HIV
Co-Chairs: Barbara Slusher and Michael Nedelcovych
Presenters: Norman Haughey, Michael Nedelcovych, Svetlana Semenova, Charlene
Gamaldo

There are an estimated 36 million people infected with HIV worldwide. Even
in patients with access to combined antiretroviral therapy (cART) which
suppresses viral replication and prevents immunodeficiency, HIV infection is
associated with increased rates of neuropsychiatric disorders including sleep
disruption, addiction, and HIV-associated neurocognitive disorder (HAND).
Accumulating evidence suggests that these symptoms stem in part from
persistent inflammation in the brain that disrupts normal neurotransmission
and induces broad deficits in neural circuits that govern arousal state, reward,
and cognition. However, the specific pathophysiological mechanisms that
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mediate HIV-associated neuropsychiatric symptoms are not well understood
and there are no effective treatments or validated biomarkers of disease
prognosis. This panel will highlight recent advances in the development of
translational biomarkers and novel therapeutics for neuropsychiatric illness
stemming from HIV infection. Dr. Norman Haughey ( Johns Hopkins
University) will first describe the symptoms of HAND along with recent efforts
to employ blood and cerebrospinal fluid (CSF) proteomics, metabolomics
and lipidomics to predict cognitive decline in HAND patients. Dr. Michael
Nedelcovych ( Johns Hopkins University) will then highlight novel approaches
to targeting disrupted glutamate homeostasis to normalize excitatory
neurotransmission and ameliorate HAND symptoms. Dr. Svetlana Semenova
(University of California San Diego) will show evidence for a bidirectional
causality between HIV infection and substance abuse, emphasizing the
combined effects of HIV-1-related proteins and methamphetamine on the brain
and behavior using translational approaches. Finally, Dr. Charlene Gamaldo
( Johns Hopkins University) will present evidence for sleep disturbances
associated with HIV infection that could possibly serve as biomarkers for
cognitive decline.
Panel • Monday, 4:30 p.m. - 6:30 p.m. • Cheyenne

31. Cannabinoid Regulation of Cognition, Stress and
Feeding Behavior: From Synapse to Behavior
Co-Chairs: Catharine Winstanley and Matthew Hill
Presenters: Catharine Winstanley, Matthew Hill, Jeffrey Tasker, Benjamin Lau

Our understanding of the roles played by the endocannabinoid system are often
driven by insight into the physiological systems and processes that are impacted
by cannabis itself. As such, it is not surprising that both exogenous (plant
derived) and endogenous cannabinoids have profound effects on systems that
regulate cognition, stress, emotion and feeding. The mechanisms by which
cannabinoids modulate these processes are becoming increasingly clear with
advances in neuroscience technologies and the adoption of systems level
studies investigating the impact of cannabinoids at the synapse up to complex
cognitive behavior. The current panel will describe a diverse assortment of
approaches to examining how cannabinoids influence processes ranging from
higher cognitive function to feeding behavior to stress and emotional behavior,
with a focus on synaptic physiology, sophisticated behavioral testing and
viral-mediated manipulations of the endocannabinoid system. First, Catharine
Winstanley (University of British Columbia) will discuss recent findings
explaining differences between the effects of THC and other cannabinoids on
tasks examining cognitive effort, but also introduce novel data exploring how
administration of THC reduces risky behavior in risk-preferring rats engaged in
a rat gambling task. Second, Matthew Hill (University of Calgary) will present
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novel data on how viral manipulations of the endocannabinoid system in the
amygdala modulate emotional learning and innate anxiety. Next, Jeff Tasker
(Tulane University) will discuss studies investigating how glucocorticoids can
modulate the synaptic actions of endocannabinoid signaling in different brain
circuits to influence emotional behavior and stress responses. Last, Ben Lau
(University of Calgary) will present novel data regarding the ability of longterm exposure to a cafeteria diet to influence endocannabinoid signaling in the
orbitofrontal cortex, which may be associated with compulsive feeding.
Panel • Monday, 4:30 p.m. - 6:30 p.m. • Dunraven/Obsidian

32. The Neuroimmunology of Deleterious Opioid Actions
Co-Chairs: Daniela Salvemini and Peter Grace
Presenters: Daniela Salvemini, Peter Grace, Anne Murphy, Todd Vanderah

Opioids are a frontline therapy for many chronic pain conditions. The adverse
effects associated with such drugs—addiction, analgesic tolerance, paradoxical
pain and possible bone loss—are well recognized. This symposium emphasizes
the 21st century discovery that neuroimmune signaling contributes to these
effects. The speakers will present the latest conceptual shift that neuroimmune
signaling underlies a long-lasting vulnerability to addiction, paradoxical
pain and altered bone metabolism. Additionally, the impact of poly-drug
exposure on neuroimmune involvement in synergistic drug-drug interactions
will be introduced. Dr. Salvemini (Chair) will present recent data on the
contribution of the sphingosine 1 phosphate 1 receptor (S1PR1) pathway
in the development of opioid unwanted; the data identifies the S1PR1 as a
novel therapeutic target to mitigate opioid unwanted actions while preserving
opioid analgesia. Dr. Grace (Co-Chair), will describe the contribution of
spinal pathways engaged in opioid induced hyperalgesia and neuropathic pain
persistence focusing on the role of toll-like receptor 4 (TLR4) and P2X7R. Dr.
Murphy will present data that indicate that TLR4-mediated neuroinflammation
in the periaqueductal gray (PAG) drives opioid tolerance. These findings
provide a novel pharmacological target for the prevention of opioid-induced
immune signaling, tolerance, and addiction. Dr. Vanderah will present novel
data that implicates the contribution of TLR4 in the development of opioidinduced bone loss in models of breast-induced bone cancer; results suggest that
sustained morphine may be enhancing bone loss and increasing pain over time.
From diverse research interests, these speakers will present the unifying concept
that drugs alter immune signaling, thereby creating a symposium with broad
appeal to the brain community. Novel therapeutic approaches with translational
potential will be presented and discussed.
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Panel • Monday, 4:30 p.m. - 6:30 p.m. • Gallatin

33. Interneuron Dysfunction as the Basis for Systems
Dysfunction in Psychiatric Disorders
Chair: Anthony Grace
Presenters: Christoph Kellendonk, Anthony Grace, Daniel Lodge, Patricio O’Donnell

Interneurons are among the last of the cellular elements laid down in
development, and serve to stabilize the excitatory networks in the brain. As
such, these systems can be highly vulnerable to disruption early in life, leading
to a number of psychiatric disorders. In this panel, we will explore how specific
interneuron types, with a focus on parvalbumin interneurons, are disrupted
in developmental animal models, and propose novel cellular biological
and pharmacological models for reversing these deficit states. Christoph
Kellendonk will present novel data showing how prenatal immune activation
can lead to selective deficits in synaptic transmission of prefrontal parvalbumin
neurons that is sufficient to induce higher order cognitive impairment. Anthony
Grace will present data showing in the MAM developmental disruption model
of schizophrenia, rats show enhanced sensitivity to stress in the peripubertal
period, which leads to loss of parvalbumin protein early in life followed by loss
of parvalbumin interneurons in adulthood. Daniel Lodge has used a dualreporter embryonic stem cell line to generate parvalbumin- or somatostatinenhanced cell lines, and will show how transplanting each line provides
symptom-specific reversal of deficits in the MAM schizophrenia model. Finally,
Patricio O’Donnell will show how D2 agonists enhance prefrontal parvalbumin
neuron excitability via a beta arrestin signaling pathway, which could offer a
selective pharmacological approach to treatment. Overall, we hope to present
convincing data that selective interneuron vulnerability can underlie specific
symptom classes in psychiatric disorders, and that these disruptions are due
to factors that take place progressively across early developmental stages. This
will provide a framework for investigating novel treatment strategies based on
restoring excitation-inhibition balance within these circuits.
Panel • Monday, 4:30 p.m. - 6:30 p.m. • Gibbon

34. Translational Research in Mild Traumatic Brain Injury:
An Interdisciplinary Approach
Chair: Alessander Santos
Presenters: Alessander Santos, Thomas Rau, Sarjubhai Patel, Alan Pearce

Current demand for translational research regarding the short- and long-term
effects of mild traumatic brain injury (mTBI) have recently increased and
focused, among other aspects, to more efficient methods of diagnosis. The use
of computational analyses on sensory, motor, and cognitive data associated
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to blood/plasma panels have recently been used in conjunction with clinical
gold-standard evaluation techniques as a means to better evaluate the functional
integrity of the central nervous system in human subjects suffering concussive
traumas. The focus of this panel will be the discussion of these modern
techniques and will include an interdisciplinary panel. Alex Santos (University
of Montana) will present techniques of computerized analysis of oculomotor
and balance performances as a screening tool for mTBI survivors. Thomas Rau
(University of Montana) will discuss translational studies from animal models
to human diagnosis and treatment of mTBI. Sarjubhai Patel (University of
Montana) will discuss the use of blood-based micro RNAs as biomarkers of
traumatic brain injuries in general. Alan Pearce will present neurophysiological
and neurocognitive data from recent studies investigating acute and long-term
outcomes following sports-related concussion/mTBI. The panel will finish
with a discussion of new research directions and collaborations with neurologyfocused clinicians that could arise from these new forms of data analysis with
respect to central nervous system functionality.
Panel • Monday, 4:30 p.m. - 6:30 p.m. • Lake

35. Modulation of NMDA Receptor Signaling: from
Structure-Function to Physiology
Chair: Kasper Hansen
Presenters: Kasper Hansen, Michael Kavanaugh, Weinan Sun, Ulli Bayer

The NMDA-type ionotropic glutamate receptors are critically involved in
normal brain functions, but are also implicated in many neurological disorders
and are therefore of considerable therapeutic interest. This panel will present
new insights to modulation of NMDA receptor function by mechanisms
involving the glycine/D-serine co-agonist binding site and inter-subunit
allosteric interactions. In addition, the panel will discuss recent discoveries
of new roles for NMDA receptors in synaptic signaling. Kasper Hansen
(University of Montana) will describe the molecular mechanism for negative
allosteric modulators that are promising new tool compounds to study the
roles of GluN2A-containing NMDA receptors in normal brain function
and disease. Allosteric inhibition by these GluN2A-selective antagonists is
mediated by a molecular switch in the modulatory binding site that stabilizes
the GluN1 subunit in a glycine-free conformation incapable of triggering
receptor activation. Michael Kavanaugh (University of Montana) will present
evidence that SLC1A4, a member of the SLC1 glutamate/neutral amino
acid transporter family, mediates a major component of the transmembrane
flux of D-serine in the brain. He will present data suggesting that SLC1A4
modulates D-serine homeostasis in acute cortical slices with consequent effects
on NMDA receptor-mediated signaling. Weinan Sun (Vollum Institute) will
discuss how allosteric interactions between GluN2 subunits tune functional
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properties of triheteromeric GluN1/2A/2B NMDA receptors in a GluN2Adominant manner. Finally, Ulli Bayer (University of Colorado) will describe
novel mechanisms that differentially regulate protein interactions with the
NMDA receptor after LTP- versus LTD-stimuli and thereby enable CaMKII to
mediate either type of synaptic plasticity. These four presentations will provide
a comprehensive discussion that covers novel aspects of NMDA receptor
modulation and signaling from structure-function to physiology.
Panel • Monday, 4:30 p.m. - 6:30 p.m. • Lamar

36. Staying Off the Powder: Insights into the Neural
Mechanisms of Relapse
Co-Chairs: Lauren Burgeno and Stephen Mahler
Presenters: Daniel Christian, Lauren Burgeno, Stephen Mahler, Rita Goldstein

Addiction is defined by the inability to control drug craving, thus resulting in
maladaptive patterns of drug use and continued drug-seeking despite negative
outcomes. Treatment is difficult as drug addicted individuals exhibit a high
risk of relapse following periods of abstinence, at time points far beyond the
duration of pharmacological action of the abused drug. Acute exposure to
drug, drug-related stimuli, or stress are commonly cited by drug addicted
individuals as factors that promote drug-seeking, thereby precipitating relapse.
Understanding the neurobiological mechanisms that underlie drug-seeking,
and identifying putative therapeutic targets for relapse prevention are principal
goals of addiction research. Significant advances in our understanding of
these processes have resulted from both clinical studies of drug addicted
individuals, and pre-clinical studies using animal models of relapse, such as the
reinstatement and incubation of craving paradigms. This panel will highlight
data obtained using a diversity of approaches to study the mechanisms that
regulate drug-seeking in both humans and animals. First, Dr. Daniel Christian
(Rosalind Franklin University of Medicine and Science) will discuss the role
that ventral striatal NMDA receptor plasticity plays in mediating the incubation
of drug-seeking. Lauren Burgeno (University of Washington) will discuss the
role that drug-cue evoked dopamine release plays in regulating drug-seeking
behavior over the course of drug taking and following abstinence. Dr. Steve
Mahler (University of California Irvine) will then present data on the role of
ventral pallidum and related circuits in cocaine-seeking, including a rat model of
relapse after self-imposed abstinence. Finally, Dr. Rita Goldstein (Icahn School
of Medicine, Mount Sinai) will discuss the neural mechanisms of the incubation
of craving in human cocaine addiction.
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Monday Evening Panel Sessions
Panel • Monday, 7:00 p.m. - 8:30 p.m. • Amphitheater

37. New Insights on the Heterogeneity of Dopamine D2
Receptors and Their Role in Motivated Behavior
Co-Chairs: Julia Lemos and Lex Kravitz
Presenters: Emiliana Borrelli, Christoph Kellendonk, Lex Kravitz

Dopaminergic neurotransmission is critical for associative learning and
motivated behavior. While there are five cloned genes that encode dopamine
D1-5 receptors, D2 receptors (D2Rs) repeatedly emerge as a critical
substrate for both the etiology and consequence of chronic dopamine-related
neurological and psychiatric diseases such as Parkinson’s disease (PD),
addiction, depression, obesity and schizophrenia. Therefore, compounds
that act at D2Rs may have therapeutic value in treating diseases. However,
D2 receptors are expressed on several disparate cellular profiles within the
striatum, acting as both hetero- and auto-receptors. Specifically, D2Rs are
located on enkephalin-containing medium spiny neurons which constitute
indirect-pathway projection neurons (iMSNs), on dopamine terminals that
originate from the mid-brain and on cholinergic interneurons within the
striatum. This complexity in D2R expression and circuitry within the striatum
has made previous pharmacological studies difficult to interpret. The use of
novel transgenic approaches where D2Rs have been selectively excised from
or overexpressed in one specific cell-type allows for precise dissection of the
action of D2Rs on regulating disparate motivated behaviors and also allows
for determination of the mechanisms that underlie these behaviors. Dr. Julia
Lemos (NIAAA/NIH) will present data on the role of D2Rs on iMSNs in
constraining GABAergic transmission within the striatal complex to maintain
locomotor activity. Dr. Emiliana Borrelli (UC-Irvine) will discuss the role of
D2R signaling in striatal circuits that generate functional connections between
cholinergic interneurons and iMSNs in the regulation of motor activity. Dr.
Christoph Kellendonk (Columbia University) will present data showing that
selective upregulation of D2Rs in iMSNs of the ventral striatum enhances
motivation by shifting the functional balance from the direct to the indirect
pathway Dr. Lex Kravitz (NIDDK) will present data demonstrating that D2Rs
on iMSNs, but not other neural populations, mediate anxiety-like behavior in
mice.
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Panel • Monday, 7:00 p.m. - 8:30 p.m. • Canyon

38. Skiing and Snowboarding Acquired Traumatic Brain/
Spinal Cord Injury
Chair: Thomas Swanson
Presenters: Thomas Swanson, Bruce Ransom, James Fawcett, Nigel Greig

Awareness and recognition of civilian concussive brain injury is increasing,
particularly amongst our athletes. Guidelines for acute treatment of head injury
in skiing and snowboarding and return to snow decisions are sparse. There
is even less concensus on how to handle chronic mild TBI. In no other area
of neurology is the science so critical in informing these clinical decisions.
This panel will attempt to synthesize the current leading thoughts on nervous
tissue injury and correlate them to best practice of concussion management.
Swanson will discuss recognition and treatment of head injury in competitive
and non-competitive skiing and snowboarding, current US Ski Association
guidelines for the evaluation and management of concussion, and factors that
inform return to snow decisions. Ransom will then discuss the role that glia may
play in mediating damage and recovery with attention to possible interventions
that may involve glial pathways. Fawcett will discuss the science of spinal cord
injury and regenerative treatments to restore function. Greig will discuss the
repositioning and optimization of an approved type 2 diabetes medication as a
new treatment strategy for concussive TBI.
Panel • Monday, 7:00 p.m. - 8:30 p.m. • Cheyenne

39. Corticolimbic and Hypothalamic Brain Neurocircuits:
Role in Binge Drinking of Alcohol
Chair: Sarah Leibowitz
Presenters: Todd Thiele, Jessica Barson, Sarah Leibowitz, Angela Ozburn

Neuropeptides are a large, diverse class of cell-cell signaling molecules in the
brain, unusually potent and long-acting. They include chemokines stimulated
by neuroinflammation that affect neurogenesis, neuronal migration and longterm expression of classical neuropeptides. This panel will describe approaches
used to identify and characterize neurocircuits in different brain regions
that affect binge-like ethanol drinking. Todd Thiele will focus on CRF and
GABAergic neurocircuits of extended amygdala to the VTA. He will provide
new evidence that ethanol-induced activation of this circuit, in tandem with
blunted NPY signaling, drives binge-like ethanol intake. Jessica Barson will
discuss Long-Evans rats drinking 20% ethanol with intermittent access that
promotes binge-like intake. She will present new findings that neurotensin,
acting in the posterior subregion of paraventricular nucleus of the thalamus, can
prevent and reduce this drinking. Sarah Leibowitz has investigated the effects of
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embryonic exposure to ethanol on development of different hypothalamic and
corticolimbic neuropeptide neuronal systems and on alcohol intake in offspring.
She will describe her recent studies in zebrafish and present new evidence
supporting a role in binge ethanol drinking of chemokines and their receptors as
they interact with the neuropeptide systems. Angela Ozburn and John Crabbe
will describe recent studies of HDID mice that reach high blood ethanol levels
after binge-like drinking. Using computational drug repurposing, they and
their colleagues have predicted novel compounds from gene expression profiles
in corticolimbic brain areas that may compensate for genetic predisposition
to binge drink, possibly through neuroinflammatory mechanisms. These
presentations will highlight the multiple and diverse functions of neuropeptiderich circuits and neural mechanisms in the brain and their commonalities that
should enhance efforts to find additional therapeutic compounds for trial.
Panel • Monday, 7:00 p.m. - 8:30 p.m. • Dunraven/Obsidian

40. Bipolar Disorder: Understanding the Topography of
Mood Fluctuations
Chair: Thomas Hyde
Presenters: Peter Zandi, Andrew Jaffe, John Kelsoe

Bipolar disorder (BPD) is characterized by wide undulations in mood, like the
topography of a ski resort. With a lifetime prevalence estimated at about 3% in
adults, BPD exacts a huge economic, social, and personal cost. There are widely
described mood stabilizers with varying degrees of efficacy and multiple side
effects. The targeted therapies of the future will be derived from understanding
the molecular genetics and pathology of this disorder. Recently, clinical
genome wide association studies have identified a number of loci associated
with risk of illness. Dr. Thomas Hyde (Lieber Institute) will provide a brief
overview of the clinical and neuropathological characteristics of this disorder.
Genome-wide association studies suggest that common genetic variation
contributes up to 25% of the total variance in liability. Thus, rare genetic
variants, poorly tagged by GWAS, may contribute to a meaningful proportion of
risk. Dr. Peter Zandi ( Johns Hopkins) and his team have carried out large-scale
exome sequencing studies of multiplex families with BPD and large case-control
samples to identify rare genetic risk variants. He will report on the results
emerging from these studies. Dr. Andrew Jaffe (Lieber Institute) will present
preliminary bipolar RNA sequencing data from the limbic system, part of the
psychENCODE project. He will show transcriptomic differences between the
limbic system, frontal cortex, and hippocampus, including regional differences
in previously unannotated transcripts. Dr. John Kelsoe (UCSD) will present
work on whole genome sequencing studies of BPD and how they may explain
the hyperexcitability observed in iPS derived neurons from BPD subjects. He
will also discuss genetic and iPS studies of lithium response. This session will
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demonstrate how the interplay between clinical genetics, postmortem brain
analyses, and iPS cell technology establish a paradigm for unraveling the biology
of neuropsychiatric illnesses.
Panel • Monday, 7:00 p.m. - 8:30 p.m. • Gallatin

41. The Opioid Slalom: Achieving Analgesia While
Avoiding Side Effects
Chair: James Zadina
Presenters: George Wilcox, Lakshmi Devi, Carolyn Fairbanks

A significant portion of the population suffers from chronic to severe pain
with inadequate treatment. Opioids are the most effective therapy, but serious
side effects limit their use. The current epidemic of opioid overdose deaths is
driving both new policies to limit opioid distribution and renewed emphasis
on development of new strategies for effective pain management. This panel
will discuss new approaches for providing highly effective pain relief while
avoiding adverse side effects of opioids. Jim Zadina will discuss a novel analog
of endomorphin that produces pain relief of equal or greater duration than
morphine while showing dramatically reduced side effects, including less
abuse liability, respiratory depression, tolerance, glial activation, and motor and
cognitive impairment. George Wilcox will discuss a peripherally restricted,
100-fold synergistic interaction between loperamide and a delta-opioid agonist
in inflamed tissue; lack of exposure of CNS to the mu agonist suggests low
addiction liability. Lakshmi Devi will discuss the characterization of collybolide,
a non-nitrogenous compound isolated from a mushroom that functions
as a novel KOR agonist in a highly selective manner. Although collybolide
structurally resembles salvinorin A, another kappa receptor selective agonist,
the two compounds differ in their signaling properties. Furthermore, whereas
both can suppress pain, collybolide also displays a potent and robust anti-itch
activity in mice. Carolyn Fairbanks will describe opportunities for genetic
modification of ultra-local points in the sensory relay that may maximize pain
control while minimizing off-target effects. Chronic pain arises from multiple
sites and pathological mechanisms and therefore multiple complementary
approaches (such as those to be presented) are needed to address this global
problem. The advances described here could greatly expand therapeutic
options for pain as well as related central nervous system dysfunctions.
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Panel • Monday, 7:00 p.m. - 8:30 p.m. • Gibbon

42. Information Integration: Novel Roles for the Lateral
Habenula in Behavioral Control
Chair: Carl Lupica
Presenters: Phillip Baker, Bo Li, Thomas Jhou, Carl Lupica

The Lateral Habenula (LHb) is a diencephalic brain structure receiving inputs
from limbic forebrain and innervating major monoaminergic nuclei, such as
the serotonergic raphe and midbrain dopamine systems. As an integrator of
limbic forebrain inputs to control monoaminergic mid/hindbrain output,
the LHb is not surprisingly implicated in a wide range of behaviors, including
cognition, reward, pain, aversion, and sleep and circadian rhythm. Moreover,
the LHb is implicated in neuropsychiatric disorders in which these behaviors
are involved, including depression, anxiety, and addiction. This panel will
explore involvement of the LHb and associated brain structures on behavior
to provide a contemporary overview of its importance in decision-making,
conditioned aversion, and cocaine addiction. Phillip Baker (U. Washington)
will discuss the involvement of the LHb in cognitive tasks that require changes
in behavioral strategies to obtain appetitive reinforcement. Bo Li (Cold Spring
Harbor) will present data to show that globus pallidus neurons projecting to the
LHb encode whether behavioral outcomes are better or worse than expected,
and that this drives future behavior. He will also show that direct optogenetic
modulation of pallidohabenular afferents is sufficient to modify behavior.
Thomas Jhou (Medical U. of South Carolina) will provide evidence to support
the idea that the response of rostromedial tegmentum (RMTg) neurons to cues
predicting aversive stimuli is driven by LHb efferents, whereas the response
of the RMTg to aversive events is independent of LHb input. Finally, Carl
Lupica, (NIDA Intramural) will demonstrate a novel role for the LHb in the
suppression of impulsive cocaine seeking in a self-administration model, and
that this is dependent upon muscarinic receptors. This panel will provide novel
information regarding roles for the LHb in behavioral flexibility, processing of
aversive stimuli, and in the control of addictive behavior.
Panel • Monday, 7:00 p.m. - 8:30 p.m. • Lake

43. Scientific Innovations for Cognitive Enhancement
Chair: Aron Barbey
Presenters: Arthur Kramer, Charles Hillman, C. Shawn Green

Recent innovations in cognitive neuroscience have advanced our understanding
of the neurobiological foundations of human intelligence. Rather than engaging
a single brain structure or operating at a fixed level of performance throughout
adulthood, emerging evidence indicates that intelligence is mediated by a
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distributed neural system whose functions can be significantly enhanced by
specific types of intervention. Early discoveries in the neurosciences revealed
that experience can modify brain structure long after brain development is
complete, but we are only now beginning to establish methods to enhance the
function of specific brain systems and to optimize core facets of intellectual
ability. It is now clear that experience alters the synaptic organization of the
brain and that such changes reflect adaptive mechanisms for human learning
and memory. In this panel session, we survey recent advances in the scientific
effort to enhance learning and memory through cognitive neurosciencedirected interventions, evaluating the efficacy of experimental protocols that
assess specific types of cognitive activity (Barbey, Green, Hillman, Kramer),
physical fitness training (Kramer, Hillman), brain stimulation (Barbey, Hillman,
Kramer), and nutritional intervention (Barbey, Hillman, Kramer). We classify
interventions according to their evidential support and identify a common
set of features that characterize the most successful approaches. We reveal the
pitfalls of many recent attempts to improve human intelligence, which focus
on a narrow set of cognitive skills or fail to sufficiently incorporate insights
from the neuroscientific study of intelligence. We highlight the strengths and
promise of multi-modal approaches that view the human mind through a
multi-faceted lens, incorporating cognitive neuroscience, physical fitness, and
nutritional interventions that deliver powerful synergistic effects. We show
how the scientific effort to improve the mind is fundamentally changing our
understanding of human intelligence – supporting new perspectives about
its dynamic and adaptive nature and motivating new insights about how
intelligence emerges through evolution and development, is cultivated through
experience and cognitive training, and is altered through psychiatric illness and
neurological disease.
Panel • Monday, 7:00 p.m. - 8:30 p.m. • Lamar

44. Ion Channel-Mediated Pathologies in the CNS: Can We
Do Something about Them?
Chair: Elias Aizenman
Presenters: Lynn Raymond, Stephen Traynelis, Elias Aizenman, Thanos Tzounopoulos

Channels regulate ion flow across membranes and are essential components of
cell function. Indeed, nearly all cell membranes contain ion channels, proteins
with diverse roles, and highly complex behaviors. Channels are activated and
inactivated by many signals and their function regulated by countless processes.
Yet, beware of the aberrant channel-- channels that open inadvertently, channels
that stay open too long, channels with impaired activation, and channels that
expressed at abnormally high levels all can have disastrous consequences in the
CNS. We assembled this panel to introduce a general neuroscience audience to
exciting new developments in the study of ion channel pathophysiology in the
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CNS, as well as to new ion channel-directed therapeutic strategies. As synaptic
dysfunction is a common theme among many adult-onset neurodegenerative
disorders, Lynn Raymond (University of British Columbia) will first discuss
how altered NMDA receptor subcellular localization and function contributes
to early changes in cortico-striatal synaptic signaling in Huntington disease, as
well as the mechanisms underlying these changes. Stephen Traynelis (Emory
University) will then describe the relationship between allele frequency and
functional effects of genetic variation in NMDA receptor channels in healthy
individuals and patients with neurological disease. Switching to potassium
channels and neuronal dysfunction, Elias Aizenman (University of Pittsburgh)
will describe a key role of the interaction between Kv2.1 and syntaxin during
neuronal cell death as well as a novel neuroprotective strategy targeted at
disrupting this interaction. Finally, Thanos Tzounopoulos (University of
Pittsburgh) will discuss his recent findings on the role of KCNQ2/3 potassium
channels in hyperexcitability-related disorders, such as tinnitus and epilepsy,
and present the synthesis and evaluation of novel KCNQ2/3-specific activators
as promising clinical candidates for treating these disorders.

Tuesday, January 31, 2017

Tuesday Morning Panel Sessions
Panel • Tuesday, 7:30 a.m. - 9:30 a.m. • Amphitheater

45. The Opioid Epidemic: Moguls, Models and Molecules
Chair: Amy Newman
Presenters: Amy Newman, Scott Edwards, Jose Moron-Concepcion, Stephanie Carmack

The precipitous increase in opioid abuse and overdose has inspired investigation
into mechanisms underlying both pain and addictive behaviors. Oxycodone is a
commonly used prescription opioid in clinical pain management. Nevertheless,
its potential to produce dependence in patients has led to epidemic-like
increases in opioid addiction that strongly support consideration of novel
mechanisms for treatment. Discovery of medications that might prevent relapse
to drug seeking or ideally, the development of dependence for patients that
require long term opioid therapy is of vital importance. Amy Newman will
propose the dopamine D3 receptor as a potential therapeutic target and will
present new lead molecules for development. Scott Edwards will discuss studies
addressing the affective dimension of pain, in which his lab has implemented
a non-reflex-based method to measure increases in motivation to avoid pain
in opioid-dependent animals. He will discuss correlations between individual
levels of pain avoidance and TH and CREB phosphorylation in the ventral
striatum. Jose Moron-Concepcion will describe the effects of inflammatory
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pain on opioid intake and associated motivated behavior. Findings that pain
increases the intake of high doses of opioids and affects overall motivated
behavior, which is mediated via downregulation of the mu opioid receptor and
an upregulation of the kappa opioid receptor in the VTA-NAc pathway will be
reported. Stephanie Carmack will present data on the neurocircuitry underlying
conditioned opioid withdrawal-induced aversive states in rats. Conditioned
withdrawal increases heroin intake, promotes reinstatement, and alters pain
sensitivity. Using fMRI, cortical and subcortical brain regions have been
identified that are related to cues paired with the negative emotional states of
opioid withdrawal. In summary, this panel will define underlying mechanisms
of pain and opioid dependence and will propose models and new leads for
pharmacotherapeutics.
Panel • Tuesday, 7:30 a.m. - 9:30 a.m. • Canyon

46. Opposing Mechanisms and Treatment Consequences
in the Neurobiology of Psychosis: Schizophrenia and
Alzheimer Disease
Chair: Robert Sweet
Presenters: Zachary Wills, Matthew MacDonald, Robert Sweet, Jeremy Koppel

Schizophrenia and psychosis occurring during Alzheimer’s Disease are two
of the most prevalent psychotic disorders in the US and worldwide. Despite
some obvious differences between them (age of onset, presence of identified
insoluble protein aggregates and neurodegeneration), both syndromes
nevertheless share a number of aspects of their expressed phenotypes.
Clinically, both are characterized clinically by linked cognitive deficits and
positive symptoms (delusions and hallucinations), and partial response of the
latter to antipsychotic medications. Both also share neocortical impairments
of dendritic spine complement and altered synaptic proteostasis. We will
discuss several aspects of these shared phenotypes and possible contributing
mechanisms. Dr. Wills will present data on the role of inhibition of new
synapse assembly in dendritic spine loss in model systems, and delineate a new
mechanism by which soluble Aβ induces a Nogo receptor-mediated deficit
in synapse assembly via targeted inhibition of T-type calcium channels. Dr.
MacDonald will present evidence for reductions in small, likely new/transient
dendritic spines in schizophrenia, and identify a novel mechanism for this
loss driven by overexpression of the calcium channel subunit, CACNB4.
Dr. Sweet will present new data from studies of the phosphoproteome in
auditory cortex of subjects with schizophrenia finding multiple altered
phosphophorylation events on the microtubule protein, MAP2 and MAPT,
several of which are known to have pathogenic roles in Alzheimer disease.
Finally, the use of antipsychotics, developed for the treatment of schizophrenia,
is widespread in AD despite a black-box warning from the FDA highlighting
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an associated increased risk of mortality after short term use in this vulnerable
population. Few studies have evaluated the neuropathological consequences
of antipsychotic exposure in AD, and none have focused on tau pathology. Dr.
Koppel will present data from acute and subacute studies examining the impact
of typical and atypical antipsychotics on tau phosphorylation in a tau mouse
model of Alzheimer’s disease.
Panel • Tuesday, 7:30 a.m. - 9:30 a.m. • Cheyenne

47. Neural Mechanisms Underlying How Environmental
Factors Drive Food Intake
Co-Chairs: Stephanie Borgland and Thomas Kash
Presenters: James Hardaway, Gorica Petrovich, Stephanie Borgland, Alain Dagher

The obesity epidemic, affecting >25% of adults, is largely driven by overeating.
Environmental factors such as widely prevalent, low cost, and highly palatable,
energy dense foods are strong factors that promote overeating. However, it is
not known how external factors overwhelm satiety mechanisms to cause overeating. This symposium will examine alterations in neural circuits underlying
why we overeat. Dr. Andrew Hardaway (Kash Lab) will present data obtained
with chemogenetic (DREADDs), optogenetic and selective knockout methods
on how specific neural ensembles and nociception-expressing neurons in
the central amygdala respond to calorically-dense, highly-palatable food and
how these neurons modulate food intake and reward behavior. Dr. Gorica
Petrovich will present evidence from functional imaging (Fos) and neuronal
manipulations with chemogenetic methods that the medial prefrontal cortex
plays a sex-specific, critical role in context-mediated renewal of responding to
food cues—a model for persistent feeding drive. This work supports the idea
that the environments rich in food and food cues mediate persistent feeding
drive through renewal mechanisms. Dr. Stephanie Borgland will present
evidence gained from electrophysiology and chemogenetic manipulations in
vivo that obesity can induce disinhibition of orbitofrontal cortex pyramidal
neurons and this disinhibition can promote food seeking regardless of satiety
or adverse consequences. Finally, Dr. Alain Dagher will review the brain
mechanisms of appetite control in humans, and propose a theory that could
account for the influence of food abundance / food cost on eating decisions.
Specifically, Dr. Dagher will cite evidence that 1) over-eating and weight gain
are associated with reduced executive function / reduced self-control 2) theory
that “loss of control” is economically optimum in abundant environments.
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Panel • Tuesday, 7:30 a.m. - 9:30 a.m. • Dunraven/Obsidian

48. Coerulean Fire Part II: What Lies Beyond
Noradrenergic Enhancement of Sensory Signal Processing
Within the Realm of Behavioral Outcomes
Co-Chairs: Barry Waterhouse and Rachel Navarra
Presenters: Rachel Navarra, Elena Vazey, Christiane Linster, Robert Froemke

At present it is well established by studies from many laboratories in both
anesthetized and un-anesthetized animals that increased noradrenergic
neurotransmission can amplify responses of individual sensory neurons
to afferent inputs and facilitate the transmission of information through
sensory networks. However, a major unanswered question is how and when
noradrenergically-mediated changes in sensory signal processing can influence
downstream decision making and motor responding. Using behavioral,
electrophysiological, and computer modeling approaches we are just beginning
to understand how such actions might impact executive functions and
behavioral outcomes. The panel will survey the effects of norepinephrine
in somatosensory, olfactory, auditory, and cognitive circuits and how altered
signal processing in these regions can drive or shape whole animal behavior.
Rachel Navarra will provide an introduction to the topic. Elena Vazey will
present data illustrating the effects of optogenetic activation of the locus
coeruleus-norepinephrine system on somatosensory signal processing at
multiple levels of the ascending somatosensory pathway. Christiane Linster
will discuss results of electrophysiological, behavioral and modeling studies
that show how noradrenergically-mediated modulation of olfactory bulb and
piriform cortex operations can influence the detection and associative learning
of low odor concentrations. Robert Froemke will show how locus coeruleus
neurons are modified by auditory sensory experience, and the consequences
of such plasticity on auditory cortical representations of sounds and sensory
perception. Barry Waterhouse will lead a discussion about future experimental
strategies and translational considerations. As a group, the link between
noradrenergic regulation of sensory signal processing and behavioral outcomes
will be discussed.
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Panel • Tuesday, 7:30 a.m. - 9:30 a.m. • Gallatin

49. What’s in a Dopamine Signal? Cracking the
Computational Code
Chair: Paul Phillips
Presenters: William Stauffer, Joshua Berke, Paul Phillips, Benedicte Babayan

An important landmark in the areas of computational and cognitive
neuroscience was the observation that dopamine-neuron firing patterns during
reward-related behavior resembled a reward-prediction error signal. Twenty
years on, that general relationship has stood up to extensive scientific inquiry.
However, our understanding of the precise nature of this signal has been refined
considerably, and new information has emerged that reveals other, sometimes
closely related, signals that are multiplexed in dopamine neurotransmission.
This panel will present some of the latest insights into the information
that is encoded in the dopamine signal with close attention to its role in
neurocomputation. First, William Stauffer (Pittsburgh) will present data from
non-human primates demonstrating that the dopamine reward-prediction-error
signal operates in a currency of subjective value (utility) where the degree to
which economic variables influence choice reliably matches the extent to which
they are incorporated into the dopamine signal. Next, Josh Berke (UCSF) will
present rat studies suggesting a dissociation between the activity of dopamine
cell bodies and dopamine release from their accumbens terminals, with the
latter directly conveying value estimates used to motivate working for rewards.
Paul Phillips (U Washington) will show that some classes of decision variables
are not incorporated into the dopamine signal in rats, and will argue the
relevance of these omissions in terms of motivation. Finally, Benedicte Babayan
(Harvard) will extend the discussion to provide evidence that, in addition to
accounting for experienced outcomes, the dopamine signal can incorporate
beliefs (inferences) about partial observable or fully latent states. These data
collectively will provide insight into a more refined (and hopefully convergent)
computational role for dopamine neurotransmission in reward-related behavior.
Panel • Tuesday, 7:30 a.m. - 9:30 a.m. • Gibbon

50. Human Laboratory and Clinical Advances in Sleep and
Substance Use
Chair: Peter Morgan
Presenter: Michael Irwin, Patrick Skosnik, Peter Morgan

Sleep disorders associated with substance use are increasingly recognized as
fundamentally contributing to the addiction cycle. Although the types of sleep
perturbations substance users experience vary with the substance used as well
as the chronicity and degree of use, striking similarities in the effects of chronic
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substance use on sleep suggest that common strategies may improve both
sleep and clinical outcome. In this panel, the effects of chronic use of alcohol,
cocaine, and cannabis on sleep will be discussed in light of recent work that
highlights the clinical relevance sleep perturbation in use and relapse. Michael
Irwin will present data from a large study of sleep in alcohol users, cocaine users,
and healthy controls, highlighting the common effects of chronic substance use
on sleep and their similarity to premature aging (including loss of slow-wave
sleep). Dr. Irwin will also present data on related inflammatory processes in
chronic cocaine users. Patrick Skosnik will present data on sleep in cannabis
users, and the effect of a fatty acid amide hydrolase (FAAH)-inhibitor on sleep.
This data implicates slow-wave sleep perturbation as a key and reversible feature
of chronic cannabis use. Peter Morgan will present the results of a ‘translational’
trial of modafinil in chronic cocaine users, showing that reversal of the slowwave sleep deficit related to chronic cocaine use mediates clinical outcome, and
that circadian factors may play a similar role in addiction.
Panel • Tuesday, 7:30 a.m. - 9:30 a.m. • Lake

51. Visualizing and Manipulating the Molecular
Organization of the Postsynapse
Co-Chairs: Matthew Kennedy and Jason Shepherd
Presenters: Donald Arnold, Mark Dell’Acqua, Matthew Kennedy, Jason Shepherd

The abundance and precise nanoscale organization of neurotransmitter
receptors, channels and signaling components at the postsynaptic membrane
determine the strength of excitatory and inhibitory synaptic connections in
the central nervous system. The molecular organization of the postsynaptic
membrane is not static, but is sculpted by synaptic activity in ways that
increase or decrease synaptic coupling. This reorganization is required for
central forms of plasticity underlying learning and memory. Recent advances
in light microscopy along with new chemo- and optogenetic techniques have
given us unprecedented ability to both visualize and manipulate the molecular
organization of the postsynapse. Panelists were selected based on their recent
use and/or development of cutting edge optical techniques for interrogating
synaptic function. Don Arnold (University of Southern California) will present
new molecular tools for visualizing and ablating endogenous proteins at
excitatory and inhibitory sites in vivo. Mark Dell’Acqua (University of Colorado
School of Medicine) will present new data on the role of palmityolation in
regulating nanoscale organization of AKAP79/150, a central signaling scaffold
for synaptic plasticity. Matt Kennedy (University of Colorado School of
Medicine) will present new approaches for acutely and locally manipulating
the composition of neurotransmitter receptors and signaling molecules
at postsynaptic sites using novel optogenetic approaches. Jason Shepherd
(University of Utah) will present new data using a novel super resolution
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imaging technique to visualize the dynamics and localization of synaptic
proteins with nanometer resolution in live neurons, which has yielded new
insights on how the plasticity gene Arc remodels synapses during plasticity.
Panel • Tuesday, 7:30 a.m. - 9:30 a.m. • Lamar

52. The Realities of Serious Mental Illness
Chair: David Pickar
Presenters: Steven Potkin, Amanda Law, John Kelsoe, Anil Malhotra

We propose to examine the realities of Serious Mental Illness from the clinical
and societal perspective to physiology, molecular science and treatment.
Schizophrenia is the most serious of mental illness with an estimated
national cost in 2002 of $60 B/year. One of the most compelling facts about
schizophrenia is its age of onset (late adolescence, early adulthood) and
prevalence (1% of the population, with equal measure across cultures and
geographies). The etiology of schizophrenia is still unclear and 51% of those
with the disorder are untreated in any given year. The typical patient with
bipolar disorder requires an average of 7 years after onset to accurate diagnosis
and treatment. There is a great need for earlier diagnosis and a way to predict
the best medication. David Pickar and Steven Potkin will address clinical
challenges in treating schizophrenia including the realities of current treatments
and the potential for new ones. Amanda Law will present pathophysiologic
insights into the mechanisms thought to underlie genetic risk for schizophrenia,
studied through examination of human tissues and animal models. John
Kelsoe and Anil Malhotra will present the reality of current genetic and
pharmacogenetic research into schizophrenia and bipolar disorder, respectively,
with an emphasis on results that are potentially clinically relevant. Current
treatment decisions are based on trial and error rather than a patient’s biology.
Discussion will focus on these realities of serious mental illness.

Tuesday Pioneer Panel Session 1: Jill Becker
Pioneer Session • Tuesday, 9:45 a.m. - 10:45 a.m. • Cheyenne

53. Sex Differences in the Brain: From Novelty to
Fundamental Principle of Neural Organization
Pioneer: Jill Becker
Junior Investigators: Colleen Hanlon and Josee Guindon

For all animals there is a constant competition among motivational forces for
food, shelter, reproduction, and other rewarding activities. Neural mechanisms
assign priorities to specific rewards and an animal’s choices change with the
internal state of the animal and with experience. Males and females of most
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species live in different social and physical worlds. The choices they must make
to survive and reproduce successfully are also different for males and females.
These environmental differences interact with biological sex differences during
development and in the adult to produce sex differences in the brain. For the
female rat, estradiol decreases food intake and the motivation for food while
enhancing motivation for a mate as well as drugs of abuse. Furthermore, there
are sex differences in the motivation to take drugs of abuse such as cocaine. We
find that in females, but not males, there are rapid effects of estradiol on the
ascending dopamine system that enhance the female’s motivation to engage in
these behaviors. Female rats exhibit greater behavioral sensitization to cocaine,
acquire cocaine self-administration more rapidly, and work harder to receive
cocaine than males, and estradiol enhances these sex differences.
The neural mechanisms mediating the sex difference in the effect of estradiol
on motivation are determined by hormonal exposure neonatally and during
puberty, in the female rat. In the adult female, estradiol inhibits GABA
release, down-regulates dopamine D2 receptors and enhances cocaine- or
amphetamine-stimulated dopamine release in dorsolateral striatum, but not
nucleus accumbens. The mechanisms mediating these effects enhance the rate
of escalation of drug taking by affecting motivation in females. Understanding
the neural bases for sex differences in motivation and the ways that males and
females differ are important for our understanding of the variety of mechanisms
involved in the neural changes associated with sex differences in motivation and
addiction.

Tuesday Pioneer Panel Session 2:
Charles O’Brien
Pioneer Session • Tuesday, 10:45 a.m. - 11:45 a.m. • Cheyenne

54. A Totally New Approach to the Treatment of
Alcoholism
Pioneer:Charles O’Brien
Junior Investigators: Daniel Roche and Aric Madayag

Research on addictive disorders receives public funding because addiction
is a common disorder that produces devastating social and economic
consequences. Until relatively recently, addiction received little interest from
the medical profession and most patients still do not receive medical treatment
for their core symptom of compulsive drug taking. The finding that animals
will work to obtain the same drugs that humans do provided an opportunity to
study mechanisms in the animal lab and translate them into human populations.
The key original finding for alcohol was that animals such as monkeys and rats
will work to obtain alcohol and the reward involves endogenous opioids. This
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finding provided a target for medications that reduce alcohol reward. The first
test of this hypothesis took place at the Philadelphia veterans medical center in
1983 where chronic alcoholics were randomly assigned to either naltrexone or
placebo in a double blind comparison trial. Those patients receiving naltrexone
had less craving for alcohol and reported less heavy alcohol drinking. This was
a surprising finding and was met with great skepticism from other researchers.
The friendly atmosphere of WCBR in January 1987 was a perfect setting for
the first public presentation of these controversial data. There was opposition
from the treatment field because most patients received medication only
to treat withdrawal symptoms. Eventually other researchers replicated the
naltrexone findings with alcoholics and the FDA gave its approval for clinical
use. The finding first reported at WCBR has been replicated around the world
and continues to stimulate other translational studies. For example, the animal
model of alcohol use disorder is currently producing important findings on
the genetics of heavy alcohol drinking using humanized mice (knock-in of
SNP) and PET studies in human drinkers showing how alcohol activates
dopaminergic pathways.

Tuesday Late Afternoon Panel Sessions
Panel • Tuesday, 4:30 p.m. - 6:30 p.m. • Amphitheater

55. Synaptic Architecture of the Lateral Habenula:
Involvement in Motivation, Depression, and Addiction
Co-Chairs: Marisela Morales and David Root
Presenters: David Root, Steven Shabel, Manuel Mameli, Elyssa Margolis

Emerging evidence suggests that lateral habenula (LHb) excitability is a
neuronal mechanism involved in the etiology of addiction and depression.
To better understand the regulation of excitability within the LHb, it is
fundamental to determine the molecular and cellular features that regulate
neurotransmission within the LHb. Towards this end, recent findings indicate
that although the LHb has terminals that release either GABA or glutamate,
the majority of the axon terminals within the LHb are capable to release both
glutamate and GABA (from a single axon terminal). This panel will cover recent
findings regarding the LHb molecular and structural properties of synapses
established by glutamate-, GABA- or combinatorial glutamate-GABA axon
terminals, and their involvement in addiction and depression. Dr. Marisela
Morales (National Institute on Drug Abuse/NIH) will provide general remarks.
Dr. David Root (National Institute on Drug Abuse/NIH) will discuss his
finding on the mapping of combinatorial glutamate-GABA neurons across
the brain, and their selective targeting to the LHb, and cellular mechanisms
of co-transmission by combinatorial glutamate-GABA terminals. Dr. Steven
Shabel (University of Texas Southwestern) will discuss his research on synapses
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by combinatorial glutamate-GABA from the entopeduncular nucleus to the
LHb, and their involvement in rodent models of depression. Dr. Manuel
Mameli (French National Institute of Health and Medical Research) will
discuss his research on synapses by combinatorial glutamate-GABA from the
entopeduncular nucleus to the LHb, and their involvement in rodent models of
cocaine addiction. Dr. Elyssa Margolis (University of California San Francisco)
will discuss her research on the synaptic actions of the mu opioid receptor on
glutamate and GABA release within the LHb.
Panel • Tuesday, 4:30 p.m. - 6:30 p.m. • Canyon

56. Applying Chemogenetics (DREADDs) to Study
Cognition in Non-Human Primates With an Eye to Clinical
Application
Co-Chairs: Barry Richmond and Mark Eldridge
Presenters: Mark Eldridge, Brittany Aguilar, Verginia Cuzon Carlson, Peter Rudebeck

Chemogenetic technology, such as DREADDs (Designer Receptors Exclusively
Activated by Designer Drugs), has allowed manipulation of neural circuits in
the rodent to a level of precision beyond the capabilities of other methods, such
as lesions and pharmacology. This approach has yielded important insights
into the neural circuitry subserving appetite, propagation of epileptiform
activity, ketamine antidepressant action, cholinergic signaling with respect to
Parkinson’s disease, sleep, and wakefulness in the context of dementia, to name
a few of many applications.
Applying this promising technology to non-human primates (NHPs) has
obvious potential benefits, both for basic science, and as a stepping-stone to
clinical application. Technical challenges (the larger size of the NHP brain,
different cytoarchitecture, different viral tropisms across species, different
metabolism and transport of inducer compounds) need to be overcome.
Recently several groups (including ours) have made substantial progress. Now
is an opportune time to present state-of-the-art work on the application of
chemogenetic technology in nonhuman primates to several scientific problems
with clinical undercurrents. Eldridge will show data teasing apart orbitofrontal
and caudate reward circuitry. Brittany Aguilar will present use of DREADDs
to model movement disorders, such as Parkinson’s disease. Verginia Cuzon
Carlson will talk about how inactivating the putamen reversibly affects action
selection, and Peter Rudebeck will talk about how reversible inactivations of
prefrontal cortex affect working memory.
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Panel • Tuesday, 4:30 p.m. - 6:30 p.m. • Cheyenne

57. Epigenetics of Psychiatric Disorders
Chair: James Knowles
Presenters: Chunyu Liu, Dan Geschwind, Cathy Barr

Genome-wide association studies, whole genome sequencing and whole exome
sequencing have identified hundreds of SNPs, de novo mutations, and copy
number variants that increase the risk of developing psychiatric disorders.
However, a major challenge confronting these studies is moving from risk
variation in the genome, to identifying the transcripts that are altered, and
the mechanisms by which this occurs. Much of this risk variation is thought
to be contained in non-coding regulatory elements, such as enhancers and
promotors, and how they interact in 3-dimensional space. Jim Knowles will
briefly review what is known about these elements and the methods to study
them and then present a study of 250 cell lines, with genetic, epigenetic
and transcriptomic data, derived from the olfactory neuroepithelium from
individuals with, and without schizophrenia. Chunyu Liu will present his work
on developing coexpression networks that integrate multi-dimensional data,
including microRNA, lncRNA, protein-coding mRNA, and epigenetic data of
postmortem brains from several brain collections and the relationship of these
novel networks to risk loci for the psychiatric disorders. Dan Geschwind will
present a first-generation genome-wide map of chromosome conformation
from the germinal zones and cortical plate of 3 prenatal human brains. These
maps correspond to known regulatory elements i.e. eQTLs, DNAseI peaks,
and repressive/activating histone marks and permit large-scale functional
annotation of non-coding schizophrenia GWAS variants. Finally, Cathy Barr
will present Capture-HiC data for 27 tissues/cell types including brain and
neural precursor cells (hNPCs). For the brain super-enhancer located within
the schizophrenia associated RERE gene, we predicted interactions with
multiple genes over a 2 MB region, and these interactions were supported by
RT-qPCR data from hNPCs where part of this super-enhancer was deleted
using CRISPR/Cas9, altering the transcription of three genes.
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Panel • Tuesday, 4:30 p.m. - 6:30 p.m. • Dunraven/Obsidian

58. How Genetics and Understanding of Disease Pathways
are Translating to New Potential Therapies for Parkinson’s
Disease
Chair: Warren Hirst
Presenters: Andy Singleton, Anurag Tandon, Warren Hirst, Peter LeWitt

2017 marks 200 years since James Parkinson published his essay on the
shaking palsy and 20 years from the first genetic link, of SNCA (a-synuclein),
to Parkinson’s disease (PD) which affects 5 million of patients worldwide. In
the past few years there has been substantial progress in the understanding of
the genetics, pathways and mechanisms contributing to the pathophysiology.
This has driven a renewed enthusiasm from biotech and pharma to develop
novel therapeutics, many of them addressing the key unmet need of disease
modification.
Andy Singleton (NIH) will present a short overview of the genetic architecture
of PD, followed by his laboratories latest work defining new risk genes for PD
and fine mapping of existing GWA signals. This work will cover the results
of ongoing whole genome and whole exome sequencing projects led by his
group. To finish he will discuss future efforts in this area expanding outside
of risk identification and into disease prediction. Anurag Tandon (University
of Toronto) will discuss recent studies on a-synuclein self-assembly and the
mechanisms of internalization of exogenous a-synuclein oligomers by cultured
cells, and the consequent effects on intracellular a-synuclein and its subsequent
propagation into naïve co-cultured cells. Warren Hirst (Biogen) will present on
early stage drug targets, defined by the emerging genetic and mechanistic data.
The development of new models, to validate the targets and to screen for novel
therapeutics, will be described together with an overview of the next generation
of potential disease modifying therapies for PD. Peter LeWitt (Henry Ford
Hospital) will discuss the challenges and recent advances in improving
therapeutics for PD including strategies for enhancing the consistency of
levodopa effect, gene therapy and non-dopaminergic drugs. The patients unmet
needs and therapeutics of the future will also be presented.
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Panel • Tuesday, 4:30 p.m. - 6:30 p.m. • Gallatin

59. Neurobehavioral, Neuroimmune and Neuroendocrine
Mechanisms of Ethanol Dependence
Chair: Fulton Crews
Presenters: Gunter Schumann, Friedbert Weiss, Fulton Crews, A. Leslie Morrow

The costs of alcohol dependence to society are mountainous, yet effective
treatments elude us. This translational panel will present compelling evidence
for mechanisms that are dysregulated in dependence. Gunter Schumann,
Kings College, London, will present IMAGEN analysis of humans showing
dysfunctional reward processing, including brain activity during reward
anticipation. Brain nodes engaged by reward anticipation include striatal and
cortical nodes preferentially associated with either adolescent hyperactivity or
alcohol consumption. Friedbert Weiss, Scripps Research Institute, San Diego,
will show that neural systems mediating the neurobehavioral effects of ethanol
are dysregulated in dependence. Dependent rats show enhanced responses to
anxiogenic stimuli, ethanol cues implicated in alcohol craving, and a phenotype
that resembles alcohol-preferring rats. These effects involve altered responses
to drugs targeting the nociceptin and endocannabinoid systems, as well as
dopamine and metabotropic glutamate receptors. Fulton Crews, UNC-Chapel
Hill, will present studies showing that ethanol exposure increases expression
of multiple toll-like receptors (TLRs) in humans and rodents that persist for
long periods of abstinence and sensitize the brain to additional innate immune
gene induction in a manner that promotes reward seeking and blunts frontal
cortical executive functions. Endogenous TLR agonists, HMGB1 and Let7
are implicated in these actions. Leslie Morrow, UNC-Chapel Hill, will present
evidence that chronic ethanol exposure reduces serum and brain levels of
the neuroactive steroid (3a5a)-3-hydroxy-5-pregnan-20-one (3a,5a-THP) in
rats, mice and monkeys. Elevation of 3a,5a-THP via gene delivery of P450scc
reduces ethanol reinforcement or ethanol consumption. 3a,5a-THP inhibition
of TLR4 signaling and corticotropin releasing factor are found. Together,
these presentations cover a broad spectrum of mechanisms that offer untested
approaches for novel therapeutics.
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Panel • Tuesday, 4:30 p.m. - 6:30 p.m. • Gibbon

60. Brain Plasticity: The Little Things That Matter
Chair: Anna Klintsova
Presenters: Brenda Anderson, Henriette van Praag, Anna Klintsova, Kristen Harris

Brain plasticity can be regarded as the ability of the components of nervous
tissue to make adaptive structural and functional changes. Plasticity comprises
changes in neuronal connectivity, generation of new neurons (neurogenesis),
morphological (dendritic and synaptic) changes in brain areas, and last but
not least - functional changes. Brain plasticity varies across the lifespan, and
is influenced by an organism’s interaction with the world around it. Studies
of plasticity support the meme, “use it or lose it,” which implies that “more
is better.” However, during the last decade the field has started to realization
that the endless addition of the neurons, or dendritic processes, or synapses is
not always beneficial or realistic due to obvious limitations for brain volume
expansion. With the advent of MRI, there has been a focus on plasticity in
regional brain volume. Within regions, the largest compartment within neurons
is the cell body, producing a perceptual bias. Brenda Anderson will present data
demonstrating the disconnect between cell number and volume, and argue for
a stronger association between volume, synapse number and dendritic volume.
The remaining presenters will discuss data elaborating on the balance between
the addition (multiplication and modification) of dendritic and synaptic
compartments and the restructuring of neuronal processes. Henriette van Praag
will talk about how voluntary exercise (running) facilitates contextual and
spatial information encoding by increasing adult hippocampal neurogenesis,
and the reorganization of these new neurons’ neuron circuitry. Anna Klintsova
will present data supporting the importance of dendritic plasticity for the
survival of newly-generated neurons in hippocampal dentate gyrus. Finally,
Kristen Harris will discuss the resource management underlying changes in
dendritic spine structure and clustering following LTP in adults and developing
hippocampus.
Panel • Tuesday, 4:30 p.m. - 6:30 p.m. • Lake

61. Short Course: CRISPR From Mouse to Monkey
Chair: Iris Lindberg
Presenters: Iris Lindberg, Amanda Fakira, Peter Hamilton, Stanley McKnight

A bacterial defense system against viral infection, known as CRISPR/Cas9,
now provides extraordinary precision and efficiency in genome editing. This
instructional short-course, led by Dr. Iris Lindberg, will explore the nuts and
bolts of CRISPR/Cas9 applications to solve basic neuroscience problems.
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Iris Lindberg (University of Maryland School of Medicine) will introduce the
general concepts which underlie the CRISPR/Cas9 gene editing system. She
will then discuss the use of CRISPR/Cas9 techniques to delete or to modify
genes in neural and endocrine cell lines.
Amanda Fakira (Icahn School of Medicine at Mount Sinai) will talk about using
CRISPR to insert LoxP sites into mouse embryos and create conditional KO
mice for two recently de-orphanized GPCRs.
Peter Hamilton (Icahn School of Medicine at Mount Sinai) will present
methods involving alternative applications of CRISPR, with emphasis on
engineering nuclease-dead Cas9 constructs to induce locus-specific epigenetic
modifications in vivo.
Stan McKnight (University of Washington) will compare CRISPR/Cas9
methods with “traditional” targeting methods, pointing out situations where
traditional methods involving ES cells and homologous recombination may
be preferred (for example the use of homologous recombination to create
alternative Cre-dependent exons that can be used to tag ribosomal proteins in
specific neurons in the brain.)
Panel • Tuesday, 4:30 p.m. - 6:30 p.m. • Lamar

62. Navigating the Moguls of Prefrontal Cortex
Development: Plasticity and Vulnerability in Adolescence
Chair: Kuei Tseng
Presenters: Joshua Gulley, Heather Brenhouse, Laurence Coutellier, Kuei Tseng

Developmental disruptions of cortical circuits are thought to contribute to the
onset of cognitive deficits observed in a variety of psychiatric disorders that
emerges during adolescence including affective and substance abuse disorders.
However, the neurobiology underlying such vulnerability is poorly understood,
in part due to our limited knowledge on how environmental risk factors impact
neuronal circuit maturation during critical periods of brain development.
Thus, the goal of this panel is to provide a much needed neurodevelopmental
framework for understanding the onset of mental illnesses using animal models,
with emphasis on neuronal circuits in the prefrontal cortex (PFC). Dr. Gulley
will present and discuss recent data demonstrating how changes in dopaminemediated modulation of PFC inhibitory function contribute to the behavioral
disturbances resulting from adolescent exposure to psychostimulants. Dr.
Brenhouse will present recent work highlighting a crucial role of the immune
signaling in altering glutamate receptivity and GABA interneuron density in
the adolescent PFC following postnatal maternal separation. Dr. Coutellier will
summarize recent data obtained from inducible transgenic mice showing how
downregulation of the brain transcription factor Npas4 during adolescence
increases the disrupting effects of stress on PFC GABAergic system and
related cognitive and emotional functions. Dr. Tseng will show data obtained
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using DREADD and shRNA to reveal that a delayed activation of prefrontal
GABAergic function by the ventral hippocampus renders the PFC labile
during adolescence. Altogether, we will provide a mechanistic view of the
requirements at both cellular and circuit levels necessary for PFC maturation
that could also explain why it becomes susceptible during critical periods of
brain development.

Tuesday Evening Panel Sessions
Panel • Tuesday, 7:00 p.m. - 8:30 p.m. • Amphitheater

63. The Contribution of Positive and Negative
Reinforcement to the Neurobiology of Cocaine and Alcohol
Abuse
Chair: David Barker
Presenters: Erin Calipari, Emily Lowery-Gionta, Elizabeth Glover

Drug abuse and addiction are major public health problems with an estimated
24.6 million Americans using illicit drugs, over 60 million Americans using
alcohol, and 16.5 million Americans consuming alcohol in excess. Despite the
high prevalence of use and misuse, effective treatment strategies for addiction
are lacking. The powerful control that abused drugs exert over their users can
be linked to a mixture of both their rewarding and aversive properties. This
panel will discuss the role that opposing positive and negative mechanisms
play in various aspects of cocaine and alcohol use and the neural substrates
involved in reward and aversion. Dr. David Barker (National Institute on Drug
Abuse) will provide an introduction to the panel and review evidence for the
time-course of emotional processing during cocaine self-administration and
relapse as evidenced by positive and negative ultrasonic vocalizations in the
rat. Dr. Erin Calipari (Icahn School of Medicine at Mount Sinai) will present
data outlining how temporally specific D1 and D2 MSN signals encode cuereward associations for cocaine and how cocaine-induced dysfunction in both
MSN subtypes underlies relapse. Dr. Emily Lowery-Gionta (National Institute
on Drug Abuse) will discuss the contribution of central amygdala outputs
to the periaqueductal gray area to alcohol self-administration and anxiety –
behaviors that perpetuate alcohol dependence. Finally, Dr. Elizabeth Glover
(Medical University of South Carolina) will discuss the role of the rostromedial
tegmental nucleus and its inputs in aversive aspects of both acute and chronic
alcohol exposure. This session will highlight innovative approaches to studying
drug abuse and addiction and provide new insight into the neural circuits
involved in mechanisms of reward and aversion.
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Panel • Tuesday, 7:00 p.m. - 8:30 p.m. • Canyon

64. Controversies in Epilepsy: Why We are Failing to
Identify New Treatments
Chair: Thomas Swanson
Presenters: Jacci Bainbridge, Thomas Swanson, Francis Dudek, Chris Ransom

Epilepsy affects about 1 in 26 people worldwide. About a third of these patients
continue to have seizures despite multiple therapeutic approaches. This figure
has not changed substantially over the last several decades despite the approval
of many new small molecules, electrical stimulation devices, and advances in
epilepsy surgery. The aim of this panel is to induce discussion into possible
reasons for the lack of substantial advancement in epilepsy treatment. Two
controversial ideas will be discussed using a point / counter-point approach.
1) Mechanisms of action of antiepileptic drugs are irrelevant in choosing
therapy. 2) Traditional research methods using animal models of epilepsy are
not translating into game changing new therapies. Tom Swanson will provide
evidence as to why mechanisms of action are unimportant in choosing an AED
for epilepsy patients. Jacci Bainbridge will argue that mechanisms of action
are important in these decision-making processes. Tom Swanson will discuss
why research with animal models are not able to produce any meaningful
human therapies, presenting evidence from several animal models. Ed Dudek
will discuss discoveries from animal models that have direct applications to
translational therapies. Chris Ransom will present arguments for the continued
use of animal models in both drug discovery and understanding mechanistic
details.
Panel • Tuesday, 7:00 p.m. - 8:30 p.m. • Cheyenne

65. Opioid Receptor Modulation of Neural Circuits
Chair: Erica Levitt
Presenters: Matthew Banghart, Philip Fox, William Birdsong, Erica Levitt

Opioid receptors are located throughout the brain and modulate many
neural functions. The widespread distribution of opioid receptors leads to
numerous effects (wanted and unwanted) during systemic opioid therapy
and poises endogenous opioid peptides to play an important role in normal
physiology. This panel will discuss opioid receptor-mediated control of various
neural circuits, including those involved in food intake, emotion, motivation
and respiration. Matt Banghart (UCSD) will start with an update on novel
photoactivatable opioid ligands and the modulation of striatal microcircuits
by enkephalin. Philip Fox (CSU) will describe opioid receptor regulation of
pro-opiomelanocortin neurons of the hypothalamus, focusing on post-synaptic
inhibition of neuronal firing and Ca2+ activity. Will Birdsong (OHSU) will
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discuss opioid receptor control of thalamo-cortico-striatal circuits that are
involved in the affective aspects of pain. Specifically, the role of mu- and
delta-opioid receptors in opioid-mediated presynaptic inhibition of identified
GABAergic and glutamatergic afferents in the anterior cingulate cortex and
dorsomedial striatum will be discussed. Erica Levitt (UF) will end with a
discussion of opioid receptors in the respiratory network, particularly the
pontine Kölliker-Fuse, which regulates the post-inspiratory phase of breathing.
Panel • Tuesday, 7:00 p.m. - 8:30 p.m. • Dunraven/Obsidian

66. Cellular and Molecular Basis of Peripheral
Nociception: Novel Insights
Chair: Frank Rice
Presenters: Sarah Ross, Philippe Séguéla, Frank Rice, Jose Moron-Concepcion

Chronic pain and itch associated with peripheral neuropathies and
dermatopathies are among the most common debilitating afflictions. Attributed
to dysfunctions of small caliber primary afferents, the mechanisms are still
elusive with existing therapeutics being mostly ineffective and prone to serious
side effects. Small diameter primary afferents are often lumped together as
nociceptors but increasing evidence indicates that they subserve a variety of
sensations including pain and itch. Moreover, increasing evidence indicates
that non-neuronal cells of peripheral tissues also have complex neurosignalling
characteristics that are involved in normal and pathological tactile sensations.
Dr. Ross will discuss functional afferent subtypes and the use of optogenetics to
identify which ones mediate nociception both in normal and injury conditions.
She will show that modulation of these nociceptors using peripherally selective
agonists is a promising new strategy for treating chronic pain. Dr. Séguéla will
present novel findings on optogenetic control of genetically-identified subsets
of cutaneous nociceptors and pruriceptors. Differences in behavioral responses
between optical and DREADD-based metabotropic activation of primary
sensory neurons will be discussed. Dr. Rice will survey dynamically maintained
stratification of multi-molecular excitatory and inhibitory properties among
epidermal keratinocytes with pharmacologic and optogenetic evidence that
they activate and regulate small caliber primary afferents. He will show that
recapitulating pathologies among keratinocyte neurochemical stratification
occurs across a variety of painful neuropathies which are potential targets
for novel topical therapeutics. Dr. Jose Moron-Concepcion will provide new
evidence that GluA4-containing AMPA glutamate receptors are expressed in
epidermal keratinocytes and that the expression level of these receptors are
conversely altered in painful neuropathies and pruritic dermatopathies.
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Panel • Tuesday, 7:00 p.m. - 8:30 p.m. • Gallatin

67. Neuroimmune Modulation in Addiction: Preclinical
and Clinical Findings
Chair: Lara Ray
Presenters: Ryan Bachtell, Steve Shoptaw, Lara Ray

Recent evidence suggests that the neuroimmune system is implicated in
responses to drugs of abuse, including alcohol, cocaine, and methamphetamine.
Understanding the contribution of the neuroimmune system to development
and maintenance of substance use disorders also provides opportunities
for intervention, including the development of novel and more efficacious
treatment for these disorders. The goal of this session is to combine preclinical
and clinical data regarding neoruimmune modulation and addiction. The first
presenter, Dr. Bachtell, will describe a series of studies exploring the role of
the immunosurveillance receptor complex, Toll-Like Receptor 4 (TLR4),
on microglial cells to initiate immune signaling upon cocaine administration
and identify how TLR4 signaling contributes to cocaine self-administration
and reinstatement in rats. The second presenter, Dr. Shoptaw, will examine
clinical data for ibudilast, a neuroimmune modulator, for the treatment of
methamphetamine use disorder. Dr. Shoptaw will describe results of a Phase
1b placebo-controlled trial ibudilast at 50 mg bid. Outcomes for this trial
include safety in combination with methamphetamine administration as
well as alterations in the subjective response to methamphetamine in the
laboratory. The last presenter, Dr. Ray, will describe a randomized, crossover,
double-blind, placebo-controlled laboratory study of ibudilast in non-treatment
seeking individuals with alcohol use disorder. This study examines the safety,
tolerability, and initial human laboratory efficacy of ibudilast (50mg BID) on
measures of subjective response to alcohol as well as cue- and stress-induced
changes in craving and mood. These presentations coalesce around basic and
applied studies of neuroimmune modulation in addiction and demonstrate
the potential for understanding and treating drug addiction in the context of
neuroimmune function.
Panel • Tuesday, 7:00 p.m. - 8:30 p.m. • Gibbon

68. Novel Approaches to Understanding and Correcting
Excitability Defects in Fragile X Syndrome
Chair: Vitaly Klyachko
Presenters: Leonard Kaczmarek, Vitaly Klyachko, Anis Contractor, Gary Bassell

Neuronal hyperexcitability and seizures are common in many intellectual
disability (ID) disorders, including Fragile X syndrome (FXS). FXS and other
ID disorders are also characterized by aberrant protein synthesis, yet the link
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between these two major neuronal defects is poorly understood. This panel will
present recent findings of translation-dependent and independent mechanisms
underlying excitability defects in FXS, and approaches to their normalization.
Leonard Kaczmarek will discuss how Slack K+ channels interact with FMRP
and other cytoplasmic signaling molecules to regulate protein synthesis in
cortical neurons. He will also describe how human mutations that alter these
interactions result in severe forms of ID and childhood seizures. Vitaly Klyachko
will describe how dysregulation of Na+ channels causes hyperexcitability
in cortical FXS neurons by lowering the action potential threshold. He will
present evidence that this dysfunction is translation-independent and is
mediated by excessive mGluR5 signaling acting on Na+ channels via PLC
and PKC. Anis Contractor will discuss the recent findings that the normal
maturation of GABAergic signaling is delayed in FXS mice because of the
aberrant expression of the Cl- cotransporters that underlie GABA efficacy.
He will discuss data demonstrating that inhibiting the cotransporters rectifies
Cl- homeostasis and can correct cortical synapse development during the
critical period. Gary Bassell will discuss the role of abnormal PI3K signaling
in mediating dysregulated protein synthesis in FXS and will demonstrate that
targeting overactive PI3K signaling can rescue molecular, physiologic and
behavioral phenotypes in this disorder. He will further discuss findings in
human iPSC-derived neurons from FXS patients that exhibit both an increased
protein synthesis and circuit hyperexcitability. This panel thus will present new
approaches to understanding the mechanisms of hyperexcitability in FXS and
will discuss new avenues towards its treatment.
Panel • Tuesday, 7:00 p.m. - 8:30 p.m. • Lake

69. On the Outside Looking in: Extracellular Regulation of
Neuronal Development and Plasticity
Chair: Elizabeth Quinlan
Presenters: Serena Dudek, Andres Buonanno, Alfredo Kirkwood, Elizabeth Quinlan

It is increasingly apparent that extracellular signaling pathways exert powerful
control of the cellular microenvironment. In this session we will present new
insights into the regulation of neuronal circuits in development and disease via
extracellular signaling. Serena Dudek (NIEHS/NIH) will present evidence
that specialized extracellular matrix perineuronal nets (PNNs) surround mouse
CA2 pyramidal neurons and their excitatory synapses. These PNNs play an
important role in restricting synaptic potentiation of the normally plasticityresistant excitatory CA2 synapses. PNN development could be modified by
early-life enrichment. Andres Buonanno (NICHD/NIH) will present evidence
that unprocessed proNRG1 isotypes I/II and proNRG2, which harbor an
Ig-like domain necessary for binding to extracellular heparin, accumulate at
somatic subsurface cisternae, and are cleaved by metalloproteases and released
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to promote ErbB signaling in response to NMDAR activation. A bidirectional
signaling mode in ErbB4-expressing GABAergic interneurons was identified
in which NRG released following NMDAR activation which promotes ErbB4
signaling, that in turn down-regulates NMDAR function. Alfredo Kirkwood
( Johns Hopkins University) will show that the regulation of the critical period
for ocular dominance plasticity depends on specific signaling pathways that
are highly enriched at excitatory synapses onto fast-spiking interneurons.
These complexes, which include NRG1/erbB4 and NARP/NPR interact with
molecules of perineuronal nets, a specialization of the extracellular matrix that
is highly enriched near the cell bodies of fast-spiking interneurons. Elizabeth
Quinlan (University of Maryland) will show that visual deprivation followed
by light re-introduction reduces the excitability of FS INs and reactivates ocular
dominance plasticity in adult mice. An MMP-9-dependent proteolysis of PNNs,
which are enriched for molecules that regulate AMPAR distribution such are
NARP and NRG1, is a critical component to the reactivation of plasticity.
Panel • Tuesday, 7:00 p.m. - 8:30 p.m. • Lamar

70. Picking Up the Pieces After a “Yard Sale:” Diagnosing
and Monitoring the Effects of Sports-Related Brain Injury
Chair: David Devilbiss
Presenters: Keisuke Kawata, David Devilbiss, Louis De Beaumont, Semyon Slobounov

Concussion is a type of mild traumatic brain injury commonly associated with
sports-related brain injury. Concussion affects approximately 1.7-3.8 million
Americans each year. The diagnosis of concussion by clinicians continues to
rely on subjective, self-reported symptoms. However, concussion is a complex
pathophysiological process resulting in the occasional rapid onset of a number
of graded clinical symptoms and the effects are compounded with repeated
injury. Better assessment tools and an understanding of the acute and long-term
effects of concussive and subconcussive injuries are needed for both single and
repeated brain injuries. This panel will present recent advances in approaches
to diagnose the range of sports-related brain concussive injuries, monitor the
acute recovery and long-term effects. Keisuke Kawata will present an overview
of recent advances in the diagnosis of concussion including the use of bloodbased markers. Moreover, he will present emerging data that oculomotor
assessments may be especially sensitive to single and repetitive subconcussive
head impacts. David Devilbiss will present emerging evidence on the effects
and time-course of concussion on the electroencephalographic measures of
brain function and cognitive performance on standardized neuropsychological
assessment batteries for concussion diagnosis. Louis de Beaumont will present
recent neuroimaging findings on the long-term effects of concussion. These data
highlight the sensitivity of the frontal and temporal brain regions, but also the
persistent and compounding effects with age. Semyon Slobounov will present
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findings that demonstrate both brain function and structure are altered beyond
that which can be detected with conventional neuropsychological tools. He
will also present novel findings that suggest putative treatments for concussed
athletes both in acute and chronic phases of injury.

Wednesday, February 1, 2017

Wednesday Morning Panel Sessions
Panel • Wednesday, 7:30 a.m. - 9:30 a.m. • Amphitheater

71. Modulation of the Opioid System After Alcohol
Consumption and Development of Alcohol Abuse/
Dependence
Chair: Aya Matsui
Presenters: Brendan Walker, Brady Atwood, Hitoshi Morikawa, Aya Matsui

The endogenous opioid peptides endorphin, enkephalin and dynorphin
control the motivating and reinforcing effects of alcohol consumption. Alcohol
consumption and chronic alcohol exposure result in changes in the levels of
endogenous opioids in the brain. Endogenous opioids alter neurotransmission
in the mesolimbic system, basal ganglia, and extended amygdala, all brain
circuits that play key roles in the development of drug abuse, including alcohol
use disorders (AUDs). Given this important role, elucidating the specific
mechanism by which alcohol consumption alters the endogenous opioid
systems and changes dopamine neuron physiology is crucial to understand
and ultimately treat alcohol use disorders (AUDs). Specifically, this panel will
focus on how alcohol consumption affects the endogenous opioid system in
the brain using animal models of AUDs. Similarities between alcohol’s effects
and those of opiates and highly palatable food will also be addressed. The panel
will begin with a discussion on the role of mesolimbocortical kappa-opioid
receptor dysregulation in the maladaptive behavioral regulation that occurs in
alcohol dependence. Next, synapse-specific alterations in the dorsal stratum
induced by alcohol and opiates will be presented. Since dopamine levels are
elevated after alcohol use, neuroadaptation in dopamine neurons after previous
alcohol experience and palatable food will be discussed. Finally, chronic
alcohol-induced modulation of opioid receptors in the ventral pallidum will
be presented. Taken together, the data presented in this panel will explore the
significance of opioid and dopamine system dysregulation in alcohol intake,
which will better inform the development of novel therapeutic strategies to treat
AUDs.
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Panel • Wednesday, 7:30 a.m. - 9:30 a.m. • Canyon

72. Understanding Mechanisms Underlying
Neurodegenerative Disease: Implications for Therapies
Chair: Joanne Nash
Presenters: Stephen Ferguson, David Park, Joanne Nash

The highest risk factor associated with neurodegenerative diseases such as
Parkinson’s and Alzheimer’s is aging. Currently > 10 million people are affected
with these diseases worldwide. However, given that we are living in an aging
population, this number is predicted to double within the next 25 years.
Currently no treatment strategies are available to halt or slow disease progress
to prevent the advancement of symptoms, which become highly debilitating,
as well as causing a significant socio-economic impact. In order to successfully
treat neurodegenerative diseases, we must firstly understand the mechanisms
underlying their pathology. In recent years, significant advances have been
made in this area. Stephen Ferguson (University of Ottawa) will focus on how
understanding the role of metabotropic glutamate receptors (mGluRs) and
lysosome dysfunction in AD has the potential to lead to the development of
novel treatments for AD. David Park (University of Ottawa) will show how
our understanding of genetic models of PD has enhanced our understanding
of disease mechanisms in PD, particularly in relation to pathways linked with
immune function. Finally, Joanne Nash (Centre for Neurobiology of Stress,
University of Toronto) will discuss how enhancing mitochondrial function
serves as an effective disease – modifying agent in parkinsonism, as well as the
therapeutic potential of this approach in other neurodegenerative diseases.
Panel • Wednesday, 7:30 a.m. - 9:30 a.m. • Cheyenne

73. Novel Roles for Insulin in Motivation and Cognition
Chair: Carrie Ferrario
Presenters: Margaret Rice, Stephanie Borgland, Carrie Ferrario, Stephanie Kullmann

Recent work suggests novel roles for insulin in cognition and motivation, in
addition to its role in the homeostatic regulation of food intake. For example,
insulin influences glutamatergic plasticity via both pre- and postsynaptic
mechanisms, and affects dopaminergic transmission both at the level of the
ventral tegmental area (VTA) and dopamine release at terminals. These data
suggest novel endogenous roles for insulin in the regulation of motivation
as well as the potential to target insulin receptors to improve cognition and
motivational control. This panel will discuss mechanisms by which insulin
alters glutamatergic and dopaminergic transmission within circuits that mediate
motivation, as well as how these effects of insulin may impact cognition.
Margaret Rice (NYU, US) will present recent findings from her group showing
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that insulin-receptor activation enhances local striatal dopamine release and
will discuss how this effect of insulin is altered by chronic food restriction and
diet-induced obesity. Stephanie Borgland (University of Calgary, Canada)
will present her work examining mechanisms of insulin-induced LTD in the
VTA and how this affect is altered by chronic corticosterone treatment and
hyperinsulinemia. Carrie Ferrario (University of Michigan, US) will present
unpublished data describing mechanisms by which insulin enhances excitatory
transmission within the nucleus accumbens (NAc) and the effect of intra NAcinsulin on motivation for food. Finally, Stephanie Kullmann (University of
Tuebingen, Germany) will present data from human fMRI studies investigating
the potential of intra-nasal insulin as a cognitive enhancer and will discuss links
between peripheral insulin resistance and cognitive decline. Overall, this session
will provide an overview of current understanding and key questions regarding
insulin’s effects on neural function and behavior.
Panel • Wednesday, 7:30 a.m. - 9:30 a.m. • Dunraven/Obsidian

74. Neuroimmune Basis of Sickness Behavior-Related
Disorders
Chair: James O’Callaghan
Presenters: Eric Wohleb, Lindsay Michalovicz, Cobi Heijnen, John Bowyer

Recent research in psychoneuroimmunology shows that neuroimmune
dysregulation has profound effects on neuronal function and behavior. This
is shown to cause a broad spectrum of symptoms from transient sickness
behaviors, such as lethargy and anorexia, to chronic mental health issues,
such as major depressive disorder or cognitive deficits. At the molecular/
cellular level, these symptoms are a product of altered peripheral and brain
immune function leading to upregulation of proinflammatory mediators.
Accordingly, behavioral responses are dictated by the magnitude and duration
of neuroinflammation. Typically, this neuroinflammation is resolved over time
with restoration of homeostasis; however, persistent dysregulation is associated
with chronic or recurring behavioral effects underlying varying neurological
diseases. Dr. Wohleb will present his findings integrating neuroimmune
dysregulation with major depressive disorder, highlighting the role of repeated
psychological stressors in disruption of microglial function as a basis of
depression. Dr. Michalovicz will present data on the pathobiology of Gulf War
Illness, a chronic disorder with features of sickness behavior that has persisted
since the 1991 Gulf War. Using DFP and exogenous corticosterone, she will
show that these GW exposures result in marked, persistent neuroinflammation.
Dr. Heijnen will present data from a mouse model of Cisplatin chemotherapy
showing that neuroinflammation and mitochondrial dysfunction seem to
contribute to the chemobrain condition and can be treated with stem cells.
Finally, Dr. Bowyer will focus on the role of brain vasculature in the production
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of the neuroimmune response, illustrating that a variety of exposures can
activate vascular microglia and infiltration of IgG into the brain. Together, the
chair and panelists will lead a discussion on the conditions, cellular sources
and mediators of neuroinflammatory responses that underlie a constellation of
sickness disorder conditions.
Panel • Wednesday, 7:30 a.m. - 9:30 a.m. • Gallatin

75. Goal-Directed Actions and Habits: New Perspectives
and Models
Chair: Mary Torregrossa
Presenters: Jacqueline Barker, Mary Torregrossa, Kyle Smith, Rutsuko Ito

Habits can be advantageous, freeing cognitive resources when we engage
in routine tasks. The inability to engage or inhibit habits, however, could
contribute to illnesses like drug use disorders. The Ann Kelley Memorial Young
Investigators Panel will discuss the balance between goal-directed vs. habit
systems. Using in vivo electrophysiology, Jacqueline Barker (MUSC) finds
that habits are associated with distinct neural activity patterns during response
performance and outcome delivery in the infralimbic prefrontal cortex. Using
optogenetics, she finds a causal role for task-epoch specific alterations in
infralimbic activity in habit expression, suggesting that infralimbic activity
during reward seeking regulates response strategy selection. Mary Torregrossa
(U Pittsburgh) will address habit formation and working memory across
adolescence in rodents. She suggests that adolescents are at risk for developing
substance use disorders because of an increase in the goal-directed system that
promotes reinforcement seeking, and an underdeveloped cognitive control
system, evidenced by poorer working memory performance. She finds that
better working memory is protective against cannabinoid self-administration,
despite neural correlates consistent with habit expression in the infralimbic
cortex. We then shift away from the cortex with Kyle Smith (Dartmouth)
addressing the role of the dorsal striatum in action learning and habits. New
results indicate that particular phasic patterns of activity can dictate how
automatically a behavior is expressed. Finally, Rutsuko Ito (U Toronto)
uses lesions and intracerebral neuropharmacology to show that the ventral
hippocampus is involved in the control of goal-directed actions, challenging the
popular belief that the hippocampus is purely a learning and memory structure.
Her work indicates that different subfields (CA3 vs. CA1) of the ventral
hippocampus are differentially involved in learned approach-avoidance conflict
decision making.
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Panel • Wednesday, 7:30 a.m. - 9:30 a.m. • Gibbon

76. No Bed of Roses: Unmasking Bed Nuclei of the Stria
Terminalis (BST) Mechanisms Underlying Behavioral
Coordination
Chair: Jason Radley
Presenters: Sayamwong Hammack, Jason Radley, Donald Rainnie, Linda Rinaman

The BST is a heterogeneous basal forebrain region defined by extensive
afferent input from limbic regions such as the hippocampus, prefrontal
cortex, and amygdala, and by dense noradrenergic innervation from the
hindbrain. Subdivisions of the BST are further defined by neurochemically
and anatomically distinct subpopulations of CRF, PACAP, and GABAergic
neurons. Some of these BST neurons innervate the neuroendocrine
hypothalamus, while others target several midbrain and hindbrain motor
regions. In spite of this complexity, an overarching theme of BST function
involves its coordination of adaptive behavioral and visceral responses during
salient environmental experiences. The focus of this panel will be to highlight
recent advances in understanding BST mechanisms underlying adaptive and
maladaptive responses to stress, including a potential contribution of the
BST in stress-related anxiety and other mental disorders. Jom Hammack will
discuss the role of BST PACAP expression in mediating the consequences of
chronic stress. Jason Radley will present recent data highlighting a role for the
anteroventral subdivision of BST and divergent neural pathways in coordinating
neuroendocrine and behavioral coping responses to inescapable challenges.
Tig Rainnie will focus on cell type-selective gene expression changes in BST
neurons in response to chronic stress. Finally, Linda Rinaman will discuss
the role of ascending visceral sensory inputs from the hindbrain to the BST in
tuning behavioral stress responsiveness.
Panel • Wednesday, 7:30 a.m. - 9:30 a.m. • Lake

77. Glial Roles in Epilepsy and Epileptogenesis
Chair: John Huguenard
Presenters: Karen Wilcox, Chris Dulla, Daniela Kaufer, Mark Beenhakker

Astrocytes and neurons must function together flexibly to promote and
sustain proper brain function. When this relationship is destabilized,
multiple neurological diseases can arise. In epilepsy, acute, dynamic changes
in neuron/astrocyte communication occur that can promote and/or retard
ictogenesis (production of individual seizures). Similarly, long term changes
in glial function contribute to the process of epileptogenesis (changes in
brain connectivity and function that enhance seizure susceptibility). Our
four speakers will focus on how astrocytes ensure proper brain function, how
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disruption of astrocyte function can predispose the brain to seizure, and will
highlight novel imaging approaches to better understand this complex dynamic.
Karen Wilcox (University of Utah), Title: “A nasty problem with a NASTIE
solution: a novel plasmid for color coding and imaging the tri-partite synapse
following in utero electroporation” will present on a new method for dynamic
imaging of neuro-glial interactions at synapses. Chris Dulla (Tufts University),
Title:”Astrocytic control of inhibitory interneuron maturation: Implications
for developmental epilepsies”, will discuss how astrocytic control of ambient
glutamate controls the maturation of inhibitory circuits and how neonatal
insults can disrupt the fragile balance of this interaction. Daniela Kaufer
(University of California, Berkeley), Title: “Blood brain barrier disruptions in
aging and epilepsy”, will present on TGFbeta signaling in astrocytes related to
breakdown of the blood brain barrier and entry of epileptogenic substances
such as albumin. Mark Beenhakker (University of Virginia), Title: “If you’re
not jacketing your oxygen, then your data are 110% false”, will discuss dynamic
changes in astrocytic/neural function in the context of hypoxia and its influence
on neurotransmitter release and uptake.
Together these presentations will provide a cutting edge discussion of how
astrocytes shape both neuron and network function, how the brain adapts to
excessive neural activity that would be ictogenic, and how this adaptive process
might fail leading to devastating outcomes.
Panel • Wednesday, 7:30 a.m. - 9:30 a.m. • Lamar

78. Cholinergic Transmission and Regulation in the CNS
Chair: Christopher Ford
Presenters: Aphroditi Mamaligas, Stephen Rayport, Bernardo Sabatini

Cholinergic neurons in the central nervous system modulate transmitter
release, plasticity, and neuronal firing patterns across multiple brain areas. In
this panel, speakers will discuss their recent work examining synaptic properties
and mechanisms of regulation of cholinergic neurons in the basal ganglia and
neocortex. In the basal ganglia, acetylcholine is enriched in interneurons in the
striatum, where it functions to regulate excitability in the striatal microcircuit.
Cholinergic terminals from projection areas such as the basal forebrain are
also distributed throughout the cortex, where acetylcholine causes dynamic
changes in cortical network activity. In this panel, Aphroditi Mamaligas (Case
Western) will discuss her work examining M4-muscarinic receptor activation in
response to synaptic release of acetylcholine from cholinergic interneurons in
the striatum. Stephen Rayport (Columbia) will present data on dopaminergic
control of cholinergic interneuron firing. He will discuss the heterogeneity
of cholinergic interneuron firing in response to cotransmission of GABA and
glutamate from dopaminergic neurons in dorsal vs ventral striatum. Bernardo
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Sabatini (Harvard) will discuss how cholinergic afferents into the cortex project
to different postsynaptic targets based on their expression of markers for
multiple other neurotransmitters.

Wednesday Late Afternoon Panel Sessions
Panel • Wednesday, 4:30 p.m. - 6:30 p.m. • Amphitheater

79. Cannabinoid/Opioid Interactions: Analgesia and Abuse
Liability
Chair: Adrianne Wilson-Poe
Presenters: Adrianne Wilson-Poe, Andrea Hohmann, Aron Lichtman, Charles France

The prescription opioid epidemic is one of the greatest health challenges of the
21st century. Opioids are among the most important drugs used to treat pain,
however their use is significantly limited by side effects such as the development
of tolerance and abuse liability. Despite these harmful side effects, opioids
are frequently prescribed for the treatment of a variety of pain disorders, yet
many patients still experience daily pain that is poorly managed by opioids.
Cannabinoid receptor agonists such as delta-9-tetrahydrocannabinol (THC)
also have pain-relieving properties, however their low efficacy and negative side
effects diminish their effectiveness as first-line analgesics. Our understanding
of cannabinoid/opioid interactions is still developing, however emerging
evidence suggests a protective role for cannabinoids against the harmful effects
of opioids, and a simultaneous enhancement of opioid analgesia. Adrianne
Wilson-Poe (chair) will introduce this evidence, and discuss the clinical
implications of cannabinoid/opioid interactions. Andrea Hohmann will discuss
endogenous cannabinoid pain modulation and mechanistic interactions with
opioids. Aron Lichtman will build upon these findings by discussing how
cannabinoids and opioids interact to enhance analgesia and reduce side effects
such as tolerance and withdrawal. Charles France will demonstrate how these
effects on analgesia exist in tandem with cannabinoid attenuation of opioid
reward in primates. There appears to be a high degree of translation of these
findings to humans, given that chronic cannabinoid administration is associated
with a substantial reduction in opioid intake in a variety of pain conditions,
and the apparent ability of cannabinoids to reduce opioid abuse. Considering
the current growth rates of cannabis use and the opioid epidemic, rigorous
mechanistic studies on this drug interaction are highly warranted.
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Panel • Wednesday, 4:30 p.m. - 6:30 p.m. • Canyon

80. Focused Ultrasound for the Treatment of Brain
Diseases: Technology, Preclinical Evaluation, and Clinical
Trials
Chair: Isabelle Aubert
Presenters: Kullervo Hynynen, Isabelle Aubert, JoAnne McLaurin, Nir Lipsman

Transcranial MRI-guided focused ultrasound (MRIgFUS) is used to ablate
specific brain regions in a non-surgical manner. At different parameters and in
the presence of microbubbles, MRIgFUS can locally and transiently increases
the permeability of the blood-brain barrier (BBB). This panel gather experts
in biomedical physics and engineering (Dr. Hynynen), neuroscience (Dr.
Aubert), Alzheimer’s disease (Dr. McLaurin), neurosurgery and FUS-related
clinical trials (Dr. Lipsman). Panelists will discuss FUS research, from device
conception to preclinical studies and clinical trials, particularly for the treatment
of essential tremors, Parkinson’s disease, brain cancer, and Alzheimer’s
disease. Dr. Hynynen will introduce the technology and MRIgFUS thermal
and non-thermal applications, highlighting safety and efficacy. In the context
of Alzheimer’s disease (AD), Dr. Hynynen will provide evidence that FUSinduced BBB permeability, without intravenous therapeutic, reduces amyloid
pathology and improve cognition in a mouse model of AD. Dr. Aubert, will
discuss the effects of MRIgFUS on glial and neuronal plasticity and how it could
be enhanced with therapeutics. Dr. McLaurin will discuss the use of amyloidrelated therapeutics, evaluating whether treatment efficacy can be ameliorated
when combined with FUS. Dr. Lipsman will present MRIgFUS neurosurgical
approaches for patients. He will share his expertise in treating patients with
essential tremors using MRIgFUS, which was approved in July 2016 by the
FDA. Dr. Lipsman will also discuss MRIgFUS clinical trials for patients with
Parkinson’s and Alzheimer’s diseases. The panel will conclude with a discussion
on the tremendous potential, advantages, and notes of caution to establish
safety and efficacy for the use MRIgFUS in the treatment of brain disorders.
Panel • Wednesday, 4:30 p.m. - 6:30 p.m. • Cheyenne

81. 50 Years of Buprenorphine: A Short Look Back and a
Long Look to the Future
Co-Chairs: Sandra Comer and Phil Skolnick
Presenters: Sharon Walsh, Walter Ling, Elliot Ehrich, Phil Skolnick

In response to the current prescription opioid and heroin abuse epidemic,
President Obama and the Department of Health and Human Services
has increased funding for treatment services and expanded access to
buprenorphine, a medication that was approved in 2002 by the Food and
January 28 – February 2, 2017 • Big Sky Resort, Big Sky, Montana

109

Drug Administration for the treatment of opioid use disorder (OUD).
Buprenorphine was first discovered in 1966 by Dr. John W. Lewis, a medicinal
chemist at Reckitt & Colman in Hull, England. Thus, this session represents a
celebration of buprenorphine’s first 50 years. It has a fascinating pharmacology,
with partial agonist activity at the mu subtype of opioid receptors, antagonist
action at kappa opioid receptors, and partial agonist activity at nociception/
orphanin FQ receptors. While initial development of buprenorphine was for
pain relief, for which it was approved in the United Kingdom in 1978 and in the
United States in 1985, it subsequently was assessed as a substitution therapy
for OUD. Currently, buprenorphine is one of the most widely used treatments
for this indication. Dr. Sharon Walsh will discuss several new formulations of
buprenorphine that may represent significant improvements in its therapeutic
benefits for OUD, and reductions in its risk of diversion for illicit use. Dr. Walter
Ling will describe a clinical trial that involved testing of buprenorphine in
combination with the opioid antagonist naltrexone for the treatment of cocaine
use disorder. And Dr. Elliot Ehrich will present data on a combination product
containing buprenorphine and the opioid antagonist samidorphan for the
treatment of depression. Dr. Phil Skolnick will end the session with a discussion
of the challenges associated with the development of new medications to treat
substance use disorders.
Panel • Wednesday, 4:30 p.m. - 6:30 p.m. • Dunraven/Obsidian

82. From the Gut to the Brain: Orchestration of HigherOrder Cognitive Function by Gastrointestinal Signals
Co-Chairs: Scott Kanoski and Carrie Ferrario
Presenters: Karolina Skibicka, Scott Kanoski, Claudia Grillo

Recent findings have established a critical role for endocrine signals released
from the gastrointestinal (GI) tract in controlling a variety of cognitive
processes. While several GI-derived hormones, such as ghrelin, glucagon-like
peptide-1 (GLP-1), and insulin have potent effects on food intake, body weight
regulation, and glucose metabolism through their action in traditional feeding
centers in the brain (e.g., hypothalamus, brainstem), the role of these endocrine
systems in cognition and memory function is only beginning to be examined.
This panel will discuss mechanisms through which ghrelin, GLP-1, and insulin
act on receptors in “higher-order” brain regions, including the hippocampus
and ventral tegmental area (VTA), to influence mnemonic and cognitive
processes of relevance to food intake control. Karolina Skibicka (University
of Gothenburg, Sweden) will present recent findings from her group showing
that GLP-1 and ghrelin receptor activation in the VTA and interconnected
mesolimbic circuitry controls various food-motivated behaviors. Scott Kanoski
(University of Southern California, USA) will present data revealing that GLP-1
and ghrelin act in ventral hippocampal neurons to regulate mnemonic aspects
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of feeding via distinct downstream neural circuitries. Finally, Claudia Grillo
(University of South Carolina, USA) will present data highlighting the critical
impact of hippocampal insulin receptor resistance on cognitive dysfuntion and
impaired neuroplasticity. Overall this session will assimilate novel findings that
support a key role for feeding- and metabolism-relevant GI-derived endocrine
signals in the control of cognitive and mnemonic function.
Panel • Wednesday, 4:30 p.m. - 6:30 p.m. • Gallatin

83. New Insights into the Regulation of Neurotransmitter
Receptors
Chair: Roger Nicoll
Presenters: David Bredt, Andres Maricq, Katherine Roche, Roger Nicoll

In this panel we will discuss some of the latest developments in the regulation
of a variety of neurotransmitter receptors. Bredt will discuss NACHO, a
protein chaperone that specifically assembles neuronal nicotinic acetylcholine
receptors (nAChRs). NACHO controls folding and function of the numerous
pre- and post-synaptic nAChR subtypes in brain. Through this mechanism,
NACHO mediates diverse cognitive, behavioral and pathological processes
associated with nAChRs. Maricq will present his latest findings on NMDA
receptors. Auxiliary proteins are critical modulators of the AMPA and kainate
classes of ionotropic glutamate receptors. However, to date, no auxiliary protein
has been identified for NMDA receptors. He will discuss the identification
and characterization of an auxiliary protein for NMDAR-mediated synaptic
signaling. Roche will discuss mechanisms that stabilize NMDA receptors
at synapses. Specifically, evidence will be presented that PSD-95 plays
diverse roles in the regulation of synaptic NMDA receptors by directly
binding to NMDA receptor subunits, but also by driving the degradation
of the phosphatase STEP61. Finally, Nicoll will discuss his newest findings.
Traditionally the sole function of ionotropic glutamate receptors is to control
membrane excitability through the glutamate gating of their ion pore. However,
there are a growing number of examples of effects of ionotropic receptors
that are independent of this classical role. He will present new data on nonionotropic effects of ionotropic glutamate receptors at hippocampal synapses.
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Panel • Wednesday, 4:30 p.m. - 6:30 p.m. • Gibbon

84. Why do Mitochondria Wipeout in Parkinson’s Disease?
Co-Chairs: Wolfdieter Springer and Dennis Dickson
Presenters: Ted Dawson, Richard Youle, Dennis Dickson, Wolfdieter Springer

Parkinson’s disease (PD) is a progressive neurodegenerative disorder
characterized by selective loss of dopamine (DA) neurons in the midbrain and
bailing of striatal DA depletion that results in the cardinal motor symptoms.
Mitochondria are vital and highly dynamic organelles that serve a plethora
of functions including energy supply, calcium homeostasis, stress response,
and regulation of cell death. Accumulating evidence suggest a pivotal role
of mitochondrial dysfunction in DA neuron susceptibility and disease
pathogenesis that may be shared amongst familial, sporadic, and toxin-induced
forms of PD. After a brief introduction of this terrain, the panel will plough
through the slopes of mitochondrial dysfunction and quality control, traversing
the diverse roles of mitochondria in pathogenesis of PD. In parallel with
nominated mechanisms, therapeutic targets will be discussed. The speakers will
describe pathologic hallmarks of mitochondrial dysfunction as well as recent
biomarker and drug development efforts. Dr. Ted Dawson ( Johns Hopkins
University) will discuss the roles of PINK1 and Parkin in mitochondrial
biogenesis and anti-oxidant defense. His recent data suggest that the PINK1/
Parkin pathway targets the transcriptional repressor PARIS, a negative regulator
of PGC-1alpha. Dr. Richard Youle (NIH/NINDS) will describe the roles of
PINK1 and Parkin during the selective degradation of damaged mitochondria
and will discuss the contribution of this pathway to other forms of PD.
Dr. Dennis Dickson (Mayo Clinic Florida) will summarize mitochondrial
pathologies observed in human PD brain and describe a new biomarker
for the activated PINK1/Parkin pathway. The session will conclude with a
talk highlighting novel avenues for therapeutic development. Dr. Wolfdieter
Springer (Mayo Clinic Florida) will discuss structure-function-based drug
design of small molecules that enhance the enzymatic activity of Parkin and
protective mitochondrial quality control.
Panel • Wednesday, 4:30 p.m. - 6:30 p.m. • Lake

85. Precision Medicine: Beyond One-Size-Fits-All in
Neuropsychiatric Disorders – A Short Educational Course
Chair: Steven Potkin
Presenters: Steven Potkin, Jim Kennedy, C. Anthony Altar

This educational short course will describe precision medicine, its current
status, promise, and limitations. Last year President Obama announced the
launch of the Precision Medicine (PM) Initiative to promote a new focus in
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medicine on delivering the right treatment at the right time to the right person,
by taking into account the individual’s medical and health history, genes,
environment, and lifestyle. Most medical research compares groups of patients
in attempt to identify the best treatment for the average patient. This onesize-fits-all approach has severe drawbacks, e.g. some patients respond to one
medication but not another even from the same pharmacological class, or some
but not all patients develop troublesome side effects to the same medication.
PM uses algorithms to match patient profiles with optimal treatments. For
example, cancer patients already routinely undergo molecular testing that
enables physicians to select the most appropriate treatments and greatly reduce
adverse side effects and increase chances of survival. Our short course will
summarize this approach as applied to neuropsychiatric disorders. Steven
Potkin (UC Irvine) will chair and present an overview of the current use and
utility of the PM approach as applied to antipsychotic treatments. Jim Kennedy
(U Toronto) will focus on examples of weight gain, side-effect prediction, and
smoking on drug pharmacokinetics and efficacy. Tony Altar (NeuroDrugs)
will describe the application of pharmacogenomics to the selection and dosing
of medications used in treatment of major depression and anxiety, covering
strengths and limitations of this approach. Each speaker will welcome questions
and discussion to help inform attendees and push this innovative field forward.
Panel • Wednesday, 4:30 p.m. - 6:30 p.m. • Lamar

86. Cortico-Hippocampal Interactions Supporting
Cognition and Behavior
Co-Chairs: Andrew Maurer and Matthijs van der Meer
Presenters: Matthijs van der Meer, Amy Griffin, Shantanu Jadhav, Ehren Newman

The hippocampus is often described as playing a critical role in assembling
cortical activity into a purposeful representation, storing information, and
relaying activity back to the cortex when necessary. While theories of this sort
have been used to describe multiple neuropsychological phenomena and are
often accepted as dogma, we currently only have a limited understanding of
the actual cortico-hippocampal interactions that support higher cognition
and behavior. Therefore, this symposium will discuss ongoing research from
multiple laboratories seeking to untangle the “the system at large” and the
hippocampus’ role as ringmaster. Andrew Maurer (co-chair; University of
Florida) will provide introductory comments and lead discussion of the
presentation. Matthijs van der Meer (co-chair; Dartmouth College) will
present data on the neural representations and transformations that underlie
cognitive processes such as deliberation, inference, and planning. As the
regions that support deliberation also play a role in learning and memory, Amy
Griffin (University of Delaware) will provide insights to the neurodynamics
between structures that support learning and memory. Shantanu Jadhav
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(Brandeis University) will expand on this, delving into the neural basis of
fine timescale structure, and causal contributions of hippocampal-prefrontal
cortical interactions. Ehren Newman (Indiana University) will discuss the role
of hippocampal-septal-entorhinal cortex circuit in memory encoding. Lastly,
the panelists will provide an overview of cortico-hippocampal interactions,
consider ongoing problems and controversies and the direction of the field in
the future.

Thursday, February 2, 2017

Thursday Morning Panel Sessions
Panel • Thursday, 7:30 a.m. - 9:30 a.m. • Amphitheater

87. Ion Channels, Receptors and Cell Structure that Define
Dopamine Neurons
Chair: John Williams
Presenters: Rebekah Evans, Stephanie Gantz, Nora McCall, Brooks Robinson

Dopamine cells in the ventral midbrain are a diverse group involved in
multiple functions including movement, motivation and reward. This panel
will present work in acutely isolated cells and brain slices that examine ion
conductances, receptors and receptor distribution in dopamine neurons.
John Williams (not presenting) will introduce a panel of young investigators
that are leading the charge toward an understanding of the mechanisms that
regulate the activity of dopamine neurons. Rebekah Evans will present work
showing that two subpopulations of substantia nigra (SNc) dopamine neurons,
previously defined by molecular composition, have distinct intrinsic and
synaptic properties. These properties include differences in the T-type calcium
conductance, which triggers regenerative dendritic calcium events in only one
subpopulation. Stephanie Gantz will present recent work on a cannabinoid
receptor-independent action of the endocannabinoid 2-arachidonolyglycerol
(2-AG) on somatodendritic ion channels in dopamine neurons and the
consequence of these actions on intrinsic excitability. Nora McCall will present
work with dopamine neuron-specific G protein-gated inwardly-rectifying
potassium (GIRK) channel knockout mice suggesting the unique GIRK
channel expressed in dopamine neurons influences cell excitability and druginduced behavior. Brooks Robinson will present work showing a unique and
selective distribution of D2 receptors on dopamine neurons. Together these
presentations indicate the complexity and wonder of these important neurons.
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Panel • Thursday, 7:30 a.m. - 9:30 a.m. • Canyon

88. Psychiatry Meets Neurology via Vascular Biology:
Merging Stress with Vascular Triggers, Responses, and
Outcomes
Chair: Miles Herkenham
Presenters: Paul Marvar, Miles Herkenham, Gretchen Neigh, Gregory del Zoppo

Many neurological disorders involve compromised brain vasculature.
Surprisingly, psychological stressors may trigger similar but more subtle
cerebrovascular compromises that may be important in the etiology of
psychiatric disorders. Marvar (GWU) will introduce the topic with a focus on
stress (e.g., PTSD), cardiovascular disease (CVD), and the renin-angiotensin
system (RAS), which is important in both stress-related disorders and
peripheral vascular regulation. The RAS may promote peripheral and central
immune responses and contribute to the persistence of a fear memory and
co-morbid CVD in PTSD. Herkenham (NIMH) will show that chronic social
defeat stress in stress-susceptible mice alters gene expression in the medial
prefrontal cortex suggesting that the cerebral vasculature and blood-brain
barrier (BBB) are affected. Anatomical evidence shows BBB breakdown,
vascular microdamage, and microglial oxidative stress responses. Blocking
oxidative stress eliminates the vascular damage and renders mice resilient to
social defeat. Neigh (VCU) will show that chronic stressor exposure either in
utero or in adulthood affects mood and causes reduced vascularization of the
hippocampus; in utero effects can be modified by gestational antidepressant
treatment. Adolescent exposure to high fructose diet in both rodents and
macaques alters mood and vascularization of the hippocampus in adulthood.
del Zoppo (U Wash) will provide mechanistic details about vascular responses,
showing the importance of endothelial cell adhesion to the subjacent basal
lamina in response to focal injury. Endothelial β1-integrin adhesion can
modulate tight junction protein expression, implying that abluminal events
could modulate permeability. Extravasation of plasma matrix proteins during
edema and hemorrhage can activate microglia with release of matrix proteases.
Overall this panel will highlight interacting neural and vascular events and
discuss their role in neurologic and psychiatric disorders.
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Panel • Thursday, 7:30 a.m. - 9:30 a.m. • Cheyenne

89. Epigenetic Regulation of Motivated Behaviors
Co-Chairs: Zuoxin Wang and Mohamed Kabbaj
Presenters: Jian Feng, Courtney Miller, Marcelo Wood, Xin-Yun Lu

Interplay between genes and the environment plays a critical role in the
development of normal and abnormal cognitive and behavioral functions.
Accumulating evidence has indicated that the environmental factors may shape
the brain and behavior via epigenetic events by modulating gene transcriptional
activity without altering the DNA sequence. Epigenetic mechanisms have
been implicated in a variety of cognitive and behavioral functions including,
but not limited to, learning and memory, anxiety, stress, social behaviors, eating
disorders and substance abuse. In humans, epigenetic changes in the brain have
also been linked to major psychiatric disorders such as schizophrenia, bipolar
disorder, and major depressive disorders.Although it is well recognized that
positive and negative environmental factors and experiences either during early
development or in adulthood can trigger epigenetic events shaping animal
behavior, we still know little about the underlying molecular and neurochemical
mechanisms. Here, we propose this symposium to highlight recent research
in animal models demonstrating the neurochemical underpinnings of the
epigenetic regulation of motivated behaviors. Dr. Jian Feng will discuss the role
of DNA cytosine oxidation in cocaine action. Dr. Courtney Miller will unravel
how histone methylation mediates methamphetamine-associated memory. Dr.
Marcelo Wood will demonstrate the role of epigenetic events on long-term
memory formation and intellectual disability. Dr. Xin-yun Lu will discuss
maternal imprinting in controlling hedonic motivation. Finally, Dr. Mohamed
Kabbaj (co-Chair) will describe epigenetic regulation of social bonding in
the socially monogamous prairie voles. We believe that these speakers will
provide a complimentary and comprehensive overview of this timely, important
research topic, which is novel and innovative and will be of great interest to the
WCBR members.
Panel • Thursday, 7:30 a.m. - 9:30 a.m. • Dunraven/Obsidian

90. The Dopamine D2 Receptor: From Slice to Behavior
Chair: Kim Neve
Presenters: Christopher Ford, David Sibley, Daniela Radl, Anandakumar Shunmugavel

For more than a decade after the molecular cloning of the dopamine receptors
and other G protein-coupled receptors, there was a dividing line between
structural/molecular studies of the receptors that were carried out usually
in non-neuronal cells and pharmacological/behavioral studies carried out in
vivo or ex vivo. It was reasonable to question whether phenomena studied in
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cell lines such as the coupling of one receptor subtype to multiple G proteins
and signaling pathways were physiologically relevant. The line between these
two types of studies has become increasingly blurred over the past 10-15
years with the availability of new tools and methods, as well as our deeper
understanding of the structural basis of receptor activation, and is now almost
non-existent. In this panel we use the dopamine D2 receptor to illustrate
the impact of these tools on current G protein-coupled receptor research.
Chris Ford will present his work using virally expressed G protein-regulated
potassium channels for regional characterization of D2 receptor signaling in
the mouse nucleus accumbens and neostriatum. David Sibley will discuss the
role of functional selectivity in D2R signaling using a G protein-biased agonist
and biased receptor mutants. Daniela Radl will present work obtained using
the D2 isoform-specific knockout mice as tools to unravel the function of each
D2 isoform in vivo. Results will be presented on the behavioral and molecular
responses of these mice to dopamine agonists and antagonists. Finally,
Anandakumar Shunmugavel will discuss his use of functional connectivity
fMRI to investigate methamphetamine-induced strengthening of neural circuits
in mouse brain and the role of the D2 receptor in that effect. Kim Neve will
provide introductory comments.
Panel • Thursday, 7:30 a.m. - 9:30 a.m. • Gallatin

91. Replication, Reproducibility, Rigor and Robustness:
How and Why This Affects You
Chair: Kathie Olsen
Presenters: Thomas Parks, Oswald Steward, Katja Brose, James (Jim) Olds

While the three R’s once referred to the foundations of a basic skills-oriented
education program in schools: reading, writing and arithmetic, the scientific
enterprise now is looking at a new set of R’s: Replication, Reproducibility,
Rigor and Robustness for their fundamentals. As Oswald Steward penned in
a recent editorial: “What does a failure to replicate mean?” (http://eneuro.
org/content/3/4/ENEURO.0072-16.2016). Does it mean that you need to
ski an extra bump run on Challenger? This panel will address this impinging
challenge from the perspective of the university (Dr. Thomas Parks, Utah); Sf N
and other scientific societies (Dr. Oswald Steward, UC-Irvine), publishing (Dr.
Katja Brose, Cell/Neuron) and the federal government (Dr. James L. Olds,
NSF). During the open dialog, each will discuss what is being done to enhance
scientific rigor while hoping to minimize any unintended consequences. For
example, Dr. Brose will provide insights on an initiative rolled out at Cell and
what will follow for Neuron in early 2017. Dr. Olds will address the challenges
of differentiating between scientific misconduct and reproducibility from the
federal stakeholder perspective. Although there is a strong public interest in
new medical and scientific discoveries, and Americans express high confidence
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in and support for our scientific community, it will be important for us as
neuroscientists to be proactive to tackle the R’s together so as to prevent an
embarrassing public tumble down Tippy’s Run.
Panel • Thursday, 7:30 a.m. - 9:30 a.m. • Gibbon

92. Molecular Mechanisms of the Transition From Acute to
Chronic Pain
Chair: Juan Carlos Marvizon
Presenters: Sarah Woller, Juan Carlos Marvizon, George Wilcox, Helene Beaudry

There is increasing evidence that chronic pain represents a profound alteration
of the mechanisms that transmit and control pain. This panel presents new
findings on some of the key molecules involved in this alteration. Sarah Woller
will talk about the role of the innate immune system in the transition to chronic
pain. Using a model of arthritis, they found that male mice, but not female
mice, transition to a persistent post-inflammatory pain state. This transition is
dependent on toll-like receptor 4 (TLR4) signaling in males, whereas in females
TLR4 and other signaling molecules differ in their function. Juan Carlos
Marvizon will present studies on Latent Sensitization (LS), a continuous state
of hyperalgesia that is suppressed by spinal opioid and adrenergic receptors.
Remarkably, the opioid receptors are not activated by opioid release but
are constitutively active. Similar to what is found in chronic pain, stress and
corticotropin releasing factor induce temporary hyperalgesia in animals with
LS, probably by suppressing a descending pain inhibition pathway. George
Wilcox will show that the protein HINT-1 (histidine triad nucleotide binding
protein 1) mediates the regulation of NMDA receptors by mu-opioid receptors,
measured as the reduction by morphine of NMDA-mediated currents and
NMDA-induced behaviors. HINT-1 inhibitors block this reduction and also
the induction of morphine tolerance and hyperalgesia produced by nerve
injury. Helene Beaudry will talk about the role of peripheral opioid receptors
on somatosensory neurons. Using novel optogenetic mouse lines, peptidergic
or non-peptidergic neurons can be selectively activated with light. In naïve
animals, intradermal opioids have no effect on light-induced pain. Interestingly,
in neuropathic animals, opioids significantly decrease pain induced by
activation of either peptidergic or non-peptidergic afferents, suggesting an
upregulation of opioid receptors in chronic pain conditions.
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Panel • Thursday, 7:30 a.m. - 9:30 a.m. • Lake

93. Novel Approaches to Identifying Monoamine Circuits
in Aggression
Co-Chairs: Katherine Nautiyal and Larry Zweifel
Presenters: Mark Ansorge, Katherine Nautiyal, Tedi Asher, Larry Zweifel

Monoaminergic control of aggression is well established, but the neural circuit
and signaling mechanisms that regulate this behavior are poorly resolved. This
panel will include discussions from experts on the topic who will define novel
interactions between dopamine and serotonin in the regulation of aggression
circuits. First, Mark Ansorge will describe his research on a peri-adolescent
sensitive period during which altered dopamine and serotonin signaling affects
adult aggression and impulsivity in mice. The aggressive behavior is associated
with altered activity of dopaminergic neurons in the ventral tegmental area
which have projection-specific effects on the phenotype. Next, Kate Nautiyal
(Hen Lab) will discuss her work on the impulsive aggressive phenotype of
mice lacking serotonin 1B (5-HT1B) receptors. The aggression is modulated
by 5-HT1B heteroreceptors located on striatal GABAergic neurons during
the peri-adolescent sensitive period and is associated with increases in
extracellular dopamine levels in the dorsal striatum (dS). In vivo calcium
imaging demonstrates 5-HT1B modulation of dopamine sensitive neurons in
the dS. Next, Tedi Asher will describe work from the Dymecki Lab isolating
discrete populations of dopamine-receptive serotonin cells in the modulation
of aggressive behavior. These subtypes, expressing either dopamine receptor
type 1 (D1R) or dopamine receptor type 2 (D2R) both regulate male territorial
aggression, with D2R neurons also influencing impulsivity. These behavioral
phenotypes were mirrored in the constellation of target areas innervated by
each subtype. Finally, Larry Zweifel will discuss the identification of a novel
population of dopamine receptive (D1R) neurons in the medial posteroventral
amygdala (MeAPV). MeAPV-D1R neurons regulate distinct aspects of innate
social and defensive behavior through different neurochemical projections that
point to bidirectional control of these behaviors and a dissociation of fear and
aggression.
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Panel • Thursday, 7:30 a.m. - 9:30 a.m. • Lamar

94. Targeting cAMP Dysregulation in Fragile-X:
From Model Organisms to Patients
Chair: Mark Gurney
Presenters: Sean McBride, Francois Bolduc, Mark Gurney, David Nelson

Fragile-X syndrome (FXS) causes intellectual disability (ID) and autism
spectrum disorder (ASD) through expansion of an unstable, CGG triplet
repeat with subsequent silencing of the fragile-X mental retardation-1 (FMR1)
gene on the X chromosome. FXS is the most common monogenic disorder
associate with ID and ASD affecting 1 in 3,600 males and 1 in 4,000 – 6,000
females. Females generally are less affected than males due to mosaicism
resulting from X-chromosome inactivation which occurs randomly early in
embryogenesis. The syndrome can be modeled in mice and in Drosophila
by deletion of the Fmr1 gene in mice and the highly conserved dfmr1 gene in
the fly. Sean McBride (Rowan University) will give an overview of the FXS
clinical syndrome and will describe dysregulation of cAMP metabolism as a
consistent finding that has been replicated in the mouse and fly FXS models.
These studies point to PDE4 as a potential therapeutic target for FXS. Francois
Bolduc (University of Alberta) will discuss cAMP dysregulation in the Fragile
X fly and mouse model and treatment with PDE-4 inhibitors or genetic
reduction of PDE-4. Studies demonstrate the memory in the fly model of FXS
can be rescued with PDE-4 inhibitor treatment and by genetic reduction of
PDE4 activity. Additionally, chronic treatment or acute treatment with PDE-4
inhibitors in adulthood can restore normal mGluR-dependent long term
depression in the CA1 region of the FXS mouse brain. Mark Gurney (Tetra
Discovery Partners) will focus on PDE4D, one of the four PDE4 isoforms, and
discuss the discovery and early human clinical experience with BPN14770,
a first-in-class, PDE4D subtype selective, negative allosteric modulators
(PDE4D-NAMs) that has potent cognitive benefit by augmenting signaling
through the cAMP/PKA/CREB pathway while limiting emetic side effects.
BPN14770 improves multiple behavioral outcomes in the mouse FXS model
while improving dendritic spine maturation. David Nelson (Baylor) will
provide an overall picture of how the study of Fragile X can inform the study of
other ASDs and neurodegeneration and will discuss characterization of the rat
model of Fragile X.
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Thursday Pioneer Panel Session 1:
Miles Herkenham
Pioneer Session • Thursday, 9:45 a.m. - 10:45 a.m. • Cheyenne

95. Immune and Other Alt-Synaptic Signaling Mechanisms
Pioneer: Miles Herkenham
Junior Investigators: Constance Harrell and Stephanie Gantz

The brain exists to communicate with the outside world, but not all
communication is synaptic and point-to-point between neurons. My research
at the NIH over the past 40 years has emphasized widespread “alt-synaptic”
communication. First, thalamocortical tract-tracing studies showed diffuse
“nonspecific” projections to superficial and deep layers of widespread areas
of cortex, likely subserving integrative and arousal functions. Then, with
the revolution in techniques for chemical coding of neuronal pathways,
autoradiographic receptor localization revealed vast amounts of nonsynaptically localized receptors that could serve as the substrate for diffuse
paracrine signaling mechanisms. One finding was of the distribution of
cannabinoid receptors, now well-known to participate in retrograde signaling
from dendrites to axons. Further research identified a bewildering variety
of communication mechanisms not just between neurons but also between
neurons and glia and between the brain and peripheral organs. These
discoveries led to a decades-long search to understand alt-synaptic pathways
that modulate neuronal signaling and mediate behavioral outcomes relevant to
psychiatric mood disorders. Neuroimmune signaling followed neuroendocrine
signaling as the lab’s research focus in the past two decades. We now study how
the brain responds to and generates immune signals via the activity of cells
within the brain (microglia) and outside the brain (lymphocytes). Chronic
social defeat stress programs microglia within the brain and lymphocytes in
the peripheral immune system that in turn alter the neuronal environment
that can be detected as alterations in rates of hippocampal adult neurogenesis,
microglial activation states, and affective behavior measured in tests of anxiety
and depressive-like states in rodents. Work to be presented explores causal
relationships between the immune responses and affective behavior in the
psychosocial stress model.
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Thursday Pioneer Panel Session 2: Roger Nicoll
Pioneer Session • Thursday, 10:45 a.m. - 11:45 a.m. • Cheyenne

96. Long-Term Potentiation: What is Downstream of
NMDA Receptor Activation?
Pioneer: Roger Nicoll
Junior Investigators: Dayton Goodell and Feng Yi

This talk will focus on the role of calcium and CaMKII in long-term
potentiation (LTP). It has long been established that a rise in calcium is
required for LTP. A number of calcium-activated kinases have been considered
to be downstream of calcium, including PKC, PKA, and CaMKII. Biochemical,
genetic and electrophysiological evidence has focused most of the attention
on CaMKII. There are two isoforms of CaMKII at hippocampal excitatory
synapses: CaMKIIα and CaMKIIβ. Although most reviews on CaMKII state
that it is “necessary and sufficient”, the actual data do not support such a bold
statement. Most studies, in which CaMKIIα has been genetically deleted in
mice, only reduce LTP by approximately 50%. What accounts of the remaining
50%? Equally puzzling is the fact that deleting CaMKIIα, has no effect on
baseline synaptic responses. One would expect that deleting a protein that is
proposed to provide the memory, i.e., a persistent increase in AMPA receptormediated excitatory transmission, would decrease baseline transmission, i.e.,
erase the accumulated memories prior to the experiment. To address these
issues we (Dr. Salvatore Incontro and myself) have used CRISPR technology
to delete either one or both isoforms and recorded the effects of these deletions
on excitatory synapses. We have also expressed mutated isoforms of CaMKII on
the null background. These ongoing experiments will be addressed during the
presentation.

Thursday Pioneer Panel Session 3:
Suzanne Zukin
Pioneer Session • Thursday, 11:45 a.m. - 12:45 p.m. • Cheyenne

97. Epigenetic Remodeling of Synaptic NMDA Receptors in
Brain Development
Pioneer: R. Suzanne Zukin
Junior Investigators: Sarine Janetsian-Fritz and Kristina Valentonova

NMDA receptors (NMDARs) are critical to synaptogenesis, neural circuitry
and higher cognitive functions. A hallmark feature of NMDARs is an early
postnatal developmental switch in receptor subunit composition from primarily
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GluN2B- to primarily GluN2A-containing receptors. This is significant
in that GluN2B expression can restrict synaptic incorporation of AMPA
receptors, reduce the threshold for and enhance the magnitude of LTP, and
promote hippocampal-dependent learning, plasticity-induced spine growth
and dendritic patterning. Although the switch in phenotype has been an area
of intense interest for nearly two decades, the mechanisms that trigger it and
the link between experience and switch in NMDARs are unclear. We recently
discovered a novel role for the repressor REST in the developmental switch
in synaptic NMDARs. We found that REST is activated at a critical window
of time during postnatal development and acts via epigenetic remodeling to
repress GluN2B expression and alter NMDAR properties at rat hippocampal
synapses. Acute knockdown of REST by direct delivery of shRNA into the
hippocampus of intact rats prevents the decline in GluN2B and switch in
NMDAR phenotype. These findings establish a causal relation between RESTdependent epigenetic remodeling and the switch in NMDARs. We further
show that adverse experience in early life in the form of maternal deprivation
disrupts activation of REST and acquisition of the mature NMDAR phenotype.
More recently, we found that the polycomb protein EZH2 is co-activated with
REST in neurons during postnatal development and identified suppression of
β-TrCP, an E3 ligase involved in proteasomal degradation, as an upstream signal
that coordinately regulates REST and EZH2 in young neurons. These findings
document a pivotal role for REST and EZH2 in experience-dependent finetuning of genes involved in synaptic plasticity and enhance our understanding
of NMDAR function as it pertains to memory, cognition and information flow.

Special Issue Workshop
Special Workshop • Thursday, 3:00 p.m. - 4:15 p.m. • Cheyenne

98. Can We Really Repair the Brain?
Co-Chairs: Herbert Geller and James Fawcett
Presenters: Herbert Geller, Joel Levine, James Fawcett, Edward Hall

The goal of this special workshop is to stimulate discussion and address the
problem of brain repair. At present, recovery of function after brain or spinal
cord injury is minimal, and there are no successful treatments. Each of the
panelists will present a few slides to illustrate their approach to this problem. Dr.
Geller will present data on the existence of molecules that inhibit axon growth
and how they might be overcome. Dr. Levine will present data on the role of
the proteoglycan NG2 and oligodendrocyte progenitory cells in modulating
axonal growth and regeneration. Dr. Fawcett will discuss how manipulation
of signals intrinsic to neurons can promote axonal growth. Dr. Hall will
discuss the role of oxidative stress and the potential of altering oxidative stress
to promote regeneration. While these are the invited presenters, the format
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of the workshop is to allow anyone with an interest in the topic to present
several slides, and all in attendance will be actively invited to participate in the
discussion. It is hoped that this session will highlight appropriate areas for
further study.

Thursday Late Afternoon Panel Sessions
Panel • Thursday, 4:30 p.m. - 6:30 p.m. • Amphitheater

99. Excessive Protein Translation in Fragile X Syndrome
Chair: R. Suzanne Zukin
Presenters: R. Suzanne Zukin, Gary Bassell, Oswald Steward, Elizabeth Jonas

Fragile X syndrome (FXS) is the most common heritable form of intellectual
disabilities and a leading genetic cause of autism. The primary cause of FXS is
lack of fragile X mental retardation protein (FMRP), an RNA-binding protein
that tightly controls the localization, stability and translation of a large array
of RNAs. Ground-breaking discoveries in this area in the past several years
implicate elevated translation as an important theme in the impaired synaptic
plasticity, spine morphology and cognitive impairments associated with Fragile
X. This panel will highlight recent developments in our understanding of
mechanisms underlying aberrant protein translation in FXS. Suzanne Zukin
(speaker and Chair) will discuss recent findings that overactivated mTOR
and impaired cofilin signaling are causally related to excessive translation and
aberrant spine structure at hippocampal synapses of Fragile X mice. Gary
Bassell (speaker) will discuss new evidence implicating ubiquitination in the
loss of translational repression and excessive activation of local protein synthesis
in dendrites and spines. He will discuss a single-molecule imaging assay to
analyze FMRP-dependent de novo ubiquitination events in dendrites. Os
Steward (speaker) will discuss NMDA receptor-dependent, ERK-dependent
activation of ribosomal protein S6, a key player in protein synthesis, at
synapses. He will discuss evidence that whereas synaptic activation of S6 is
ERK-dependent, activation in the cell body is mTOR-dependent. Elizabeth
Jonas (speaker) will discuss exciting new findings that FMRP localizes
to mitochondria and that neurons from Fragile X mice exhibit a reduced
mitochondrial membrane potential and enhanced association of mitochondria
with ribosomes. These new findings shed light on mechanisms underlying
aberrant synaptic plasticity and autism-relevant behaviors in Fragile X mice.

124

50th Annual Winter Conference on Brain Research

Panel • Thursday, 4:30 p.m. - 6:30 p.m. • Canyon

100. Prefrontal Cortex: Inhibitory Control, Reward, and
Associated Memories
Chair: Lique Coolen
Presenters: T. Celeste Napier, Lindsey Kuiper, Brandon Warren, Valerie Voon

The medial prefrontal cortex (mPFC) is a complex neural substrate that
regulates many aspects of reward behavior, associated learning and memory
processes, and inhibitory control; components of compulsive behavior. This
is a rapidly advancing field. This symposium will overview a diversity of
recent advances in our understanding of neuronal functions, ensembles, and
alterations during various reward and compulsive behavior in a variety of
rodent models and humans. The symposium will start with a brief overview
of the general topic and neuroanatomy of the mPFC in rodent and human
by the chair Dr. Lique Coolen (Professor, University of Mississippi Medical
Center). Then, Dr. Celeste Napier (Professor, Rush University) will present
her recent findings regarding mPFC dysregulation subsequent to cocaine
exposure in an HIV-1 transgenic rat model for HIV/AIDS. In HIV-1-infected
humans, the mnemonic deficits are worsened by cocaine abuse and imaging
studies show reduced function within the mPFC. Using HIV-1 transgenic rats
trained to self-administer cocaine, Dr. Napier’s laboratory recently revealed
an underlying channel pathology for this comorbid state. Next, Lindsey
Kuiper (PhD candidate, University of Mississippi Medical Center) will
discuss a role for mPFC in the comorbidity of methamphetamine addiction
and compulsive sex behavior using rat models of conditioned sex aversion
and drug self-administration. She will provide evidence of long term neural
alterations in the mPFC following experience with methamphetamine and
sexual behavior. Finally, she will present evidence that mPFC neurons regulate
learned associations between drug and sex reward using chemogenetic silencing
of mPFC neurons. The third speaker is Dr. Brandon Warren (Postdoctoral
fellow, NIDA) who will speak about the role of mPFC neuronal ensembles in
extinction memory for food reward. Dr. Warren utilizes a cFos-LacZ transgenic
rat model which allows for selective silencing of activated neuron ensembles.
Using this Daun02 chemogenetic inactivation procedure he will demonstrate
that cFos-expressing neuronal ensembles in the ventral mPFC mediate both
food reward and extinction memories. The final speaker, Dr. Valerie Voon
(Senior Research Associate, Cambridge University, UK) will provide evidence
from human imaging studies utilizing fMRI, for conditioned cue-induced
neural activation in PFC in healthy and compulsive subjects. Moreover, she will
demonstrate that functional disruption of the PFC-striatum circuits contributes
to compulsive behavior in human subjects.
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Together, these presentations provide multiple perspectives to an area of
research that is timely and innovative, and will be of interest to a broad
neuroscience audience.
Panel • Thursday, 4:30 p.m. - 6:30 p.m. • Cheyenne

101. Epigenetic Slopes to Alcohol and Drug Addiction
Chair: A. Leslie Morrow
Presenters: Subhash Pandey, John Bohnsack, R. Dayne Mayfield, Kornel Schuebel

This translational panel will focus on new evidence that modifications in the
epigenome play a key role in the development of alcohol and drug addiction.
Subhash Pandey of UIC, Chicago will present pioneering evidence that
histone acetylation and methylation determine various alcohol relatedphenotypes such as anxiety-like behaviors using both adult and adolescent
alcohol exposure using animal models. Peyton Bohnsack of UNC, Chapel
Hill will provide evidence that chronic ethanol exposure-induced reductions
in GABA-A receptor expression, zolpidem sensitivity and locomotor
behavior are dependent upon histone deacetylase 2/3 and may be restored by
pharmacological and genetic strategies including targeted acetylation of the
Gabra1 promotor using CRISPR-Cas9-P300. Dayne Mayfield of UT, Austin
will present global gene expression data from human post-mortem brain and
mouse synaptoneurosomes indicating alcohol regulation of non-coding RNAs
including microRNAs (miRNA) that modify voluntary alcohol consumption.
Data will show knockdown and overexpression of various miRNAs, particularly
miR411, modulates ethanol consumption. Kornel Schuebel of NIAAA
Rockville will present epigenetic regulation of genes identified by ChIp-seq
that underlie the persistent effects of adolescent nicotine exposure to alter
cortical neuron morphology and behavior. Studies show that Ash2l or Mef2c
interactions at histone methylation marks as well as their knockdown and
overexpression modulate nicotine-induced alterations in neuronal structure
and passive avoidance behavior. Leslie Morrow of UNC will provide a brief
overview of the panel and the importance of epigenetic mechanisms of gene
regulation and lead the discussion after each presentation. Together, these talks
will exhibit the significance of epigenetics to the field of addiction and provide
new hope for interventions that may eventually ameliorate human suffering.
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Panel • Thursday, 4:30 p.m. - 6:30 p.m. • Dunraven/Obsidian

102. Traumatic Brain Injury-Induced Inflammatory,
Biochemical and E-I Imbalances Contribute to a Complex
Pathology Underlying a Significant Unmet Clinical Need
Chair: Akiva Cohen
Presenters: Edward Hall, Susanna Rosi, Cesar Borlongan

Traumatic Brain Injury (TBI) afflicts up to 1.5 million people in the United
States each year and even mild TBI can lead to a vast array of long-lasting
neurological impairments including deficits in learning and memory. Despite
its prevalence, no therapy currently exists to treat the alterations underlying
pathologies caused by TBI. What makes TBI such a difficult problem are the
host of pathologic mediators that alter cells and their circuits. Therefore it is
necessary to understand how inflammatory, biochemical and electrophysiologic
alterations contribute to cognitive impairment. The central goal of this
panel is to highlight a comprehensive approach to delineate alterations in
the frontolimbic system that may contribute to the behavioral impairments
caused by TBI. Specifically this panel will focus on cortical and hippocampal
biochemical/metabolic, neuroinflammatory and Excitatory/Inhibitory (E/I)
alterations that underlie TBI-induced pathologies. Akiva S. Cohen (CHOP/
UPENN) will provide introductory comments. Ed Hall (UK) will discuss
biochemical/metabolic alterations in the cortex and hippocampus that can
be reversed via natural products (sulforaphane, carnosic acid) from herbs
and vegetables that activate the Nrf2-antioxidant response element pathway
that produces a multi-mechanistic neuroprotective response. Susanna Rosi
(UCSF) will then present novel data documenting the ability to measure
non-invasively macrophage polarization using in vivo metabolic imaging,
namely hyperpolarized 13C Magnetic Resonance Spectroscopic Imaging.
Cesar Borlongan (USF) will then discuss TBI-induced cellular alterations in
proximity to and remote from the impact site during acute and chronic phases,
with emphasis on the inflammatory response and the potential of stem cell
therapy. Finally, Akiva Cohen will discuss regional alterations in hippocampal
E/I balance which underlie and contribute spatial object recognition
impairments and are mitigated by dietary therapy.
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Panel • Thursday, 4:30 p.m. - 6:30 p.m. • Gallatin

103. Anatomical and Functional Specialization of
Dopamine Signals and Their Dysregulation in Psychiatric
Disease
Co-Chairs: Ingo Willuhn and Erin Calipari
Presenters: Larry Zweifel, Ingo Willuhn, Arif Hamid, Erin Calipari

The striatum plays an integral role in the acquisition and execution of goaloriented behaviors and mediates reward learning for both natural and drug
reinforcers. Dopamine released in the striatum is closely involved in both
motivation and reinforcement-driven learning. However, the message conveyed
by dopamine signals is under active debate. This panel will present new data
that is emerging from diverse novel approaches that converge upon the notion
that discrete dopaminergic projections control reward learning and motivation.
The panel will include discussions from leading experts that integrate cuttingedge techniques to extend our understanding of the pathway-specific regulation
of various dopaminergic projections. Further, it will explore several different
mechanisms of dopamine regulation and the molecular dysregulation within
these processes that may underlie drug addiction. First, Larry Zweifel (The
University of Washington) will outline the genetic isolation and function of
distinct dopamine subpopulations in the VTA with specialized projections to
subregions of the ventral striatum. Next, Ingo Willuhn (Netherlands Institute
for Neuroscience) will expand on the regional specificity of dopamine signals
(ventral versus dorsal striatum), showing data that such signals can support
both learning and motivation in a task-dependent manner. Arif Hamid
(University of Michigan) will speak on divergent activity of dopamine neuron
firing in the midbrain, potentially encoding a reward prediction error, and
dopamine terminal activity, potentially encoding value. Finally, Erin Calipari
(Icahn School of Medicine at Mount Sinai) will discuss her work on the
role of dopamine projections to the ventral striatum in sex-specific reward
processing, and the molecular mechanisms by which females in estrus form
stronger associations between drugs and predictive cues, increasing drug abuse
vulnerability.
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Panel • Thursday, 4:30 p.m. - 6:30 p.m. • Gibbon

104. Neuromodulator Signaling and Neuron-Glial
Interactions
Co-Chairs: Lindsay De Biase and David Stellwagen
Presenters: Lindsay De Biase, David Engblom, David Stellwagen, Martin Paukert

Neuromodulators such as dopamine and norepinephrine exert potent effects
on neuronal activity and synaptic plasticity and influence alertness, motivation,
and operant learning. Astrocytes and microglia can modulate neuronal function
and synaptic transmission through release of soluble signaling factors and
physical interaction with synaptic elements. However, little is known about
how neuromodulators shape neuron-glial interactions. This panel will explore
regulators of neuron-glial interactions in regions that produce or are affected
by catecholamines, the consequences of these interactions for neuronal and
circuit function, and roles for neuromodulators in shaping glial cell activity.
Lindsay De Biase will show that microglia establish regionally specialized
phenotypes within the basal ganglia and share data about unique contributions
of ventral tegmental area microglia to neuroinflammation during normal
aging. David Engblom will discuss how altered signaling of D1 medium spiny
neurons (MSNs) to dopamine neurons plays a key role in mediating negative
affective states that accompany systemic inflammation. These inflammationdriven changes in MSN function are dependent on interactions between
endothelial cells and microglia, and microglial prostaglandin production. David
Stellwagen will discuss how glial-derived inflammatory factors are regulated
by neuromodulators to alter neurotransmitter receptor expression and play a
critical role in shaping synaptic and behavioral responses to a variety of stimuli.
Finally, Martin Paukert will show that norepinephrine is a key regulator of
astrocyte global calcium signaling in awake, behaving mice. These astrocyte
calcium signals are modulated by ethanol exposure and may contribute to
ethanol-induced changes in neuronal activity within the cerebellum. Together,
this panel will draw attention to an understudied set of cellular interactions that
can shape neuronal activity within catecholamine systems and throughout the
CNS.
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Panel • Thursday, 4:30 p.m. - 6:30 p.m. • Lake

105. Seeking the BST Within: Cross-Species Exploration of
the Bed Nucleus of the Stria Terminalis
Chair: Thomas Kash
Presenters: Jennifer Blackford, Andrew Fox, Michael Bruchas, Moriel Zelikowsky

The Bed Nucleus of the Stria Terminalis, BNST or BST, over the past decade
has emerged as a critical brain structure for a variety of pathological conditions.
However, in contrast to structures such as the basolateral amygdala and
striatum, it is relatively understudied. This symposium will present cutting
edge research focusing on the role of the BNST in regulation of behavior
from humans to rodents. Dr. Jennifer Blackford will present work from her
group focusing on novel methods for studying the human BNST. She we will
discuss her groups development of an anatomical BNST mask, our mapping
of the structural and functional connectivity of the human BNST, and present
new, unpublished findings demonstrating a selective BNST response to
unpredictable cues. Dr. Andrew Fox will discuss his findings on the critical role
of the BST in a non-human primate model of early life anxious temperament
(AT). Dr. Michael Bruchas will discuss recent findings implicating specific
GABA and Glutamate BNST neuronal projections that promote risk
preference and stress coping behavior. Specifically, he will show new data
using optogenetic, chemogenetic, and in vivo imaging methods to isolate
selected BNST projections to the pons we will report results that reveal circuits
gating anxiety, risk aversion, and motivated behavior. Finally, Dr. Moriel
Zelikowsky will will present data describing the role of genetically defined,
neuropeptidergic cell populations in the dBNST in the control of stress, fear
and social behavior.
Panel • Thursday, 4:30 p.m. - 6:30 p.m. • Lamar

106. PDEs Guide You Downhill via the Direct or Indirect
Route
Chair: Arjan Blokland
Presenters: Anthony West, Susana Neves-Zaph, Lawrence Wennogle, Jos Prickaerts

Since the early 1970’s it is know that phosphodiesterases (PDEs) have key
functional roles in the brain. The main function of the eleven families of PDEs
–most of which are present in the brain- is to regulate the intracellular second
messengers cAMP and cGMP. Both cyclic nucleotides have crucial roles in
controlling intracellular signaling pathways. However, it took several decades
to identify specific subtypes (PDE1-PDE11) and synthesize subtype selective
PDE inhibitors. The expression and sub-cellular localization of PDE subtypes
varies across the brain and suggests that the effects of specific PDE inhibitors
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are relevant for different brain functions and disorders. Highly selective, potent
inhibitors are now available for PDE1, 2, 4, and 10 with good brain penetration
properties. Thus, significant progress is currently being made to validate these
potential drug targets for disorders of the central nervous system. Recent
studies have identified different PDE subtypes in the frontostriatal system and
suggest a functional role in this system. In this session the role of different PDEs
will be discussed. Anthony West (Rosalind Franklin University, Chicago) has
studied the role of PDE10 and PDE9 in modulating corticostriatal transmission
and striatal projection neuron activity. He will present data showing that
PDE10 and PDE9 inhibitors can increase corticostriatal transmission in wild
type rodents and animal models of Huntington’s Parkinson’s disease. Susana
Neves-Zaph (Mount Sinai, New York) studies the role of PDE1 and PDE2
activities in the modulation of the magnitude and directionality of striatal
synaptic responsiveness. She will present data of how targeting PDE1 and
PDE2 differentially affects medium spiny neurons of the direct and indirect
pathways, resulting in changes to the rewarding properties of cocaine and
motor sensitization. Lawrence Wennogle (Intra-Cellular Therapies Inc, New
York) will discuss the role of PDE1 inhibitors. Four phase I clinical trials have
been completed with a potent and selective PDE1 inhibitor and this data will
be reviewed. Finally, Jos Prickaerts (Maastricht University, The Netherlands)
will present data on the role of PDE4 in modulation of the direct and indirect
striatal projection pathways. He tested the effects of roflumilast on the firing
rate of SNR cells after stimulation of the infralimbic prefrontal cortical region
in the rat. The effects on the trisynaptic responses of these cells to infralimbic
prefrontal cortical stimulation reveals how PDE4 inhibition may affect both the
direct- and the indirect pathways. This session will give an in depth overview
on the current knowledge on the role of PDEs in the frontostriatal circuits, and
these data may help us to understand whether PDEs should be a considered as
targets for further drug development.
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Poster Abstracts
Sunday, January 29 • 3:30 p.m. - 4:30 p.m. • Jefferson/Madison

S1. Exposure to Ethanol or Nicotine during Adolescence
Enhances the Neurochemical Response to Nicotine within
the Mesolimbic Dopamine System in Adulthood
Zachary Rodd*, Robert Waeiss, Christopher Knight, Richard Bell, Sheketha Hauser

Alcohol and tobacco are the two most commonly co-abused drugs in the world.
Individuals that are dependent upon both alcohol and nicotine are harder
to treat and more likely to relapse for both drugs. The interactions between
alcohol and nicotine are complexed and start early in human life. The current
experiments examined the effects of nicotine exposure during adolescence
on the ability of nicotine microinjected into the posterior VTA to stimulate
dopamine (DA) release in the nucleus accumbens shell (AcbSh) in adulthood.
Another experiment examined the effects of voluntary EtOH consumption
during adolescence in alcohol-preferring (P) rats and the ability of nicotine
microinjected into the posterior VTA to stimulate DA release in the AcbSh
during adulthood. Briefly, male Wistar rats were administered saline or 0.5 mg/
kg nicotine daily from post-natal day (PND) 32-44. P females were allowed
to consume EtOH (15 and 30%) from PND 30-55. Rats were assessed for the
ability of nicotine microinjected into the posterior VTA to alter DA levels in
the AcbSh in adulthood (> PND 90). Adolescent nicotine exposure increased
the sensitivity and neurochemical response to nicotine within the posterior
VTA during adulthood. The data indicated that adolescent ethanol drinking
cross-sensitized the mesolimbic DA system to the effects of nicotine during
adulthood. Specifically, P rats that consumed EtOH during adolescence were
more sensitive compared to naïve controls, displayed an enhanced response
(50 µM nicotine microinjection; 167% versus 70%, drinkers versus naïve) and a
more persistent effect (100 versus 40 minutes, respectively). The data indicate
that adolescent alcohol or nicotine exposure results in persistent alterations
within the drug reward pathway that affects the neurochemical response to
nicotine during adulthood. The biological basis of this effect could be part of
the sequelae that results in the deleterious effects of adolescent drug exposure.
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S2. Sex Differences in the Selection between
Psychostimulant and Food Reinforcement in Rats
Tod Kippin*, Mari Purpura, Philip Vieira, Jared Bagely, Kyle Ploense

The etiology of addiction remains to be elucidated but, intriguingly, most
individuals who consume drugs of abuse do not become addicted, indicating
substantial individual differences in addiction vulnerability/resiliency in the
human population. A cardinal characteristic of addiction is the choice to take
drugs over other normally rewarding or important activities. Consistent with
differential addiction vulnerability in humans, emerging studies demonstrate
substantial individual variability in the propensity for animals to take or
seek-out drugs. This presentation will describe recent studies from our group
examining rats allowed to choose between concurrent psychostimulant
(cocaine or methamphetamine) and food reinforcement. Our findings
indicate that male rats exhibit a low preference for cocaine when forced to
choose between it and food. Conversely, females exhibit a substantially higher
selection of cocaine over food compared to males. Similarly, males exhibit
low preference for methamphetamine over food reinforcement with females
exhibiting a moderately higher level of preference for methamphetamine. In
addition, the selection of cocaine versus food is modulated by estrogen in both
females and males following gonadectomy. These studies suggest novel avenues
for investigating the sex and individual differences in addiction as well as
endocrine contributions to addiction-like behavior that are likely to inform the
neurobiological bases of addiction vulnerability.

S3. Disentangling Impulsivity Mechanisms in the Imagen
Dataset Using Machine Learning
Dan Scott*, Nicholas Franklin, Michael Frank

In this work we test distinct neural mechanisms that drive impulsivity. We
build on prior computational and emprical work identifying two distinct forms
of impulsivity linked to different mechanisms within frontostriatal circuitry.
The first involves a reward learning problem resulting from an asymmetry in
the sensitivity to positive vs. negative decision outcomes due to elevations in
striatal dopamine. The second involves a cognitive control problem resulting
from a failure to adaptively pause or inhibit the decision process during difficult
choices, due to dysfunctional communication between prefrontal cortex and
subthalamic nucleus. Here, we apply and extend computational models of
reinforcement learning (RL) and inhibitory control to quantitatively fit data
from the stop-signal task (SST) and monetary incentive delay task (MID).
We use model parameters to construct a machine learning (ML) classifier for
predicting relative engagement of distinct brain networks from functional
imaging data in the large cohort (~2000 individual) longitudinal IMAGEN
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data set. Specifically, we fit by-subject learning rates from positive and negative
reward prediction errors and link our RL models with MID reaction times
(RTs) to assess the degree to which subjects speed responses in anticipation of
large rewards. For the SST task, we fit a modified drift diffusion model (DDM)
to each subject’s data along with group hyper-parameters to optimize the trade
off between random and fixed effect models, and to capitalize on group-level
information. Using the parameter fits obtained, we then apply ML algorithms
to predict imbalances in neural responses to motivational impulse, focusing on
a priori ROI’s based on the extensive literature in both tasks. This classification
uncovers the optimal combination of parameters and other behavioral data that
differentiates high impulse subjects (those with elevated VS RPE signaling),
from poor control subjects (those with reduced engagement of preSMAIFC-STN during STOP trials), along a continuum. Thus, it separates subjects
having strong impulses but normal control from those with impulses of normal
strength but reduced control. Finally, we assess the success of our classifier by
evaluating it’s performance on held-out subjects’ data.

S4. Theta Burst Stimulation to the Ventromedial Prefrontal
Cortex in Cocaine Users: Translating Preclinical to
Clinical Research
Colleen Hanlon*, Logan Dowdle, Tonisha Kearney-Ramos, Raymond Anton, Mark
George

Background: Preclinical research has established that attenuating activity in
the ventral striatum can decrease cocaine and alcohol self-administration.
Clinical neuroscientists are now attempting to translate those data to a neural
circuit-based intervention for substance dependence, through non-invasive
brain stimulation. The goal of this study was to determine if continuous theta
burst stimulation (cTBS) to the ventromedial prefrontal cortex (vmPFC; the
human homologue of the infralimbic cortex) could decrease frontal-striatal
connectivity in cocaine and alcohol-dependent individuals. Methods: Fifty
participants were enrolled in this single-blind, sham-controlled, study (25
cocaine dependent, 25 alcohol dependent). Frontal-striatal connectivity was
measured with multimodal interleaved TMS/BOLD imaging before and
after cTBS (110% resting motor threshold, FP1, 6 sessions/day). The effects
of real versus sham TMS were measured for both groups (scalp-to-cortex
distance covariate, FDR-corrected clusters, p<0.05). Results: In cocaine
users, real cTBS induced a significant decrease in vmPFC, anterior cingulate
cortex, and temporal pole BOLD activity compared to sham. In alcohol users,
real cTBS induced a significant decrease in left vmPFC, temporal pole, and
parahippocampal gyrus BOLD signal relative to sham. The brain response to
real versus sham cTBS was not significantly different between cocaine and
alcohol users. Females tend to have larger effect sizes of cTBS than males.
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Conclusions: These data suggest that 6 sessions of vmPFC cTBS delivered
in a single day reliably decreases BOLD response to single pulses of TMS in
the vmPFC, anterior insula, and parahippocampal gyrus—all regions which
regulate salience and limbic tone. The reliability of this pattern across cocaineand alcohol-dependent individuals suggests that this may be an effective
treatment target for multiple substance-dependent populations postulated to
have dysregulated connectivity between infralimbic and cortical brain regions.

S5. Nicotine Promotes Pavlovian Conditioned Approach
Similarly in Female and Male Rats
Aric Madayag*, Sierra Stringfield, Donita Robinson

Previous studies have shown that nicotine increases the prevalence towards
cue-directed behavior, often leading to elevated conditioned reinforcement to
the cue despite removal of a reward. Multiple laboratories, including ours, have
shown that repeated exposure to nicotine enhances Pavlovian conditioned
approach (PCA) to a cue that reliably predicts reward, also known as signtracking. However, this research has been conducted in male rats, and it is
not known if similar results occur in females exposed to nicotine. We sought
to determine if pre-exposure to nicotine differentially effects PCA behavior
in females compared to males. Adult male and female Sprague Dawley rats
underwent Pavlovian conditioning for 29 sessions, 15 trials per session. Prior
to each session, every animal received an injection of either nicotine (0.4mg/
Kg, IP) or an equivalent volume of saline. Each trial lasted 30 seconds with a
variable inter-trial interval of 90-210 seconds. During a trial, an inactive lever
was extended and a cue light above the lever illuminated; this compound
stimulus was the CS. After 30 seconds, the CS ended and 0.1mL of 20% sucrose
solution was delivered to the reward receptacle. Sign-tracking (approach to the
CS) has previously been indicated as a measure of vulnerability to addictive
and impulsive behavior. Sign-tracking behavior was measured by lever presses
and latency to lever press. Goal tracking (conditioned approach to the reward
receptacle) was indicated by reward receptacle entries and latency to enter
the receptacle. The average of the last 4 sessions of PCA training was used
to perform 2-Way Sex-by-Drug ANOVAs on the aforementioned behavioral
metrics. We observed main effects of Drug on lever presses, reward receptacle
entries, and latency to press the lever within a trial. There were no main effects
of Sex, nor any Sex-by-Drug interactions. Further, there were no differences
in latency to receptacle entry in a trial across groups. Nicotine resulted in an
overall increase in lever pressing and a decrease in latency to lever press in a trial.
Interestingly, nicotine treatment also increased cue-evoked receptacle entries.
Altogether, these findings replicate those by others that nicotine increases all
conditioned responding; however these behavioral effects were not unique to
males or females.
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S6. Individual Differences in Appetitive-Aversive Taste
Conflict
Sam Bacharach, Donna Calu*

Five of eleven DSM 5 criteria for diagnosing Substance Use Disorder describe
a conflict process in which motivation for an appetitive drug reward overcomes
its potentially aversive consequences. Several addiction-relevant animal models
have been used to examine appetitive/aversive conflict processes such as
sucralose preference, aversion-resistance, and sign- and goal-tracking behaviors.
However, it is unclear whether the different procedures used to assess conflict
processing engage a common behavioral and neurobiological substrate that is
central to individual vulnerability to addiction. We hypothesize that there is
pre-existing variability in the engagement of conflict processing brain systems
prior to drug exposure that contributes to aversion resistance, and potentially,
addiction vulnerability. To begin to address this, we use a previously established
taste conflict procedure that identifies individual differences in sucralose
preference and determine the extent to which these individual behavioral
differences map on to other addiction-relevant behaviors. We give fluid
deprived rats 1-hour home cage access to water and ascending concentrations
of compound taste stimuli that contain both appetitive (sweet) and aversive
(bitter) taste qualities. We determine preference by measuring consumption
of water and compound tastants, which include sucralose (0.0025-10mM) or
a compound solution of sucrose (116mM) + quinine (0.002-2mM) (S+Q).
Sucralose is a non-caloric sweetener that yields bitter taste qualities at increasing
concentrations, whereas sucrose and quinine are well characterized as having
sweet and bitter taste qualities, respectively. All rats are tested for preference
of each compound tastant versus water, in a counterbalanced within-subject
design. Similar to previous studies we see individual differences in preference
and aversion for the sucralose and S+Q solutions. However, sensitivity to the
two compound tastants does not correlate as would be predicted by a common
conflict process model. In order to better understand the hedonic value of the
compound tastants, ongoing work measures licking microstructure during
brief-access choice tests. Additionally, we screen rats in lever-autoshaping to
determine sign- and goal-tracking phenotype and determine which compound
tastant preference maps onto a widely used measure of addiction vulnerability.

S7. The Role of the Deorphanized Receptor, GPR83, in
Stress and Reward
Amanda Fakira*, Lakshmi Devi

The deorphanization of G-protein coupled receptors provides the unique
opportunity to discover potential therapeutic targets for a wide range of
neuropsychiatric disorders. Recently, we identified the neuropeptide, PEN, as
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a ligand for the G-protein coupled receptor, GPR83. PEN is a neuropeptide
derived from the precursor proSAAS, which when cleaved by prohormone
convertases and carboxypeptidase E, produces the peptides SAAS, PEN
and LEN. In regions, such as nucleus accumbens, hippocampus, amygdala
and prefrontal cortex, where there is significant PEN binding there is also
GPR83 mRNA expression suggesting a role for this peptide-receptor system
in modulating neurophysiological responses. Based on an earlier study that
reported stress hormone-mediated regulation of GPR83 expression in the
brain and immune system (hence was named as the glucocorticoid-induced
receptor or GIR), we initiated studies to examine a role for GPR83 in regulating
stress and reward pathways. Using GPR83 knock-out animals, we find a dose
dependent (wild type, heterozygous and knockout) increase in open arm time
on the elevated plus maze in female mice (and in male mice there is a similar
trend that doesn’t reach significance) indicating that loss of GPR83 induces
a decrease in anxiety. In order to explore an interaction between early life
stress and drug dependence, we initiated studies using early life social isolation
combined with restraint stress as a model and find that this leads to an anxiety
phenotype on the elevated plus maze which correlates with an increase in
morphine preference. Currently we are using this model to evaluate a role for
GPR83 in stress induced anxiety. Finally, studies in male GRP83 transgenic
mice reveal a critical function for this receptor in the reward systems. In support
of this, morphine conditioned place preference induces an increase in GPR83
mRNA expression in the nucleus accumbens. Overall these data suggest that
GPR83 can regulate both anxiety and drug dependence. These studies also
uncover a significant a gender bias in GPR83 function. Our long term goals are
to investigate how this novel receptor system mediates the neurophysiology
underling these neuropsychiatric disorders and the role this gender bias plays.

S9. From Anxious to Reckless: An Information-Theoretic
Control Systems Approach to Prefrontal-Limbic
Regulation across the Spectrum of Threat Detection
Lilianne Mujica-Parodi*

We apply a control systems approach to prefrontal-limbic regulation, probing
its dynamics across a spectrum of N=240 adults and N=44 children (ages
2-5), across six independent human neuroimaging (fMRI/NIRS/EEG)
studies of ambiguous threat detection. Our data show that the amygdala and
ventromedial prefrontal cortex (vmPFC) provide the primary excitatory and
inhibitory components, respectively, of the prefrontal-limbic circuit. Behavioral
and neurobiological thresholds are shifted across the spectrum, with hyper
and hypo-responders showing lower and higher thresholds, respectively, for
detection of ambiguous threat. Accurate assessment of ambiguous threat
appears to depend critically upon inputs from the inferior frontal gyrus (IFG)
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to the vmPFC, providing supplemental information with regard to finegrained sensory data. Both hyper and hyper-responders show IFG dynamics
that provide less input than is needed, but for different reasons. If the IFG
threshold is too high, requiring so much information that the IFG and sensory
cortex exchange information between one another for too many cycles, in
the meantime the coarse-grained (excitatory) pathway will dominate, with a
greater likelihood for false positives in responding to ambiguous threat. On the
other hand, if the IFG threshold is too low, and requires too little information,
the inhibitory pathway will suppress the amygdala without cycling back to
the sensory cortex for much-needed fine-grained sensory cortical data, with a
greater likelihood for false negatives in responding to ambiguous threat. Thus,
the revised information-theoretic computational model provides a data-driven
description by which IFG regulation can produce the full spectrum of threatdetection: from anxious, to optimal, to reckless. More generally, it provides
a unifying neurobiological framework for understanding a fundamental
dimension of psychiatric affective symptoms, which may contribute to the
development of improved pharmacological treatment.

S10. Correlations Between Gray-White Matter Blurring
in Prefrontal Lobe Regions and Cognitive Set-Shifting in
Healthy Adults
Carl Kim*, Joehyun Kim, Sanford Kim

Humans have a unique capacity for higher-order cognition such as planning and
multitasking. These abilities are collectively referred to as “executive functions.”
This study investigates cognitive set-shifting, a type of executive function that
involves shifting from one task to another. Advances in neuroimaging have
allowed for the structural integrity of specific frontal-lobe subregions to be
probed with greater resolution. One such measure is the intensity contrast
between cortical gray and white matter (GWC), with greater contrast indicating
better development (Blackmon et al., 2011). This study tested whether GWC
in 8 subregions of the Prefrontal Cortex (PFC) was associated with set-shifting
abilities in 61 healthy controls. Set-shifting abilities were measured using two
neuropsychology tests: Trail Making Test B (TMT-B) and Wisconsin Card
Sorting Test-Perseverative Errors (WCST-PE), with a third test, the Boston
Naming Test (BNT), used to determine the discriminant validity of setshifting findings. Cognitive set-shifting was significantly correlated with GWC
in the left ventrolateral PFC (Broca’s area), the left and right middle frontal
gyri (dorsolateral PFC), and the left and right superior frontal gyri. These
findings indicate that successful set-shifting relies on the structural integrity of
ventrolateral and dorsolateral PFC but not the basal orbitofrontal regions.
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S11. Chemogenetic Activation of Fronto-Striatal Circuitry
Accelerates Reversal Learning in a Sign-Tracking Task
Jeffrey Stott*, Kyle Smith

The orbitofrontal cortex (OFC) and the medial striatum (MS) are both
necessary for behavioral flexibility. Damage to these structures can impair
learning when task contingencies change. The OFC and MS are also involved in
the performance of goal-directed behaviors and the evaluation of outcomes. We
asked whether enhancement of activity in this pathway could produce a gain of
function effect on these behaviors. We delivered a retrograde, Cre-containing
virus into the MS and a Cre-dependent, excitatory Gq-DREADD receptor
virus into the OFC. This approach produced reliable expression in striatally
projecting OFC neurons. Three weeks after surgery, rats were trained on a lever
press sign-tracking task. All animals acquired prominent sign-tracking behavior,
increasing their interaction with the CS+ lever that was paired with food reward
and decreasing their responding on the non-paired CS- lever. After 14 days of
acquisition, the reward-predictive relationship of the levers was switched and
animals were tested for another 14 days. During the reversal phase, subjects
were either given the DREADD receptor activating drug CNO (1mg/kg)
or vehicle injections each day. Animals that received CNO were significantly
faster to switch their responding to the opposite lever. After the reversal phase,
all animals received 3 pairings of the food reward with lithium chloride (LiCl)
in order to produce outcome devaluation. Animals were returned to the task,
first in extinction and then for three subsequent rewarded sessions. While all
animals formed a conditioned taste aversion as a result of the LiCl pairings,
they only modestly decreased responding during the probe session, confirming
outcome-insensitivity in sign-tracking. Also, preliminarily, there was no
difference between DREADD groups. Taken together, these results suggest
a role for OFC-MS circuitry in promoting flexibility based on cue-reward
contingencies but not, potentially, based on outcome value changes.

S12. Local Control of Dopamine Release May Produce
Reward-Prediction Rather Than Reward-Prediction-Error
Signals
Arif Hamid*, Ali Mohebi, Joshua Berke

Dopamine (DA) is closely involved in both motivation and reinforcementdriven learning. However, the message conveyed by dopamine signals is under
active debate. Many studies have found a relationship between dopamine cell
spiking and reward prediction errors (RPE), consistent with a role in learning.
Yet voltammetry and microdialysis measures indicate that DA conveys a
motivational signal - the temporally-discounted, estimated value of work better than RPE (Hamid et al. 2015 Nat Neuro). Furthermore, DA release from
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terminals is not a simple function of DA cell spiking, but is also modulated
strongly by local microcircuitry including striatal cholinergic interneurons. We
therefore hypothesized a dissociation between DA cell firing encoding RPE,
and DA terminal activity encoding value. We used fiber photometry, GCaMP6f
and TH:Cre rats to monitor calcium dynamics in VTA DA cells and accumbens
DA terminals simultaneously. Rats performed three different tasks that probe
reward expectations and RPEs: 1) Two-armed bandit; 2) Probabilisticallyrewarded linear track running; 3) Pavlovian approach. Initial data suggest that
that there is indeed a dissociation between the activity of DA cell bodies and
terminals, and that these can even evolve in opposite directions as rats anticipate
a delayed cue. We propose that DA targets tailor DA release to their own
computational requirements, potentially converting an RPE-like spike signal
into a motivational message.
Supported by NIH R01MH101697, R01NS078435, and the University of
Michigan.

S13. Development of a Virtual Reality Paradigm for in vivo
Hippocampal Imaging During Morphine Conditioned
Place Preference
Sidney Williams*, Edward Han, Jose Moron-Concepcion

Opioids, like other drugs of abuse, result in structural and functional changes
in the hippocampus, leading to long-lasting associations between the opioidinduced reward and the environment. Using ex vivo imaging approaches,
our lab has shown that morphine conditioned place preference (mor CPP)
decreases the number of dendritic spines of hippocampal CA1 neurons,
mediated by NR2B containing NMDA receptors, yet the timing and dynamics
of these events and their potential relationship to the association between
morphine reward and context are unknown. To observe neural networks in real
time as mor CPP and reinstatement take place, we have designed a virtual reality
conditioned place preference (VR-CPP) paradigm that can be paired with
two-photon imaging. The three chamber VR-CPP apparatus contains a neutral
middle chamber and two conditioning chambers containing distinct visual
cues. Mice are head fixed in the VR environment and allowed to freely run on
a Styrofoam ball suspended by air pressure. Movement of the ball is tracked
by a computer mouse, converted to forward and yaw velocities by custom
written software in LabView, and then fed to a virtual reality engine written
in Matlab, which updates the visual scene permitting the animal to navigate
through the VR environment. To motivate animals to explore virtual reality,
they are water scheduled and receive small water rewards in the conditioned
VR chamber, but not in the unconditioned VR chamber. The water-paired
chamber is then switched to encourage exploration of the second conditioning
chamber. The mor CPP protocol (Portugal et al., 2014) is then executed in
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the VR environment. When combined with two-photon in vivo imaging, this
novel behavioral paradigm allows unprecedented spatio-temporal resolution in
following the structural and activity changes that accompany mor CPP.

S14. Glutamatergic and GABAergic Projections From
the Lateral Preoptic Area to the Lateral Habenula
Differentially Drive Motivated Behavior
David Barker*, Jorge Miranda-Barrientos, David Root, Steven Zhang, Huiling
Wang, Marisela Morales

The Lateral Habenula (LHb) has been identified as a brain region that plays
important roles in addiction and depression. A primary input to the LHb
comes from the Lateral Preoptic Area (LPO). Classical electrophysiological
evidence has suggested that the LPO exerts inhibitory control over the LHb,
positioning the LPO as an important area of study for therapeutics targeting
addiction, depression or other habenula-related psychopathologies. In spite of
this, the cellular composition and function of the preoptohabenular pathway
has remained elusive. Here, we characterized the anatomical and functional
network between the LPO and the LHb. To identify specific LPO neurons
targeting the LHb, the retrograde tracer FluoroGold was injected into the LHb
(1% via iontophoresis). Next, we established the phenotype of the FluoroGoldtagged neurons by immunohistochemistry and dual in situ hybridization to
detect transcripts encoding either glutamic acid decarboxylase 65/67 mRNA
(GAD, a marker of GABAergic neurons) or vesicular glutamate transporter 2
mRNA (VGluT2, a marker of glutamate neurons). Surprisingly, we found that
within the total population of FluoroGold-positive neurons only 15.9 ± 3.2%
expressed GAD mRNA, and as many as 74.7 ± 3.2% expressed VGluT2 mRNA.
We then used a virus encoding a cre-dependent channelrhodopsin-2 (ChR2)
to target LPO glutamate and GABA neurons. By confocal microscopy, we
determined that the LHb innervation by LPO glutamate and GABA neurons
is topographically distinct; LPO GABA neurons are positioned to inhibit the
entire LHb while LPO glutamate neurons densely target a specific medial
subregion of the LHb. By electron microscopy, we determined that ChR2mCherry tagged axon terminals of LPO glutamate neurons contain the vesicular
glutamate transporter-2 (VGluT2) and establish asymmetric (excitatory)
synapses on the dendrites of LHb neurons. On the other hand, ChR2-mCherry
tagged axon terminals of LPO GABA neurons contain the vesicular GABA
transporter (VGAT) and establish symmetric (inhibitory) synapses on both
the cell bodies and dendrites of LHb neurons. By ex-vivo electrophysiology,
we then demonstrated that photostimulation of LPO VGluT2 fibers in the
LHb causes AMPA-dependent excitatory postsynaptic currents and that
photostimulation of LPO VGAT fibers causes GABA-A dependent inhibitory
postsynaptic currents. In vivo photostimulation of LPO VGluT2 fibers in the
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LHb produced a strong aversive response, while photostimulation of LPO
VGAT fibers produced a modest reward. These findings provide evidence for
a major excitatory projection and minor inhibitory projection from the lateral
preoptic area to the lateral habenula that had been previously uncharacterized.
Notably, these discrete populations of LPO neurons are capable of exerting
bivalent control over the LHb, making them and interesting new target for
numerous psychopathologies including depression or drug adduction. Future
work will focus on the participation of the LPO-LHb glutamatergic pathway
in ongoing behavior in order to specifically investigate its participation in
psychiatric illness

S15. Usage of Brain Training Application Among Healthy
Subjects
Shahid Bashir*, Abdulrahman Al-Thaqib, Fahad Al-Sultan, Abdullah Al-Zahrani,
Fahad Al-Qahtani, Khalid Al-Regaiey, Mohammed Iqbal

Objectives: Does brain training application (BTA) work? The beneficial
effects of brain training games are expected to improve cognitive functions.
Yet in all honesty, beneficial effects of the commercial BTA in young adults
have little scientific basis. Methods: 51 Volunteers enrolled for using a popular
brain training game (Lumosity) for about 15 minutes per day, at least 7 days
per week, for 3 weeks. Also, they performed Cambridge neuropsychological
Test automated battery (CANTAB) test before and after three weeks training
for various cognitive functions. Measures of the cognitive functions fell into
categories (flexibility, memory, attention, speed and problem solving).
Results: Results showed that the BTA training improved executive functions,
memory, and processing speed compared to before training in young adults.
Conclusion: This is the first report to study BTA in KSA that warrants further
research to determine the role and its possible link to cognitive function.
Our results do not indicate that everyone should play brain-training games.
However, the commercial brain training game might be a simple and convenient
means to improve some cognitive functions.

S16. Caffeine and Cannabis Effects on Vital
Neurotransmitters and Enzymes in the Brain Tissue of
Juvenile Experimental Rats
Joshua Owolabi*, Sunday Olatunji, John Olanrewaju

Caffeine and cannabis are globally consumed and abused psychoactive substances.
While caffeine is legally used in various forms include tea and coffee as beverage
drinks; it is also consumed in soda and energy drinks as additives. Cannabis on
the other hand is considered illegal in most countries; albeit, it is being consumed
globally particularly by adolescents. Interestingly, the adolescent stage marks a
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critical stage of brain development and maturation. Influences of agents on the
brain at this stage may affect neuronal structural and functional attributes. To this
end, the current experiment considered the effects of cannabis and caffeine on
selected key neurotransmitters and enzymes in the brain tissues after regimented
caffeine and cannabis treatment for 21 days. Seventy juvenile Wistar rats
approximately 40 days old were divided into six groups A-F. The Group A served
as the control. Other groups were administered various dosages or caffeine or
cabbies in distilled water, using oral gavages as follows: Group B animals received
100mg/kg body weight of caffeine; Group C animals received 50mg/kg body
weight of caffeine; Group D animals received 500mg/kg body weight of cannabis;
Group F animals received 200mg/kg body weight of cannabis. The animals were
sacrificed by cervical dislocation 24 hours after the last administration. The brain
tissues were excised and homogenised. The enzymes Cytochrome C Oxidase
and Glucose-6-Phosphate dehydrogenase were assayed to observe tissue energy
metabolism while the neurotransmitters GABA, glutamate and dopamine were
assayed to observe the effects of the psychoactive substances on their activities
relative to mental activities. Results show that caffeine and cannabis influenced
the activities of the enzymes and neurotransmitters in the brain in ways that could
have significant functional implications.

S17. Changes in Neuromuscular Function with Aging and
Myostatin Deletion
Sonsoles de Lacalle*, Dallin Tavoian, W. David Arnold

In our increasingly aging society, finding ways to slow and reverse loss of
muscle mass (sarcopenia) and strength (dynapenia) has become an urgent
task. Sarcopenia begins in mid-life and accelerates significantly by age 70. The
accompanying decrease in strength leads to serious health problems from falls,
poor posture, and limited muscular endurance. The causes of sarcopenia are
multifactorial but nerve degeneration and a decrease in muscle fiber size play
a prominent role. In the last 20 years, the muscle hypertrophy that follows
constitutive deletion of the myostatin gene (MSTN) has sparked a wealth
of research to investigate its role in muscle mass and strength maintenance
in aging. We have tested the effects of deleting MSTN in adulthood and
throughout aging in a conditional knockout mouse model. We used 24 adult
female mice genetically modified to contain an inducible Cre recombinase
transgene and a critical segment of MSTN (exon 3) flanked by loxP sites. At age
12 months, half of the mice were treated with doxycycline in the chow, which
rendered MSTN non-functional by excising the DNA flanked by the LoxP
sequences. Motor behavior, electromyographic analysis and measurements of
muscle strength were collected at baseline (age 11 mo.) and after one year of
treatment. Age alone had an impact in multiple measures of motor function.
Compared to baseline, 24 months-old mice showed a slight (4.5%) increase
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in lean mass and total weight (12.5%), impairment in rotorod performance
(33% decrease), a reduction in the number of motor units (by 30%) and an
increase in motor unit size (45%). When doxycycline was administered in the
diet (MSTN KO), the effects of aging were ameliorated, as indicated by a more
pronounced (9%) increase in lean mass, an attenuation in the impairment
in rotorod performance (20%), and the slight improvement in motor unit
number (a smaller reduction of 28%) and size (an increase of 26%), as well as
some improvement in front grip strength (25% increase). A direct comparison
of MSTN KO with littermate controls at 24 months of age also suggested a
slight beneficial effect of deleting MSTN (albeit not as pronounced as has
been shown in constitutive KO male mice) with better performance in motor
behavior tests (rotorod) and in front limb strength tests. Our results agree with
our previous studies (Williams, PLoS ONE 10(8): e0134854, 2015) reporting
a sexual dimorphism in the role of MSTN, and suggest that further evaluation
of the potential advantageous effects of inhibiting or counteracting the actions
of MSTN in muscle must address sex differences. Ongoing work by our group
is also seeking to characterize the neurological changes that we find associated
with MSTN deletion.

S18. Organization of Myelin Paranodes Requires
Oligodendroglial Expression of the Netrin-1 Receptor
UNC5B
Timothy Kennedy*, Omar de Faria Jr, Yi Jiang, Jenea Bin, Diane Nakamura, Edwin
Wong

Netrin-1 and its receptors, which direct cell migration and axon extension in the
developing CNS, are also expressed in the mature CNS. Here, we demonstrate
that the netrin receptor UNC5B is expressed by oligodendrocytes in the adult
mouse brain, with enrichment of UNC5B protein at paranodal junctions of
myelinated axons. We show that oligodendrocyte-specific deletion of UNC5B
does not alter the rate of myelination or myelin abundance in vivo. In contrast,
in the absence of UNC5B, compact myelin periodicity is decreased and axoglial
paranodes become disorganized, with glial loops detaching from the axon
and disruption of the interface between glial loops. As a result, Caspr-1 and
Kv1.1 disperse along the axon, consistent with a loss of segregation between
specialized axonal domains surrounding the node of Ranvier. Paranode
disruption is less severe in younger UNC5B knockouts, indicating that the
disorganization of myelin in the absence of UNC5B progressively worsens
with age. Consistent with this, behavioral analyses revealed the emergence of
motor impairments in aged UNC5B knockouts. These findings reveal a novel
contribution of UNC5B to the maintenance of the axoglial apparatus that is
required for appropriate organization and maintenance of paranodal junctions.
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S19. Knockout of Park2 Gene Alters Dopamine and
Phenylethylamine Signaling in the Rat Striatum:
The Insight into the Role of E3 Ligase Parkin in
Neuroprotection
Anna Moszczynska*

Parkin is an E3 ligase with neuroprotective properties. Overexpression of parkin
protects the nigrostriatal DA pathway in animal models of Parkinson’s disease
(PD), suggesting that parkin might have a vital role in shielding dopamine
(DA) neurons against neurotoxic insults, including methamphetamine
(METH) neurotoxicity. METH is an illicit psychostimulant, the abuse of
which is associated with altered DAergic neurotransmission and increased
risk for developing PD in humans. Loss-of-function mutations in Park2, a
gene encoding parkin, have been found in patients with familial PD. However,
parkin knockout (PKO) rodents do not display any indication of progressive
nigrostriatal DA neuron degeneration, suggesting that parkin protein is not
essential for DA neuron maintenance and survival. Thus, the exact role of
parkin deficit in development of PD is still unclear. Our first objective was to
characterize DAergic system in the striatum of PKO rats. Our second objective
was to determine whether PKO rats are hypersensitive to the neurotoxic
effects of METH in the striatum. We have hypothesized that altered DAergic
neurotransmission will be present in PKO phenotype in early adulthood and
that METH-mediated neurotoxic insult will precipitate Parkinsonian motor
disturbances in PKO rats. To test our hypotheses, the striata form 2 month-old
wild type (WT) and PKO male Long Evans rats were assessed for the levels of
several DAergic markers as well as for monoamine oxidase A and B (MAO-A
and MAO-B) activities and for the levels of their respective preferred substrates,
serotonin (5-HT) and ß-phenylethylamine (ß-PEA). Separate groups of WT
and PKO rats were administered binge saline or METH (1 mL/kg or 6 mg/kg,
respectively, every 2 h, by intraperitoneal injections) and subsequently tested
for motor disturbances and neurochemical markers of neurodegeneration. The
PKO rats displayed significantly lower activity of MAO-B and higher levels
of ß-PEA than their WT counterparts. These changes were accompanied by
deficits in trace amine receptor 1 (TAAR-1) and postsynaptic DA D2 receptor.
METH-treated PKO rats showed Parkinsonian-like motor disturbances during
and after METH binge. At 3 d after METH, the PKO rats had more significantly
depleted DA and 5-HT stores. Our data demonstrate that loss of Park2 gene
alters DA and ß-PEA system in rat striatum leading to motor impairments upon
exposure to METH and suggest that perturbations in DA/ß-PEA signaling may
predispose METH users to PD. Supported by NIH/NIDA DA034783
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S20. Cerebral Gene Transfer of Butyrylcholinesterase
Prevents and Reverses Amyloid Plaques in Mice With
Human Alzheimer’s Genes
Yang Gao*, Vicky Chen, Liyi Geng, Stephen Brimijoin

People with gene mutations in beta amyloid and presenilin genes have high
risk for premature onset of Alzheimer’s dementia, with heavy deposits of
beta-amyloid and Tau protein, along with neurofibrillary tangles and neuronal
death in cerebral cortex, hippocampus, and other areas. Recent studies in Israel
showed that amyloid precursor protein aggregates in test tubes but not when
butyrylcholinesterase (BChE) is added. We now confirm this phenomenon
in mice with human genes that promote Alzheimer-lesions and dementia. By
six to seven months in APPswe & PSEN1dE9 mice, or 2 months in 5x FAD
mice, amyloid plaques and synaptic loss arise along with poor water maze
learning and novel object recognition (Nor). We set out to see if high brain
BChE would ameliorate signs of dementia after stereotactic injection of AAV-8
vector for mouse BChE into the right or left hippocampus at random (for
amyloid testing), or both sides for NOR testing. Baseline cognition in the
NOR paradigm showed no group differences. After 8 months, recognition
scores dropped sharply in the saline and luciferase vector-treated controls but
not in mice given BChE vector. All mice were euthanized at this point and
brain sections were immunostained for beta amyloid. As expected, controls
had dense amyloid-plaques in cerebral cortex and hippocampus. In contrast,
lesions in the BChE vector group were at least 60% fewer. We conclude that
raising levels of brain BChE has real potential for ameliorating Alzheimer’s
disease, especially since new gene expression vectors that cross the blood brain
barrier will eliminate the need for surgical intervention. This work was funded
by the Minnesota Partnership for Biotechnology and Genomics (MNP13.05),
NIH-NIDA (DP1 DA31340-01), and the Mayo Clinic Foundation for Medical
Research.

S23. Partner Support During Stress Reduces Anxiety-Like
Behaviors: Brain Neurochemical Analysis in Male and
Female Prairie Voles
Meghan Donovan*, Yan Liu, Zuoxin Wang

Social bonds are a critical aspect of human health – strong social support
systems can lessen a wide variety of negative health outcomes. This effect,
defined as ’social buffering’, has been demonstrated in various studies examining
different health factors. One focus of the research has been on the impacts
of social buffering after a stressful experience. For example, data from recent
studies using the socially monogamous prairie vole (Microtus ochrogaster)
have shown that reuniting with a bonded partner after a stressor can reduce
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behavioral and hormonal stress responses, and such effects are mediated by the
neuropeptide oxytocin in the brain (Smith & Wang 2014; Burkett et al. 2016).
We have been conducting a study using the prairie vole model to examine
whether the presence of the bonded partner during a stressful event can reduce
stress responses. We are focusing on potential sex differences in social buffering
effects on the stress response as well as correlative changes in neurochemical
expression in the brain. Adult female and male voles were paired with an
opposite sex mate for two weeks to establish a stable pair bond. Subjects then
experienced a 1-hr immobilization stressor either alone or with their partner,
followed by a 5-min elevated plus maze (EPM) test to measure their anxiety-like
behavior. Our data show that when the partner was present during the stressor,
subjects spent significantly more time in open arms of the EPM compared to
voles stressed alone. However, this social buffering effect by the partner on
anxiety-like behavior was similar in both male and female voles. Through the
use of Western blotting and autoradiographic binding, we are examining the
buffering effects from the partner on certain neurochemicals and their receptors
(e.g., corticotropin-releasing hormone, oxytocin, vasopressin, and brain derived
neurotrophic factor) in selected brain areas that may be involved in mediating
anxiety-like behaviors. (Supported by NIMH R01-58616)

S24. Discovery of Physiological Role for
“Pseudocholinesterase” in Brain
William Brimijoin*, Vicky Chen, Liyi Geng, Gao Yang

Butyrylcholinesterase (BChE), a close cousin and counterpart to
acetylcholinesterase (AChE) is expressed widely in the brain. It has long been
regarded as an “orphan enzyme” with no specific physiological role other
than to metabolize bioactive esters in foods and medicines. People carrying
genetic mutations that entirely eliminate BChE activity appear to enjoy normal
health. Likewise, BChE knockout mice were originally described as “having
no phenotype” other than a tendency for excess weight gain on a high-fat diet.
However, our recent work with viral gene transfer of BChE in mice led us to
rediscover that BChE hydrolyzes the so-called “hunger hormone,” ghrelin.
This hydrolysis is much less efficient than with acetylcholine, but it is sufficient
to affect ghrelin levels strongly in the bloodstream and the brain as well. That
action could be expected to have important consequences for weight gain
and fat metabolism. We recently showed that BChE in brain is essential in
maintaining normal glucose and insulin tolerance in mice on high-fat diets.
More surprisingly, we also saw that the “ghrelin-BChE axis” impacts emotional
states and behaviors such as aggression, anxiety, and fear memory. Thus, it was
found that overexpressing BChE in liver by AAV viral vector not only caused
blood ghrelin levels to fall but unexpectedly reduced social stress. These effects
led to increased life-spans in group-housed male mice. Such findings might well
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generalize to humans. This work was funded by the Minnesota Partnership for
Biotechnology and Genomics (MNP13.05), NIH-NIDA (DP1 DA31340-01),
and the Mayo Clinic Foundation for Medical Research.

S25. Increased Ethanol Intake and Progressive Reductions
in Striatal Cannabinoid Receptor 1 Protein Levels
Following Mild Traumatic Brain Injury
Alana Conti*, Brandy Schneider, Laura Susick

Traumatic brain injury (TBI), of which mild TBI (mTBI) accounts for more
than 80%, significantly increases the risk of developing alcohol use disorders
(AUDs) over a patient’s lifetime. With its known relationship to ethanol
consumption and the physiological effects of ethanol, the endocannabinoid
system has become of interest in AUDs secondary to TBI. Specifically, ethanol
vapor and self-administration decreased striatal expression of cannabinoid
receptor 1 (CB1) and altered ethanol preference has been observed following
CB1 antagonism in rodent models. In this study, we investigated changes
in ethanol consumption and cannabinoid receptor (CB1 and CB2) protein
expression in the anterior striatum (ASTR) and nucleus accumbens (NAC) at
8-25 d post-mTBI. Anesthetized male C57BL/6 mice (8-10 wks) were given
a mild, midline impact over the intact skull or sham surgery. At 14 d post-TBI,
mice were evaluated for binge and chronic ethanol consumption. Injured mice
demonstrated a delayed increase in chronic consumption, a consistent increase
in ethanol preference, and an increase in binge pattern drinking compared to
sham controls. At 8 and 25 d post-injury, brains from separate groups of mice
were harvested and frozen. Protein lysates were made from 1.5 mm diameter
tissue punches of striatal subregions taken from 2 mm thick coronal slices
for immunoblot analysis. At 8 d post-injury, there was a trending decrease
in CB1 in ASTR, which became significantly reduced at 25 d post-injury
compared to respective sham controls. The NAC showed an initial increase in
CB1 at 8 d following mTBI, but was decreased at 25 d compared to respective
sham controls. The observed time- and region-dependent alterations in CB1
expression in the ASTR and NAC may underlie the progression of alcohol
misuse that develops in the post-TBI period. This work was supported by
resources from the John D. Dingell VA Medical Center, Detroit, MI.
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S26. Icy Hot: Differential Effects of Temperature on Drug
Action, Circuit Activity and Neuroprotection
David Naylor*

Hypothermia may benefit severe neurological insults such as hypoxic ischemic
injury, trauma, and status epilepticus and worsens clinical outcomes after
stroke and lowers seizure threshold. Seizures also occur with re-warming
after therapeutic cooling. We explore the effects of temperature on synaptic
inhibition, drug action, and the firing properties of circuits with whole-cell
patch-clamp in hippocampal slices in association with computational modeling.
Temperature markedly affects synaptic function and circuit activity that involves
independent effects on ligand- and voltage-gated channels. GABAergic
synaptic inhibition increases with hypothermia and progressively increases as
temperature is lowered below 26 C, beyond the treatment of mild hypothermia
for post-cardiac arrest. Lowering from 34 C to < 26 C increases mIPSC decaytime (11.7 +/- 4.0 to 21.2 +/- 6.4 ms; p<.05) and Area-Under-the-Curve
(-705 +/- 85 to -1170 +/- 331 pA ms; p<.05). Elevating temperature decreases
synaptic inhibition, but plateaus above 37 C. Unlike IPSC AUC, frequency
continues to increase above 40 C, but plateaus at 32 C for low temperatures.
The results imply a dissociation of temperature effects on ligand- and voltagegated channel properties that affects the composite activity of hippocampal
circuits. In addition, temperature has differential effects on GABA-A receptor
pharmacology with a diminished barbiturate response at lower temperatures
relative to that of benzodiazepines. The effects of temperature on channel
properties and circuit activity help explain both therapeutic as well as injurious,
pro-convulsive mechanisms.

S27. Acute Flaccid Poliomyelitis-Like Paralysis due to
Enterovirus D68, in an Adult in the UK
Sybil Stacpoole*, Adam Molyneux, Dirk Baumer

Enterovirus D68 has been associated with a poliomyelitis-like illness, notably
during an outbreak in 2014, particularly affecting children in the United
States. We report a case of acute flaccid paralysis with respiratory involvement
in an adult in the UK, in whom enterovirus D68 was detected in his sputum
sample. MRI of brain and cervical spine was normal. CSF analysis showed an
elevated white cell count, predominantly lymphocytic, with otherwise normal
constituents and negative viral PCRs. His respiratory function improved after
treatment with IVIG, suggesting that this may be considered as a treatment
modality in such cases. Enterovirus D68 infection should be considered in the
differential diagnosis of Guillain Barré Syndrome, particularly the pharyngeal–
cervical–brachial variant.
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S28. 6-Diazo-5-Oxo-L-Norleucine (DON) Prodrugs with
Enhanced Brain Delivery as Potential Treatment for
Glioblastoma
Jesse Alt*, Rana Rais, Andrej Jančařík, Lukáš Tenora, Michael Nedelcovych, Anne
Le, Amira Elgogary, Sarah Zimmermann, Georg Furtmueller, Caroline Garrett,
Pavel Majer, Barbara Slusher

Glioblastoma multiforme (GBM) is the most common and lethal form of
glioma with limited therapeutic options. The ability of GBMs and other cancers
to rapidly and persistently proliferate often outgrowing vascular supplies
necessitates that they develop a specialized metabolism. Glutamine metabolism
plays an essential role in this specialized metabolism by entering the TCA cycle
and then contributing to the biosynthetic pathways (nucleotide, protein and
lipid synthesis) necessary for unchecked cell growth, rendering cancer cells
dependent on glutamine. This so called “glutamine addiction” has been well
characterized in GBMs. The glutamine antagonist 6-diazo-5-oxo-L-norleucine
(DON) has shown robust anti-cancer efficacy in preclinical and clinical studies,
but its development was halted due to marked systemic toxicities. However
it has never been tested in a mouse model of glioblastoma. We first showed
that DON inhibits glutamine metabolism and provides antitumor efficacy in a
murine model of glioblastoma, although toxicity was observed. In an attempt to
enhance DON’s therapeutic index, we utilized a prodrug strategy to increase its
brain delivery by increasing its lipophilicity and limiting its systemic exposure.
Our novel DON prodrugs were synthesized by adding several modifications
of the pivaloyl-oxy-methyl (POM) groups on amine and the secondary alkyl
(isopropyl) ester on the carboxylate. The prodrugs showed species specific
plasma stability with rodents metabolizing the prodrug more rapidly compared
to higher species such as pigs, monkeys and humans which showed similar
metabolic profiles. Using pig as a model mimicking human pharmacokinetics
we evaluated pharmacokinetics of three lead prodrugs and showed that the
prodrugs achieved a 7-15 enhanced cerebrospinal fluid to plasma ratio versus
DON. This strategy may provide a path to DON utilization in GBM patients.

S30. Brain Tissue Donations are Critical for Brain Studies
Jonathan Sirovatka*, Robin Kramer, Melanie Bose, Stefano Marenco, Jose Apud,
Barbara Lipska

The Human Brain Collection Core (HBCC) at the DIRP, NIMH is a unique
national resource that conducts and supports research on the brain to reduce
the burden of mental illness. We obtain human brain tissue from deceased
individuals diagnosed with major mental illnesses and individuals without
history of mental illness. The tissues are obtained under protocols approved by
the CNS IRB and only with the permission of next-of-kin (NOK). This study
assesses the characteristics of donors and their families who donate a relative’s
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brain to medical research. The results may assist in developing more successful
approaches to brain donation. We used retrospective donation data from the
HBCC for the last two years (N=470 potential donors). Various characteristics
of the decedents (age, sex, race, manner of death, month of death) and NOK’s
(sex, relationship) were analyzed from three donation sources (medical
examiner offices of DC, Northern and Central VA). There were no differences
in sex (p=.8, χ2) or average age (p=.8, t) of the decedents between the groups
of NOK’s who provided consent versus those who did not agree to donation.
Manner of death (accident, homicide, natural, suicide) did not have a significant
impact on the decision to donate (p=.08, χ2, N=311), although decisions to
donate were more frequent for accidental and natural deaths and less frequent
in homicide deaths. There was no difference in the numbers of females
versus males among NOK’s who agreed to donation and those who did not
(p=.6, χ2). February was the month with the highest number of referrals for
potential donation (p=.02, N=55, λ=39.1). African American NOK’s were
predominantly female (p=.05, χ2). African Americans consented less frequently
than expected as compared to Caucasians (p=10-8, χ2). Our data indicate that
more attention and effort should be given to African American relatives of
potential donors.

S31. Circadian and Homeostatic Regulation of Fatigue in
Ships’ Pilots
Diane Boivin*, Philippe Boudreau, Sylvain Lafrance

Working on atypical schedules leads to sleep-wake disturbances. The study
aims was to document ship pilot’s fatigue under real working conditions and
to identify how work duration, scheduling, and the sleep/wake cycle affected
their vigilance. A total of 17 St-Lawrence River ship pilots (46.0 ± 7.2 years)
participated to a 16-21 day field study comprised of work and rest days. Sleepwake cycle was documented by a wrist-worn activity monitor. Pilots also
assessed their vigilance levels (5x/day) and psychomotor performances (start
and end of shift) throughout the study period. After calculation of descriptive
statistics, probabilities of presenting reduced vigilance and performance were
modelled using repeated-measurement logistic regressions. Ship transits
occurred at various times of day and lasted for 5:56±0:22 h. Time of day
significantly affected vigilance levels, with modeled nadir and crest at 06h00
and 18:00, respectively. Waking and work duration affected vigilance levels.
Probability of nodding off at least once during a transit significantly increased
with consecutive waking hours (p=0.0008). The probably of attention lapses
significantly increased with consecutive work hours (p=0.024). Averaged
reaction speed and subjective alertness levels decreased with transit duration
(p≤0.029) and significantly varied with time of day (p≤0.007), while the
inverse relationship was observed for the KSS (p<0.001). The transit duration
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effect was dependent on the time of day, with the lowest vigilance levels
observed when long transits ended in the early morning. Ship pilots’ transits
occurred at irregular times of day. The circadian variation of their vigilance
indicates their circadian system was adjusted to a day-oriented schedule with
a nadir at the end of the night. On this irregular schedule, both circadian and
homeostatic factors interacted to modulate their vigilance and performance
levels at work.

S32. Morphine in the Right Central Nucleus of the
Amygdala Modulates the Affective Aspects of Pain without
Influencing Evoked Hypersensitivity
Edita Navratilova*, Alec Okun, Remeniuk Bethany, Xu Yue, Frank Porreca

Chronic pain is the most common cause of long term disability, affecting
approximately one in every four Americans. Pain is often characterized
by hypersensitivity to noxious and innoxious stimuli as well as ongoing,
“spontaneous” pain. The affective-emotional aspects of pain are usually most
bothersome to patients. Opioids, such as morphine, act primarily by relieving
the affective features of pain. While opioids are effective and adequate
analgesics for acute severe pain, their use in chronic non-malignant pain is
problematic due to a lack of established long-term efficacy and undesirable
side effects. Understanding of brain mechanisms that mediate affective aspects
of pain may facilitate discovery of safer non-addictive analgesics for chronic
pain. The amygdala plays a critical role in emotional and affective behaviors
including the emotional aspects of pain. The central nucleus of the amygdala
(CeA), also termed the nociceptive amygdala, receives direct nociceptive input
from the spinal cord and the brainstem as well as complex polymodal sensory
information from the thalamus and the cortex through the connections from
the basolateral amygdala (BLA). This information is integrated in the CeA.
The CeA is also a major output region and can influence pain behavior through
descending pain modulatory pathways. The goal of this study was to investigate
how opioids in amygdala subnuclei modulate either sensory or affective
qualities of pain. We hypothesized that in a rat model of chronic neuropathic
pain (spinal nerve ligation; SNL), morphine microinjection into the CeA will
inhibit afferent nociceptive input to relieve pain-induced aversiveness. We
have shown previously that relief of ongoing pain produces a positive affective
state that can be demonstrated in rats behaviorally using conditioned place
preference (CPP) and neurochemically by increased dopamine release in the
nucleus accumbens (NAc). These measures were used to test our hypothesis.
We found that in SNL but not sham-operated animals, microinjection of
morphine (1 μg) into the right CeA produced CPP and NAc dopamine release.
In contrast, this treatment had no effect on tactile hypersensitivity at any time
following SNL surgery. Morphine microinjected into the left CeA, or to the
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right BLA, failed to produce CPP or reverse tactile hypersensitivity. These data
demonstrate that CeA opioids modulate the affective aspects of pain without
influencing evoked hypersensitivity. Thus, CeA opioid circuits may represent
specific neural substrates to alleviate pain affect without modifying pain
sensation and could provide a target mechanism for future discovery of nonopioid analgesics. This study was supported by R01 grant DA 034975-01 from
NIH/NIDA.

S34. Maternal Deprivation Induces Alterations in
Cognitive and Cortical Function in Adulthood
Sarine Janetsian-Fritz*, Aqilah McCane, Nicholas Timme, Maureen Timm, Brian
O’Donnell, Christopher Lapish

Early-life adverse events such as maternal separation may disrupt brain
development, possibly leading to psychopathology later in life, including
schizophrenia (SZ). Determining how early life trauma alters neural circuit
composition/function is important to understand the link with an increased
risk for psychopathology. The current study assessed how an early life traumatic
event alters cognition and brain function to better understand what neural
systems might be compromised following these events. On postnatal day (PD)
9, male rat pups were maternally deprived (MD) for 24-hours or were left
undisturbed. In Exp. 1, temporal or recognition memory (TM or RM) were
tested in adulthood. In Exp. 2, electrophysiological recordings were obtained
from the medial prefrontal cortex (mPFC), vertex, and temporal cortex (TC)
to assess the effects of MD on sensory gating and shared information using
information theoretic analyses. Impaired TM and RM were observed in MDs.
Increased bioelectric noise was observed at each recording site as well as a
blunted sensory gating response. Shared information was reduced following
MD when examined immediately prior to or after the click and was most
pronounced between the PFC-vertex and TC-vertex. These data shed light
on the underlying changes in neural processing that lead to impaired TM/
RM in MDs. Impairments in the ability of each brain region to maintain/
share information in the absence of the stimulus could reflect alterations
in neural processing that lead to a less robust representation of each object,
thereby preventing the detection of the novel one. These data suggest that
the deficits in auditory gating are not attributable to deficits in early sensory
processing but rather a systems level phenomenon that is required to map
contextual information to sensory stimuli. Lastly, these data suggest that
neurodevelopmental perturbation early in life was associated with long-lasting
alterations in cognition and brain function in adulthood.
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S35. Effect of Loss of Consciousness on Stimulus
Representation in Sensory Neocortex
Matthew Banks*, Bryan Krause, Sean Grady

The mechanism whereby anesthetics cause loss of consciousness (LOC) is
poorly understood. Current theories suggest that alterations of representation
of information representation in cortico-thalamic networks contributes to LOC
under anesthesia. We sought to determine whether such changes are present in
auditory cortex using multielectrode recordings of spontaneous and stimulusevoked spiking activity from chronically implanted rats. Although anesthetics
are a diverse group of drugs, we reasoned that changes in the representation
of sensory stimuli causative for LOC would be present regardless of the
agent. We tested the effects of three agents with different molecular targets:
isoflurane (iso), which acts at multiple pre- and postsynaptic loci, propofol
(pro), which acts primarily on GABA_A receptors, and dexmedetomidine
(dex), an alpha2 adrenergic agonist. Acoustic stimuli consisted of click trains
and animal vocalizations, presented under control, sub-hypnotic, just-hypnotic
and recovery conditions. Spike trains were characterized by standard rate and
latency measures, two measures of spike timing, the spike time tiling coefficient
(STTC) and vector strength (VS), and information-theoretic measures
(mutual information; MI). We observed two main findings. First, although
anesthetics had effects on most measures of spiking activity, there were no
consistent changes associated specifically with anesthesia LOC. The magnitude
of changes was often as large or larger for the sub-hypnotic dose compared to
the just-hypnotic dose. Second, the sign of changes in information about the
stimulus represented in spike trains was not consistent across agents, with a
significant decrease observed under propofol, no change under isoflurane and a
significant increase under dexmedetomidine. Changes in MI under anesthesia
were strongly correlated with changes in precision and reliability of spike
timing, consistent with the importance of temporal stimulus features in driving
auditory cortical activity. These data indicate that primary sensory cortex is not
the locus for changes in information representation causative for LOC under
anesthesia.

S36. A Novel Approach to Detect Synaptic Coupling
Suggests That GABAergic Innervation of POMC Neurons
Originates Predominately from Non-AgRP Sources
Andrew Rau*, Shane Hentges

Critical to the regulation of homeostatic energy balance are the
orexigenic agouti-related peptide (AgRP) neurons and the anorexigenic
proopiomelanocortin (POMC) neurons located within the arcuate nucleus
of the hypothalamus. AgRP neurons are predominately inhibitory projection
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neurons and release two inhibitory neuropeptides, neuropeptide Y and
AgRP. Additionally, AgRP neurons can exert pronounced physiological and
behavioral effects through the release of GABA onto efferent targets. Despite
what is known about the downstream activity of AgRP cells, the GABAergic
connectivity between AgRP and POMC cells remains to be fully elucidated.
Further, while POMC cells receive substantial GABAergic input, the afferent
origin of these signals is not completely understood. Therefore, we employed
transgenic, electrophysiological and pharmacological techniques to probe
the physiological contribution of AgRP to POMC GABAergic connectivity
in mouse brain slices. To make initial measurements of this circuit we
transgenically deleted the vesicular GABA transporter (VGAT) in AgRP
neurons. The frequency of spontaneous IPSCs (sIPSCs) recorded from visually
identified POMC cells was only modestly lower in hypothalamic slices from
AgRP VGAT KO animals relative to wild type (WT) controls (WT: 5.8 ± 0.78
Hz; VGAT KO: 4.2 ± 0.89 Hz, p = 0.18). To limit the potential contribution
of compensatory mechanisms arising from constitutive deletion of GABA
from AgRP cells we employed a strategy wherein mu opioid receptors (MOR)
were deleted from AgRP neurons and inhibition of presynaptic GABA release
onto POMC neurons following bath application of the MOR selective agonist
DAMGO was assessed. 10 μM DAMGO produced similar inhibition of sIPSC
frequency in both WT (from 6.2 ± 0.96 Hz to 1.65 ± 0.83 Hz) and AgRP MOR
KO mice (from 7.07 ± 1.48 to 2.49 ± 0.72). Likewise, the percent inhibition of
evoked IPSCs by DAMGO was not different between WT (52.1 ± 5.34) and
AgRP MOR KO (55.9 ± 7.66) mice. Collectively, these data suggest that in fed
mice the majority GABA release onto POMC cells originates from neurons that
are not AgRP positive and that tonic inhibitory modulation of POMC cells can
be attributed primarily to activity of non-AgRP neurons.

S37. Neurotensin-Induced Plasticity Temporally Modulates
GABAergic Input to Midbrain Dopamine Neurons
Chris Tschumi*, Michael J. Beckstead

Midbrain dopamine neurons play physiological roles in many processes
including reward learning and motivated behavior. Conversely, dysfunction
of these neurons is implicated in disorders such as schizophrenia and drug
abuse. Midbrain dopamine neurons are tonically inhibited by γ-Aminobutyric
acid (GABA)ergic inputs from multiple brain regions. Neurotensin (NT) is a
neuropeptide which acutely modulates midbrain dopamine neuron excitability
through multiple mechanisms, including a decrease of GABA mediated
inhibition of dopamine neurons. However, it is not known if NT acts postsynaptically on GABA receptor signaling, pre-synaptically on GABA release
from terminals, or through a combination of synaptic mechanisms. Here
we utilize whole cell patch-clamp electrophysiology of dopamine neurons
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in mouse brain slices to show that NT acts both presynaptically to increase
GABAA and postsynaptically to decrease GABAB receptor-mediated currents
in the substantia nigra in mice. Bath perfusion of NT produced a sustained
potentiation of GABAA inhibitory postsynaptic currents (IPSCs) without
affecting GABAA receptor-mediated currents elicited via iontophoresis
of GABA. NT also produced an increase in the co-efficient of variation of
GABAA-IPSC amplitudes, again suggesting a presynaptic locus of potentiation.
Conversely, NT caused depression of GABAB-IPSCs as well as GABA type-B
receptor-mediated currents elicited via iontophoresis of GABA, and the
similarity in magnitude of these two effects suggests a postsynaptic locus of
depression. Bath perfusion of NT on a combined GABAA/GABAB-IPSC
revealed that NT shifts GABAergic neurotransmission to enhance GABAA and
silence GABAB signaling. As the kinetics of GABAA signaling are significantly
faster than those of GABAB signaling NT temporally modulates GABAergic
signaling at midbrain dopamine neurons. As NT is an endogenous peptide
present at high levels in the midbrain, determining the mechanism of action
by which NT alters midbrain dopamine neuron excitability is a crucial step
in understanding the importance of NT in dopamine mediated behavior and
related disorders.
Monday, January 30 • 3:30 p.m. - 4:30 p.m. • Jefferson/Madison

M1. Effect of Synaptic Input Synchrony on the Dopamine
Neuron Firing Dynamics
Ekaterina Morozova*, Maxym Myroshnychenko, Christopher Lapish, Boris Gutkin,
Alexey Kuznetsov

Dopamine (DA) neurons in the ventral tegmental area (VTA) play a central
role in guiding motivated behaviors and mediating the effects of drugs of
abuse. Synaptic inputs are critical for regulating DA neuron firing and, more
importantly, bursting, and, thus, DA efflux throughout the brain. We explored
how dynamics of DA neuron firing is regulated by synaptic inputs with different
temporal structure. Particularly, we studied the role of synchronization in the
upstream neural firing in modulating DA neuron activity. For this purposes,
we developed a local circuit model of the VTA, which is based on feed-forward
inhibition and recreates canonical features of the VTA neurons. Our simulations
challenge the classical view that GABA neurons exclusively reduce DA neuron
firing and bursting. We found that a synchronous GABAergic input enables an
increase in DA neuron firing and bursting. Distinct from previous mechanisms,
the increases were not based on lowered firing rate of the GABA neurons or
weaker hyperpolarization by the GABAR synaptic current. A mechanism of
GABA-mediated increases in firing is based on a dynamic reduction of a longlasting hyperpolarization due to the SK-type Ca2+-dependent K+ current.
Biological relevance of our modeling prediction was validated by calculating
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shuffle corrected cross-correlograms between pairs of simultaneously recorded
putative VTA GABA neurons. We observed a large number of pairs (63 out of
236) that exhibit millisecond timescale synchrony, which is, according to our
modeling results, more than necessary to achieve an increase in DA neuron
burstiness. Further, we found that the synchrony between the neurons in
VTA is enhanced by ethanol, which, according to our modeling results, can
contribute to DA neurons burstiness and facilitate transient DA release. Our
results provide mechanistic explanations of how synchrony in the synaptic
inputs regulates DA neuron burst firing, and can shed light on the mechanisms
by which ethanol controls DA transmission.

M2. Brain Region Differences in the IL-1beta Modulation
of GABAergic Transmission Following Chronic Ethanol
Treatment
Michal Bajo*, Florence Varodayan, Sophia Khom, David Hedges, Reesha Patel,
Michael Steinman, Mellisa Herman, Sarah Montgomery, Tali Nadav, Amanda
Roberts, Marisa Roberto

The brain Interleukin 1 (IL-1) system is important in alcohol drinking
behaviors and chronic alcohol-induced neurodegeneration. We previously
showed that the IL-1 system regulates γ-aminobutyric acid (GABA)
transmission in the mouse central amygdala (CeA) and modulates ethanol
effects at these synapses. Since CeA GABAergic transmission is critical to the
acute reinforcing actions of alcohol and the transition to alcohol dependence,
we hypothesized that chronic alcohol may alter the IL-1 system’s control
over GABA transmission in other alcohol-related brain regions. Here, we
examined IL-1 system modulation of GABA synapses in the medial prelimbic
prefrontal cortex (mPFC-PrL), as this region exerts “top-down” control over the
amygdala. We also characterized differences in the adaptive changes of the IL-1
system in the CeA and mPFC-PrL in ethanol non-dependent and dependent
mice generated by the 2 bottle choice-chronic intermittent ethanol vapor
exposure paradigm. Using whole-cell recordings, we found that IL-1beta (50
ng/ml) reduced GABA release onto mPFC-PrL layer 2/3 pyramidal neurons
in ethanol naïve and non-dependent mice, but facilitated it in the dependent
mice. The IL-1 receptor antagonist (IL-1ra; 100 ng/mL) had opposite effects
on spontaneous Inhibitory Postsynaptic Current (sIPSC) frequencies on these
cells. In the CeA, IL-1beta had similar effects on sIPSCs in all three animal
groups, suggesting limited chronic ethanol-induced adaptation of the IL-1
system’s regulation of CeA GABAergic transmission. Thus, there is brain region
specificity in the IL-1 system’s regulation of basal GABAergic transmission, as
well as in the adaptive changes of the IL-1 system following chronic ethanol
exposure. Understanding the mechanisms underlying the region specificity
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of alcohol-induced adaptive changes in the neuroimmune system and their
role in alcohol-related behaviors will be critical for the identification of new
therapeutic candidates targeting the immune system.

M3. Thalamic Mast Cell Activity Promotes Sign-Tracking
Behavior in Rats
Christopher Fitzpatrick, Jonathan Morrow*

Mast cells contain numerous neurotransmitters within their granules (e.g.,
histamine, serotonin, and cytokines), and are capable of influencing neuronal
activity even under basal conditions. However, it is unknown whether mast
cells in the brain contribute to addiction vulnerability. Attribution of incentive
motivational properties to reward-related cues is believed to be a key etiologic
factor underlying addictive behavior, and relapse in particular. Individual
differences in incentive salience attribution can be measured using a Pavlovian
conditioned approach (PCA) procedure, wherein some rats attribute incentive
salience to reward cues and are more vulnerable addiction-like behaviors (signtrackers; STs) while other rats, termed goal-trackers (GTs) and intermediate
responders (IRs), do not. STs have been shown to have higher neural activity
within thalamic brain regions in response to both food- and drug-related cues,
and brain mast cells are selectively concentrated in the thalamus. Using a
PCA procedure, we screened rats over the course of seven daily PCA training
sessions, and then waited a week to restore baseline activity before quantifying
thalamic mast cells using a toluidine blue stain. We found that STs, compared
to GTs and IRs, have higher numbers of mast cells within the thalamus. In a
separate experiment, we infused a mast-cell stabilizer, cromolyn (200 µg/rat;
i.c.v.), immediately before five daily PCA training sessions and found that mast
cell inhibition impairs the acquisition of sign-tracking behavior. These results
suggest that thalamic mast cell content may contribute to individual differences
in the attribution of incentive salience to reward cues and, therefore, addiction
vulnerability.

M4. Cue-Induced Craving Predicts Subjective Response
to Methamphetamine: Evidence for Sign Tracking in
Humans?
Daniel Roche*, Matthew Worley, Lara Ray

Behavioral responses to drug-related cues and the subjective effects of drugs
of abuse have both demonstrated high interindividual variability, which in
turn is thought to be related to differences in drug-seeking behavior and the
development of addiction. For example, animal literature has demonstrated
that rodents who are preferentially responsive to drug-conditioned stimuli
(i.e., “sign-trackers”) also show greater psychomotor sensitization to stimulants
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and will work harder to obtain stimulant drugs than those who are less
responsive to conditioned stimuli (i.e., “goal-trackers”). In methamphetamine
(MA) users, increases in drug craving are often proximal to and preceding
drug use, and, accordingly, MA craving level is highly predictive of relapse.
However, the relationship between responsivity to MA cues and subsequent
behavioral response to MA has not been investigated in humans. Therefore,
the objective of this randomized, double-blind, placebo-controlled, and
within-subject human laboratory study was to examine 1) the predictive
relationship between cue-induced craving and subsequent acute subjective
response to MA and 2) whether naltrexone (50 mg) moderated this association
in a sample of 30 non-treatment-seeking individuals who meet criteria for
MA use disorder. Participants completed two separate four-day medication
regimens (naltrexone or placebo, in a randomized, counterbalanced order)
separated by a 7-14 day washout period between each condition. On day four
of each medication regimen, participants completed a cue-reactivity paradigm
followed by intravenous MA administration [two 15 mg (5 ml) infusions].
Methamphetamine craving was assessed after the cue-reactivity paradigm, and
subjective response to MA was assessed during IV MA infusion. Cue-induced
craving for MA was significantly (p < 0.05) and positively associated with
post-infusion DEQ scores for nearly all assessed subjective effects, including
“Feel”, “High”, “Good”, “Stimulated”, “Would Like More Drug”, and “Would
Like Drug Access,” “Anxious,” and “Depressed.” Further, naltrexone moderated
this predictive relationship, such that the positive association between cueinduced craving and subjective MA response was significantly reduced when
receiving naltrexone compared with placebo for rewarding MA effects (“Feel”,
“High”, “Good”, and “Stimulated”, ps < 0.01). In sum, the present findings
suggested that greater levels of cue-induced craving were associated with larger
subjective responses to MA in terms of both positive and aversive subjective
effects, providing translational support for “sign-tracking” findings from
preclinical studies. Additional analyses indicated that naltrexone moderated
the association between cue-induced craving and those subjective effects
that were predominantly positive or reward-related, which may provide a
behavioral mechanism by which naltrexone is an effective treatment for MA.
Future studies should further study the relationship between craving level
and the acute effects of MA in real-world situations and also examine whether
naltrexone moderates the association between craving and subjective response
in other substance use disorders.
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M5. Novel and Highly Selective Dopamine D3 Receptor
Antagonists and Partial Agonists That Attenuate THC SelfAdministration and Reinstatement to Drug Seeking
Alexandra Gadiano*, Anver Shaik, Alessandro Bonifazi, Michael Ellengerger, Elie
Pommier, Godfrey Redhi, Rana Rais, Barbara Slusher, Gianluigi Tanda, Zuzana
Justinova, Amy Newman

The dopamine D3 receptor (D3R) is a target for the development of
medications to treat substance use disorders. D3R-selective compounds with
high affinity and varying efficacies have been discovered, providing critical
research tools for cell-based studies that have been translated to in vivo models
of drug abuse. D3R antagonists and partial agonists have shown especially
promising results in rodent models of relapse-like behavior, including stress-,
drug- and cue-induced reinstatement of drug seeking. However, to date,
advancement to human studies has been limited. The high resolution D3R
crystal structure has provided an opportunity for structure-based drug design in
combination with small molecule structure activity relationships (SAR). Using
this hybrid approach, highly potent and selective dopamine D3R antagonists
and partial agonists have been discovered. For example, VK4-116 demonstrates
high D3R binding affinity, with a Ki=7 nM and ~1700-fold selectivity over D2
and D4 receptors (Kumar et al., 2016). After determining that VK4-116 was
metabolically stable in monkey microsomes, it was tested in squirrel monkeys
self-administering THC under an FR10 schedule. VK4-116 dose-dependently
blocked THC self-administration (4 mg/kg/infusion) in the 1-10 mg/kg
range without affecting food self-administration. In addition, VK4-116, in
the same dose range, blocked THC-induced reinstatement of drug seeking in
these animals. This is the first demonstration of D3R as a medication target for
marijuana self-administration and cannabis-seeking behavior, thus the highly
D3R-selective VK4-116 is a new lead molecule for development. We have also
discovered the highly selective D3R partial agonist, VK 4-40 (D3R Ki=0.36 nM
and >400-fold selectivity over D2 receptors, Kumar et al., 2016.) Separation
and evaluation of the enantiomers of both VK4-116 and VK4-40 may reveal
enantioselective profiles of these agents and provide a lead molecule for
medication development.

M6. Intra-Accumbal Administration of Zeta Inhibitory
Peptide (ZIP) Blocks Cocaine Reinstatement and Restores
Accumbal LTD
Andre Deutschmann, Jeff Lenz, Lisa Briand*

During abstinence, memories associated with drug-taking persist and the
inability to eliminate these drug memories is thought to underlie addiction.
Eliminating these drug-paired memories could provide an opportunity for
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therapeutic intervention. Converging evidence suggest that zeta inhibitory
peptide (ZIP) eliminates memories for experience-dependent behaviors,
included conditioned drug associations. However, it is not known whether the
elimination of these memories alters drug relapse. The current study examined
the effect of ZIP administration in the nucleus accumbens on cocaine-primed
reinstatement of cocaine seeking, a rodent model of relapse. We demonstrate
that intraaccumbal ZIP blocks cocaine-primed reinstatement when
administered 24-hours or 1 week prior to testing. Interestingly, ZIP infusion has
no effect on the reinstatement of food seeking. ZIP is a synthetic compound
designed bind the constitutively active form of atypical PKC, PKMζ, a protein
implicated in learning and memory. However, recent evidence from PKMζ
knockout mice suggests that ZIP may function through alternative mechanisms.
In support of this, we found that ZIP was able to block reinstatement in PKMζ
knockout mice. One possible mechanism underlying addictive phenotypes is
the ability of cocaine to block further plasticity. We hypothesized that ZIP may
be working to reverse this anaplasticity. While ZIP has no effect on accumbal
LTD in slices from naïve or yoked saline mice, it is able to restore both NMDAdependent and mGluR5-dependent LTD in animals following cocaine selfadministration and withdrawal. Additional experiments are underway to
determine whether ZIP’s ability to restore this plasticity is necessary for its
behavioral effects.

M7. Prazosin Decreases Ventromedial Prefrontal Cortex
Response to Conditioned Threat Stimulus in Alcohol Use
Disorder
Claire Wilcox*, Josef Ling, Joshua Clifford, Bryon Adinoff, Christina Bilderback,
Brie Howell, Andrew Mayer, Michael Bogenschutz

There have been mixed results regarding the effects of prazosin on neural
markers/self-report measures of stress reactivity in alcohol use disorder
(AUD) and post-traumatic stress disorder (PTSD). 34 individuals with AUD
(no PTSD) were enrolled in a placebo-controlled trial of prazosin (16 mg
daily). Prior to medication initiation, subjects underwent a conditioned cue
task designed to evoke anticipatory anxiety during fMRI, following a pre-scan
training to learn the high (HT) and low threat (LT) conditioned stimulus
(CS) shape denoting an impending painful heat or non-painful warm stimulus,
respectively. During the scan subjects were presented with HT or LT CS
(pseudo-random; 8/10/12s; 2 runs of 18 trials) followed by an appropriate heat
stimulus. Preprocessing and deconvolution (AFNI) was performed on resulting
images. Betas from 8 tent functions (q 2s) were averaged and normalized by
baseline resulting in percent signal change (PSC) maps for 3 time periods
[Early(3-7s), Mid(7-11s), Late(11-17s)] post-CS onset (Late could contain
pain-related signal). Paired t-tests were performed (HT vs. LT) and corrected
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for multiple comparisons [3dClustsim (alpha<.05)]. Analysis revealed
deactivation to HT/activation to LT in posterior cingulate cortex (PCC;Mid).
In those who underwent a second scan (n=23) 3 weeks after medication
initiation, we observed a reduction in subjective anxiety (post-run) to HT-LT
(∆threat) CS on prazosin [Condition(prazosin vs. placebo)*Time p=.097]
but no Condition*Time effect for ∆threat PSC in PCC. Thresholding liberally
(voxelwise p<.01, cluster size 30 voxels) resulted in 5 more clusters with the
same pattern of activation as PCC. In one of them [ventromedial prefrontal
cortex (vmPFC;Early)] we observed a significant Condition*Time effect
(p=.01) for ∆threat; prazosin, but not placebo, increased ∆threat PSC (Scan 1:
-.95±.2, Scan 2: .04±.2). Prazosin may alter vmPFC processing of conditioned
threat stimuli, while also lowering subjective anxiety.

M8. Virtual Reality Tool to Assess Cue Reactivity
Component of Addiction
Mary Metcalf, Bradley Tanner*, Brian Tanner

Brain activation patterns associated with cue reactivity and craving in patients
with substance use depend on reliable and valid duplication of real world cues
in the form of substances, environments and social situations. Unfortunately,
assessment of the effects of cue-exposure and measurement of brain response
using typical cue presentation tools is hindered by a lack of an authentic
environment. Virtual Reality (VR) offers investigators a solution with high
ecological validity given its ability to present specific visual and auditory
stimuli in proper social and environmental context, and also high internal
validity given its ability to control exposure parameters. The potential value of
VR to measure the perceived impact of presented cues, social situations, and
environments extends across the full range of substances including nicotine/
cigarettes, alcohol, cocaine, methamphetamine, cannabis and obesity/food. In
our Virtual Reality Cue Exposure (VRCE) we can consistently and measurably
present a variety of virtual stimuli and environments that might illicit or inhibit
drug or food seeking activity. Using a widely available commercial VR platform
(e.g., Oculus Rift/Samsung Gear) and software (Unity) subjects can engage a
customized and immersive 3D VR world containing high quality graphics and
sounds that typically trigger relapse. In our VR experience, patients can navigate
through the challenges in cue exposure, environments and social situations
and complete ratings to assess response. Our prototype solution can impact
basic neuroscience and neuroimaging research related to addiction and obesity
by providing a more convenient and valid means to measure the effect of cues
and the corresponding brain response. In the near future, sensors for VR head
mounted displays will identify visual focus and emotional reaction in virtual
environments; thus more direct correlation of the patient’s cue response with
brain activity may be possible.
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M9. NDGA: Potential Pharmacotherapeutic for the
Depression Targeting Kynurenine Pathway in Olfactory
Bulbectomised Mice
Yashika Bansal*, Raghunath Singh, Priyanka Saroj, Anurag Kuhad

Increased proinflammatory cytokines enhance the activity of indoleamine 2,3
dioxygenase (IDO) which is the rate limiting step in kynurenine pathway. In
depression increased proinflammatory cytokines activates IDO under stress;
enhance kynurenine metabolism and decreases 5-HT levels. The aim of study
was to evaluate the pharmacotherapeutic efficacy of NDGA in experimental
paradigm of depression i.e. olfactory bulbectomy (OB) specifically targeting
kynurenine pathway. Depression like behaviours was induced in OB mice as
evaluated by assessment of various behavioural (olfactory deficit test, forced
swim test, splash test, open field test, sucrose preference test), biochemical
(catalase, reduced glutathione, SOD, nitrite, MAO-A, MDA, corticosterone)
and inflammatory cytokines (TNF- α, IL-1β, IL-6, IFN-γ) levels. Kynurenine
pathway metabolites were determined in plasma and brain using HPLC
method. After 14 days post-surgery, olfactory bulbectomized (OBX) mice were
administered nordihydroguaiaretic acid (5mg/kg, 10mg/kg and 25mg/kg)
daily i.p. We have developed a new HPLC method for simultaneous estimation
of monoamines and kynurenine pathway metabolites in plasma and brain
samples of mice. Chronic treatment with nordihydroguaiaretic acid significantly
restored all behavioural, biochemical and neurochemical alterations in OBX
mice and increase in quinolinic acid and decrease in kynurenic acid point out
the neurodegeneration hypothesis of depression. Nordihydroguaiaretic acid
showed potent neuropharmacotherapeutic effect in OBX mice by virtue of its
strong anti-oxidant, anti-inflammatory, anti-stress and by restoring quinolinic
acid levels.

M10. The Effects of Chemogenetic Manipulation of
Prelimbic Projections to the Paraventricular Nucleus
of the Thalamus on Locomotor Activity and Neuronal
Engagement of Corticostriatal-Limbic Systems in the Rat
Sofia Lopez*, Ignacio R. Covelo, Susan Ferguson, Shelly B. Flagel

The paraventricular nucleus of the thalamus (PVT) has been implicated
in motivated behaviors, including novelty-induced locomotion and cuedriven behaviors. This midline thalamic nucleus is well-positioned to act
as an interface between limbic and motor circuits, but the heterogeneous
circuitry surrounding the PVT has been difficult to elucidate. In the current
study, we use a dual vector approach to selectively express designer receptors
exclusively activated by designer drugs (DREADD) in afferents from the
prelimbic cortex (PrL) to the PVT. A Cre-dependent-flip-excision AAV
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viral vector expressing either silencing (Gi) or activating (Gq) DREADD is
infused into the PrL, and a retrograde CAV-Cre viral vector is infused into the
PVT. Clozapine-N-oxide (CNO) is used to transiently activate DREADDs,
thereby selectively modulating afferents from the PrL-PVT. Following virus
insertion, rats underwent a 4-week “incubation” period to allow optimal
DREADD expression. Rats were then administered either vehicle (6% DMSO
in sterile water) or CNO (3 or 10mg/kg) and tested for locomotor activity.
The following day rats were administered VEH or CNO 90 min prior to
perfusion and brain extraction. “Silencing” PrL-PVT afferents appears to
increase locomotor activity in a dose-dependent manner, with effects following
3 mg/kg CNO. There were no apparent effects of CNO on locomotor activity
in rats expressing Gq. To better understand the neural circuitry that may be
mediating these behavioral effects, CNO-induced patterns of c-fos throughout
the corticostriatal-limbic system will be examined in rats expressing either Gi
or Gq DREADDs within the PrL-PVT circuit. Given the differential effects
of “silencing” (Gi) and “activating” (Gq) afferents from the PrL to the PVT
on locomotor activity, we expect to identify distinct circuits that are engaged
following these manipulations. The findings will help further our understanding
of the neural circuitry underlying motivated behaviors.

M11. Genetic Dissection of Cerebellar Circuitry in Spatial
Navigation, Timing and Working Memory
Erik Carlson*, Timothy Locke, Marta Soden, Avery Hunker, Cerise Knakal, Larry
Zweifel

The cerebellum is well known for its role in coordinating temporal and
sensorimotor processes. A lesser appreciated, but no less important function
of the cerebellum is its role in cognition, social function, and affective state.
Humans with discrete cerebellar lesions manifest neuropsychiatric symptoms,
including: flattened affect, depression, reduced language and social interactions,
disturbances of working memory, spatial cognition, attention, and even
psychosis in the absence of motor deficits. In persons with schizophrenia,
neuroanatomical and clinical markers of cerebellar dysfunction correlate
with the severity of negative symptoms. Aberrant morphology and activity
of the cerebellum has also been documented in several psychiatric disorders
including autism, bipolar disorder, major depressive disorder, anxiety disorders,
and attention-deficit/hyperactivity disorder. The cerebellum is reciprocally
connected with limbic system structures including the prefrontal cortex,
striatum, ventral tegmental area, amygdala, and hippocampus. A major
neurotransmitter system implicated in mental illness is dopamine. In addition
to direct and indirect connections with the midbrain dopamine system, proteins
essential for dopamine production and dopamine signaling have been identified
in specific cell types and regions in the cerebellum. In these experiments, we
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utilized mice with targeted mutation of the dopamine 1 receptor (D1R) that
allows us to manipulate the activity of specific cells expressing this mutation in
a highly temporally and spatially specific manner. While electrophysiological
properties of cells in the dentate nucleus of the cerebellum have begun to be
elucidated, virtually nothing is known about how specific neuronal populations
within discrete cerebellar nuclei influence behavior. We propose that the dentate
nucleus (DNC, lateral nucleus in rodents), a major output of the cerebellum,
is essential for regulation of cognitive function, social functions and affective
state. Methods: To test this, we used the virally-delivered Designer Receptor
Exclusively Activated by a Designer Drug (DREADD) receptor, HM4Di, to
reversibly inhibit specific populations of D1 receptor-expressing neurons in
DNC during for experiments in specific motor, social, cognitive, and affective
behaviors of mice. The electrophysiological properties of D1R-expressing
neurons in the lateral cerebellar nuclei were measured using whole-cell patch
clamp in acute cerebellar slices. To identify synaptic targets of these cells, we
injected a Cre-dependent AAV virus encoding a GFP-labeled synaptophysin,
which allows labelling of axon terminals with a fluorophore in a specific cell
population expressing Cre. Drd1aCre/+;DNC-HM4Di mice (Drd1aCre/+
mice bilaterally injected with AAV-FLEX-HM4Di-YFP in DNC), as well
as control Drd1aCre/+;DNC-GFP mice (littermate Cre/+ mice bilaterally
injected with AAV-FLEX-GFP in DNC, N = 8-13 for each group) were tested
in several tasks meant to probe performance across different domains of
cognitive, social and affective function, such as a three-chambered social task,
Barnes Maze, Elevated Plus Maze, Rotarod, prepulse inhibition of the acoustic
startle reflex, instrumental conditioning for a food reward on a fixed-ratio,
an operant-based timing task known as differential reinforcement of low-rate
responses (DRL), and an operant working memory task, delayed alternation.
Results: We found that in the presence of clozapine-N-oxide, activation of the
DREADD Receptor causes inhibition of neuronal activity in D1R positive cells
in the DNC in vivo and in vitro. D1R-expressing neurons were categorized into
one of two groups based on their size and action potential properties. The first
group was composed of small, spontaneously active neurons with a relatively
wide action potential width and slow afterhyperpolarization. The second
group consisted of larger neurons, most of which did not fire spontaneously.
When these cells were induced to fire by current injection, the action potential
waveform was narrow and the afterhyperpolarization peak was fast. Credependent expression of a virally-delivered GFP-labeled synaptophysin
revealed cerebellonucleo-cerebellocortical projections from D1R-positive cells
in the dentate nucleus. Furthermore, Drd1aCre/+;DNC-HM4Di mice showed
alterations in performance in specific behaviors. Drd1aCre/+;DNC-HM4Di
mice had significantly poorer performance on Barnes Maze probe trial than
controls (P<0.05), without differences in acquisition of the task, or velocity of
movement. Drd1aCre/+;DNC-HM4Di mice had significantly less time in the
open arms on elevated plus maze than Drd1aCre/+;DNC-GFP mice (P<0.05),
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lower prepulse inhibition of the acoustic startle reflex than Drd1aCre/+;DNCGFP mice (P<0.05), and could not discriminate between novel and familiar
mice on a three-chambered social task, while Drd1aCre/+;DNC-GFP mice
were able to (P<0.05). Furthermore, Drd1aCre/+;DNC-GFP showed ability
to appropriately time responses on the DRL task, while Drd1aCre/+;DNCHM4Di mice had significant overestimates (P<0.05). Drd1aCre/+;DNCHM4Di mice had significant deficits on the delayed alternation task, but only in
relation to longer delays (8 and 16 seconds, but not 2 seconds (P<0.05)), not
in initial learning of the task. No changes were seen between groups on a simple
instrumental conditioning task for food reward, gait analysis, or on Rotarod
performance. Discussion: Our results indicate that there are two neuronal
populations expressing the Dopamine-1 Receptor within the DNC which are
required for specific cognitive, social, sensory, and affective behaviors.

M12. A Computational Model of Adaptive Human
Information-Seeking
Andra Geana*, Robert Wilson, Nathaniel Daw, Jonathan Cohen, Michael Frank

Uncertainty plays a role in most decision scenarios – from ordering dinner, to
making vacation plans, to choosing retirement or insurance options – and the
drive to reduce that uncertainty leads to information-seeking, or the directed
search for new information from the environment that can help form more
accurate representations. There is ample evidence for information-seeking
behavior across species, and theoretical models show that the ability to properly
represent and use the value of information is essential in optimal decisionmaking. Consistent with this notion, failures to regulate this tradeoff have been
linked to maladaptive behaviors in a variety of neuropsychiatric disorders.
Underuse of information-directed exploration, for instance, has been associated
with repetitive behaviors in addiction, while overuse has been suggested to
underlie the excessive behavioral variability in ADHD; deficits in regulating
information-seeking have been suggested to underlie a wide spectrum of
compulsive behaviors, however, the specific mechanisms of these deficits have
not been precisely characterized. Recently, the emerging field of computational
psychiatry has revealed the advantages of combining theory-driven and datadriven approaches to improve our ability to understand the specific mechanisms
underlying psychiatric disease, predict outcomes and refine treatment
strategies. Here, we describe an information-seeking model of adaptive human
exploration, and show how behaviors linked to demotivation and taskdisengagement can be seen as normative in an information-seeking framework.
We show evidence of this adaptive strategy in one experiment testing human
information-seeking, and discuss potential differences in individual parameters
involved in representing, updating and using available information in normal
and neuropsychiatric populations.
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M13. Directionality in Distal CA1 is Driven by Sensory
Cues, While Proximal CA1 is Influenced by Self-Motion
Differences
Zaneta Navratilova*, Lan Hoang, Jose Valdes, Masami Tatsuno, Bruce
McNaughton

The primary correlate of hippocampal firing is location in space (O’Keefe
and Dostrovsky 1971). Other factors can influence the firing rates of CA1
and CA3 ‘place cells’ (e.g. Leutgeb et al. 2005), the strongest of which
seems to be running direction during bi-directional traversals of narrow
tracks (McNaughton et al. 1983). We recently showed that these directional
differences are not present during the first traversals of the track, suggesting
that they are not due to deficient path integration (the ability to sum up
distances and directions traveled to calculate relative position), but instead
are due to learning different associations to the traversals of each direction
(such as sensory cues; Navratilova et al. 2012). CA1 and CA3 place cells
receive information about location and self-motion from neurons in the medial
entorhinal cortex (MEC), and sensory information from the lateral entorhinal
cortex (LEC). While CA3 cells each receive inputs from both entorhinal
cortices, cells in the proximal (to CA3) half of CA1 receive inputs from MEC,
and the distal half of CA1 is innervated by LEC axons. All CA1 cells also receive
inputs from CA3, and all show location-specific firing, with distal CA1 cells
expressing a larger number of place fields (Henriksen et al., 2010). Larger
numbers of distal CA1 cells are recruited during a non-spatial memory task
(Nakamura et al., 2013).
We hypothesized that distal CA1 cells are more influenced by sensory inputs,
and thus more likely to develop directionality in an environment dominated
by distal visual cues. We recorded from 12 tetrodes along the proximal-distal
axis of CA1 while rats ran back and forth between two food dishes. One half
of the track was rich in local sensory cues, and the other half had no local cues.
Distant visual cues were visible. Cells from both proximal and distal CA1
showed differences in firing rates between running directions after several
traverses of the track. However, the population of proximal CA1 cells showed a
high correlation between traverses of the track in opposite directions, regardless
of the type of cue that was present, while the distal CA1 population showed
a low correlation between opposite directions when only distant visual cues
were present. As the rats ran the track repeatedly, they developed stereotyped
behavior, including running faster when approaching a food dish, and slower
when leaving one. This difference in running speed in opposite directions
significantly influenced the firing rates of proximal (but not distal) CA1 cells.
Thus, firing rate differences between opposite direction traverses were due to
running speed differences in proximal CA1, and visual cue differences in distal
CA1.

168

50th Annual Winter Conference on Brain Research

M14. Psychogenic Non-Epileptic Seizures: A Medical
Disorder Without a Home
Elissa Patterson*, Nicholas Beimer, Gerald Scott Winder, Najda Robinson-Mayer

Over the last century, science has advanced our understanding of the structure
and function of the brain. Evolving technology has enabled the discovery of
salient facts about the nature of several neurological and psychiatric disorders,
yet a large array of disorders remains poorly understood including psychogenic
non-epileptic seizures (PNES). PNES are defined as episodes of altered
movement, sensation, or experience caused by a psychological process. Unlike
epileptic seizures, PNES are not due to abnormally excessive or synchronous
neuronal activity in the brain as measured on an electroencephalogram (EEG).
Twenty to forty percent of all new patient referrals to comprehensive epilepsy
centers have PNES (Benbadis, 2000, 2004). Historically, Rene Descartes
and others distinguished between the mind and the body as entirely separate
entities. In a sense, the distinction is clear. Organs belong to the body while
emotions are products of the mind. When this logic is applied to complex
medical problems, however, mind-body dualism obstructs progress toward
improved understanding and treatment of disorders that evade distinct
categorization, like PNES. The semiology of PNES may be similar to epileptic
seizures, although there are several known distinguishing features (Pritchard,
2014). There are many disorders on the differential diagnosis for abnormal
movements, sensations, or experiences, although often the list is narrowed
to epileptic seizures versus PNES, making long term EEG monitoring the
gold standard diagnostic test to distinguish these two etiologies. Due to a
wide range of potential points of entry in to the medical system, among other
challenges, it takes an average of 7 years for a patient to be accurately diagnosed
(LaFrance, 2006), which contributes to substantial physical debilitation and
psychological suffering. Individual lifetime cost associated with diagnostic
testing, procedures, and medications are estimated to be near $100,000, and
annual expenditures for workup of what is mistakenly thought to be epilepsy
range between $100 to $900 million in medical expenses. (LaFrance and
Benbadis, 2006). Though significant advances have been made, identification
and management of patients with PNES remains a significant public health
problem and a major clinical challenge. Clear standards of care have not been
widely established. Contributing to these difficulties is the ambiguity about
which medical or mental health discipline owns the disorder. We are addressing
these problems through the development of a multi-disciplinary clinic. We
will present the design and implementation of this novel clinical program in a
600+ bed academic medical center. This new program systematizes diagnosis
and treatment of PNES through collaboration among representatives from
neurology, psychiatry, psychology and social work. We will describe some of the
challenges and solutions to implementing such a clinic including the diagnostic
process and logistics of having both inpatient and outpatient arms. We will
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describe the evidence-based psychotherapeutic PNES treatment protocol
(LaFrance, 2015) around which this new program has been built. We believe
that a paradigm shift in biomedical research and clinical treatment away from
mind-body dualism can open new avenues for advances in diagnosis, novel
biomarkers, treatment, and cost-effectiveness, and we hope to inspire this type
of shift through this integrated clinic.

M15. Nucleus Accumbens Core Cholinergic Interneurons
Modulate Motivated Behavior
Anne Collins*, Tara Aitken, Sean Ostlund, Kate Wassum

Considerable evidence has implicated nucleus accumbens core (NAc) and
dopamine signaling therein in motivation, especially that induced by rewardpredictive cues. But additional modulatory systems in the NAc likely also
contribute. The cholinergic interneuron system is particularly interesting in this
regard given its capability to terminally modulate dopamine release and the
known responses of cholinergic interneurons to states and events that signal the
utility of reward seeking. Using both chemo- and optogenetic approaches, we
assessed the role of NAc cholinergic interneurons in motivated behavior in two
separate tasks: Pavlovian-to-instrumental transfer (PIT), which assesses cuemotivated behavior, and progressive ratio responding. Preliminary data indicate
that chemogenetic inhibition of NAc cholinergic interneurons augmented,
while optogenetic stimulation of these neurons concurrent with reward cue
presentation suppressed cue-motivated behavior. Optical stimulation of NAc
cholinergic interneurons during at the time of either action initiation or reward
retrieval in the progressive ratio task also suppressed reward-seeking behavior.
These data suggest that NAc cholinergic interneuron activity has a primarily
suppressive influence over motivated behavior.

M17. Novel Therapeutics in a Mouse Model of Angelman
Syndrome
Anne Anderson*, An Dao, Amber Levine, Ed Weeber, Dave Segal, Heather Born

Angelman syndrome (AS) is a genetic neurodevelopmental disorder with
unique behavioral phenotypes and seizures as key features of the disease. There
is no current treatment for AS, and often anti-epileptic drugs are ineffective in
controlling the seizures that co-associate with motor and cognitive problems
in AS. The most common genetic cause of AS is the deletion or mutation in
the maternally imprinted Ube3a gene, encoding ubiquitin ligase (Ube3a),
leading to absence or dysfunction of the Ube3a protein. In our studies, we have
investigated the effect of mouse strain background on the AS behavioral profile,
electroencephalography (EEG) activity, and seizure threshold in a mouse model
of AS (Ube3a gene maternal deletion). We found strain-dependent differences
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in the AS phenotypes. The AS C57Bl/6J (B6) mice displayed hypoactivity,
impaired motor coordination, learning and memory deficits, and abnormal
EEG activity. The AS 129Sv/Ev (129) mice exhibited poor performance on the
wire hang and contextual learning and memory tests and lower threshold to
audiogenic seizures. These findings indicate that the mouse genetic background
modifies the behavioral, EEG, and seizure threshold phenotype in the AS mice.
Using these strain-specific phenotypes for the AS mice we are screening novel
therapeutics, including artificial transcription factors (ATF) to restore Ube3a
brain levels and testing whether these manipulations reverse the behavioral,
EEG, and seizure phenotypes in the AS mouse model. Our initial data from the
ATF treatment in the AS and wildtype littermate mice will be presented as well
as the effects of mouse strain on the phenotypic rescue. Overall, we anticipate
that with restoration of Ube3a levels in brain, there will be rescue of the AS
phenotype. In addition, these studies will serve as preclinical data for additional
translational studies in larger mammals and ultimately humans with AS.

M19. A Multi-Disciplinary Approach to the Study of Type I
Chiari Malformation
Francis Loth*, James Houston, Dipankar Biswas, Soroush Pahlavian, Maggie
Eppelheimer, Dorothy Loth, Richard Labuda, Phillip Allen

Type I Chiari malformation (CM) is a structural defect where part of the
cerebellum is located below the foramen magnum. From the NIH web site,
individuals with CM may complain of neck pain, balance problems, muscle
weakness, numbness in the arms or legs, dizziness or headache made worse by
coughing or straining. Symptoms may change for some individuals, depending
on the buildup of CSF and resulting pressure on the tissues and nerves. Thus,
a basic understanding of the pathogenesis of CM has been elusive. Our group
at the Conquer Chiari Research Center has been working towards a better
understanding of CM through a multidisciplinary approach. The four areas
of investigation are imaging, cognitive processes, psychosocial function, and
assessments of the inflammatory response. We have developed projects to
examine these four areas by creating a web-accessed, secure database called
Chiari1000. Chiari 1000 collects health-related, neuropsychological, and
MR scans voluntarily provided by Chiari patients. Cognitive processes and
psychosocial function are assessed through a series of web surveys. To assess
the inflammatory response, blood assays are obtained through local Quest
Diagnostics clinics, and salvia samples are provided through the mail. The
Chiari1000 registry launched in the Fall 2015. Presently, 708 CMI participants
have completed surveys (with 314 MR images). We hope to obtain 1000
CMI subjects with completed surveys and corresponding MRIs and the
inflammatory response on 100 of these subjects. We have developed custom
software for automated morphological measurements, data visualization, and
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analysis of these multidisciplinary results. This information may help to stratify
CM patients which will help in the development of new hypotheses for this
complex condition. The overall goal is to identify novel objective measures
that are predictive of symptom severity to help in the diagnosis of CM and the
evaluation of various treatment options.

M20. Modulation of Microglia in vivo Using Antisense
Oligonucleotides
Fredrik Kamme*, Ed Wancewicz, Bea DeBrosse-Serra, Berit Powers, Curt Mazur

Antisense oligonucleotides (ASOs) reduce the level of target proteins
by hybridizing to the target mRNA and mediating RNAseH-dependent
degradation. Target knock down in vivo is profound and sustained. Several
clinical trials are currently underway for both systemic and CNS targets,
including Huntington’s disease, ALS and SMA. ASOs injected intrathecally,
for CNS indications, display good pharmacokinetics properties throughout
the CNS. In rodents, the targeted mRNA remains knocked down typically
for 6-8 weeks following a single dose. In the current work we studied the
ability of ASOs to knock down targets in microglia, in rodent brain. qRTPCR, double immunofluorescence and double in situ hybridization showed
potent and persistent knock down of mRNA and protein in microglia, in vivo,
following a single ASO dose. Microglia are emerging as an important target in
neurodegenerative diseases. Given the relatively short development cycle and
the ability to target almost any mRNA, ASOs are an excellent research tool to
investigate microglial biology in vivo, a tool that can readily be translated into
human therapeutics.

M21. Mitochondrial DNA in Cerebrospinal Fluid
Distinguishes Idiopathic From LRRK2-Related
Parkinson’s Disease
Petar Podlesniy, Dolores Vilas, Peggy Taylor, Leslie Shaw, Eduard Tolosa, Ramon
Trullas*

Mitochondrial DNA (mtDNA) regulates mitochondrial function and encodes
genes that are essential to provide the energy that neurons require to survive
and sustain their activity. Mitochondrial dysfunction causes neurodegeneration
and it is associated with both idiopathic and familial forms of Parkinson’s
disease. To investigate whether these two disease forms exhibit altered
regulation of mtDNA we measured cell free mtDNA content in cerebrospinal
fluid (CSF) from idiopathic and LRRK2-related Parkinson’s disease patients.
The concentration of mtDNA was measured using a digital droplet polymerase
chain reaction technique in a total of 98 CSF samples from a cohort of subjects
including: 20 LRRK2-G2019S mutation carriers with Parkinson’s disease, 26
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asymptomatic LRRK2-G2019S mutation carriers, 31 patients with idiopathic
Parkinson’s disease and 21 first-degree relatives of LRRK2 Parkinson’s disease
patients without the mutation. We found that LRRK2-G2019S mutation
carriers with Parkinson’s disease exhibit a high concentration of mitochondrial
DNA in CSF compared with asymptomatic LRRK2-G2019S mutation carriers
and with idiopathic Parkinson’s disease patients. In addition, idiopathic, but not
LRRK2 Parkinson’s disease is associated with low CSF concentration of alphasynuclein. These results show that high mitochondrial DNA content in CSF
distinguishes idiopathic from LRRK2-related Parkinson’s disease suggesting
that different biochemical pathways underlie neurodegeneration in these two
disorders.

M22. Focused Ultrasound Modulation of the Blood Brain
Barrier in a Pre-Clinical Model of Amyloidosis
Kelly Markham-Coultes*, Madelaine Lynch, Joseph Silburt, Stefan Heinen,
Meaghan O’Reilly, Kullervo Hynynen, Isabelle Aubert

Transcranial focused ultrasound (FUS) in the presence of microbubbles
increases the permeability of the blood-brain barrier (BBB). We and others
have demonstrated that FUS-induced BBB permeability can be used as a nonsurgical alternative to deliver antibodies, progenitor cells and gene constructs,
injected into the blood, to the brain and spinal cord. Additionally, we found that
FUS in the presence of microbubbles, independent of therapeutics, induces
neural plasticity and reduced amyloid pathology associated with Alzheimer’s
disease (AD). To further elucidate the effects of FUS to the brain, we evaluated
the extent of BBB modulation in a mouse model of AD, the entry and clearance
of blood-related cells and molecules, and the regulation of heat shock proteins.
Briefly, FUS in presence of microbubbles transiently induced BBB permeability
in a transgenic (Tg) mouse model of amyloidosis and their non-Tg littermates.
The peak pressure required to induce BBB permeability was not different
between Tg and non-Tg mice. Immediately after FUS, we quantified gadolinium
enhancement using MATLAB. This initial gadolinium enhancement, indicative
of FUS-induced BBB permeability, was not different between Tg and non-Tg
mice. Furthermore, the restoration of the BBB occurred within 24 hrs in Tg and
non-Tg littermates, as measured by gadolinium enhancement and Evans Blue.
The entry of blood-derived cells was observed rarely and only shortly after FUS.
Blood-related molecules, such as IgG and IgM, clearly entered FUS-targeted
brain regions and were cleared within 10 days. The response of heat-shock
proteins by FUS was similar between Tg and non-Tg mice, with only one heatshock protein found to be increased post-FUS. In conclusion, FUS-induced
BBB permeability in Tg and non-Tg mice can be achieved at a similar peak
pressure, enhancement and resulting in a 24 hr restoration, with the clearance of
blood-related components within days.
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M23. Optogenetic Evidence for Direct Projections From
Orexin Neurons to Paraventricular Hypothalamic PreSympathetic Neurons
David Mendelowitz*, Olga Dergacheva

Orexin neurons were suggested to exert sympathetic control of cardiovascular
function via modulating activity of bulbospinal pre-sympathetic neurons
(PSNs) in the paraventricular nucleus of the hypothalamus (PVN), however,
functional connections between these populations of neurons have not been
established. To test the hypothesis that orexin neurons project directly to PSNs
in the PVN, channelrhodopsin-2 (ChR2) was selectively expressed in orexin
neurons and axons and ChR2-expressing fibers were photoactivated to evoke
postsynaptic currents in PSN in the rat hypothalamic slices. Short-latency
postsynaptic currents were identified in all PSNs tested (n=34), suggesting
dense and likely monosynaptic connections. These light-triggered responses
were heterogeneous and included excitatory glutamatergic (59%), inhibitory
GABAergic (35%) and mixed glutamatergic and GABAergic currents (6%).
Glutamatergic but not GABAergic currents were diminished by application
of the dual orexin receptor antagonist almorexant suggesting glutamate and
orexin could be co-released in this sub-population of PSN. Acute hypoxia
and hypercapnia (H/H) suppressed both glutamatergic and GABAergic
postsynaptic currents. Thus, orexin neurons may exert both sympathoexcitatory
sympathoinhibitory effects on cardiovascular function via direct projections to
different subpopulations of PSNs in the PVN.

M25. Automatic Reconstruction of Vasculature in Cleared
Intact Brain Specimens
Susan Tappan*, Alfredo Rodriguez, Muhammad Amri Abdul Karim, Doug Hoppes,
Christopher Thomas, Paul Angstman, Ali Erturk, Jacob Glaser

In the current study, we demonstrate the utility of cleared tissue image
volumes and the functionality of specialized quantitative software. Decades
of research indicate a critical role of the microvasculature in the plasticity of
the brain under various physiological and pathological conditions, including
fundamental processes during brain development, learning, recovery from
traumatic brain injury and brain inflammation, aging and neurodegeneration.
Cleared tissue offers the opportunity to investigate these processes in detail.
Preliminary data from new prototype software, Vesselucida, for reconstruction
of microvasculature is presented. Automatic methods for reconstructing
microvasculature with the correct modeling structure allows for unprecentented
analysis of the micraovasculature organization in the brain. uDISCO,
CLARITY and other related tissue clearing agents have opened the possibility
for unprecedented studies of neuroanatomy and cytoarchitecture by removing
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the necessity of tissue sectioning. As imaging methodologies evolve for these
intact specimens it is also evident that specialized quantitative tools are needed.
uDISCO-cleared specimens are often multi-millimeter thick, which require
sophisticated and expensive microscopy equipment (e.g., lightsheet microscopy
and super long working distance objective lenses). The resulting uncompressed
image data can be very large (>0.5 TB). Further, the focus resolution limitations
due to the microscope objectives generally result in voxel dimensions that
are challenging for automatic reconstruction. As such, quantitative software
that can analyze intact cleared image data faces special challenges. This novel
automatic method is computationally efficient and therefore greatly reduces
the time needed for analysis. Image management is a central concern because
there is a simultaneous need to have the ability to interact with the entire
image volume and a small subset that represents the current region of interest.
Vesselucida addresses this need by using an interactive 3D visualization
environment that enables multi-resolution image handling. Real-time volume
rendering of large amounts of data using non-specialized computer hardware is
then used to elucidate spatial orientation. This new development now makes it
possible to perform quantitative analyses at the maximal resolution of the image
volume while having the morphological and organizational context of the intact
tissue specimen.

M26. Paradoxical Neuroprotection With a TGFβ Receptor
Antagonist in Neonatal Hypoxic-Ischemic Brain Injury –
Age Dependent Effects
Brian Kim, Mariano Clausi, Israel Nnah, Chaitali Saqcena, Radek Dobrowoloski,
Steven Levison*

Neonatal encephalopathy due to hypoxic-ischemic (HI) brain injury triggers
a wave of neuroinflammation that contributes to progressive degeneration
and functional deficits seen weeks after the initial injury. In a recent set of
studies, we evaluated the therapeutic efficacy of a small molecule antagonist for
the activin-like kinase 5 (ALK5), TGFβ receptor in a rat model of moderate
perinatal HI, and found significant improvements in neurologic outcomes. Here
we extended those studies to evaluate the efficacy of delayed TGFβ receptor
antagonism in preterm (postnatal day 6 (P6)) and term (postnatal day 9)
rat pup models of cerebral HI. The ALK5 receptor antagonist SB505124 was
administered by osmotic pump beginning 3 days following HI. Extending our
earlier dataset that showed protection of the hippocampus in P6 pups treated
with SB505124, P6 treated animals sustained less damage to their hippocampi
and had improved performance on the Morris water maze when tested at P60
versus vehicle-treated HI animals. By contrast, SB505124 did not improve
sensorimotor deficits and exacerbated hippocampal and thalamic volume loss
when administered 3 days after HI injury to P9 pups. SB505124-treated rats
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injured on P9 tended to perform worse than their vehicle-treated counterparts
on Morris water maze. To elucidate the mechanism whereby ALK5 inhibition
reduced neuronal cell death in the P6 HI model, we assessed components
of autophagy in neurons of the hippocampus and thalamus and found that
SB505124 induced two key proteins known to mediate autophagy: p62 and
LC3. Altogether, our results demonstrate that there is a dynamic switch in the
CNS response to TGF-β1 that occurs around P9 in rats where TGFβ signaling
transitions from worsening functional outcomes to improving outcomes,
as seen in adult stroke and other CNS disease models. We conclude that
attenuating TGF-β1 signaling will likely be an effective treatment for HI-related
encephalopathy in moderately pre-term infants, and that it decreases the extent
of progressive neuronal cell death by stimulating autophagic flux. This work was
supported by grants from the National Institutes of Health HD052064 and the
Leducq Foundation awarded to SWL and from The International Alzheimer’s
Association (NIRG-305325) and the New Jersey Commission on Brain Injury
(CBIR14PIL001) awarded to RD.

M27. Periaqueductal Gray Activity Influences Alcohol
Dependence-Related Outcomes
Emily Lowery-Gionta*, Janaina Vendruscolo, Huiling Wang, Lisa Thomas, Brendan
Tunstall, Leandro Vendruscolo, Marisela Morales, George Koob

Alcohol dependence is a chronic, relapsing disorder that is accompanied by
somatic and emotional symptoms during withdrawal. According to the selfmedication hypothesis, subsequent alcohol intake is driven in an attempt to
mitigate these withdrawal symptoms. Thus, understanding the mechanisms that
underlie withdrawal symptoms may improve treatment outcomes in alcohol
dependent populations. Withdrawal symptoms have been linked to adaptations
in key neurochemical systems and neural circuits. The periaqueductal gray
(PAG) is a midbrain region that executes somatic and emotional responses,
especially those associated with stressful, fearful or painful stimuli. Here,
we evaluate the contribution of PAG subregions to increased alcohol selfadministration, and somatic and emotional withdrawal symptoms associated
with alcohol dependence using a chemogenetic approach. Following operant
alcohol self-administration training, male Wistar rats were injected in to the
dorsal (d) or ventral (v) PAG with rAAV8/CamKIIα-hM4D-mCherry to
drive the expression of Gi-coupled designer receptors exclusively activated by
designer drugs (DREADDs). After recovery from surgery, half of the rats were
placed in alcohol vapor inhalation chambers to induce alcohol dependence.
When dependent rats achieved stable blood alcohol levels (~200 mg/dl)
for at least 3 weeks, all rats were tested on withdrawal assays preceded by
pretreatment with clonzapine-n-oxide (CNO; 1 mg/kg), the synthetic ligand
for DREADDs, or vehicle. Current findings demonstrate that chemogenetic
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inhibition of the vPAG attenuates alcohol dependence-induced anxiety without
altering increased alcohol self-administration, compulsive alcohol drinking
or somatic withdrawal symptoms. Ongoing experiments are evaluating the
effects of chemogenetic inhibition of the dPAG and the contribution of central
amygdala inputs to each of the PAG subregions on these behaviors. Together,
these experiments show that enhanced neuronal activity within the PAG
contributes to anxiety associated with alcohol dependence and suggest that
interventions designed to mitigate this adaptation have therapeutic potential.

M28. Overview of the NIH Receipt-Referral-Review of
Grant Applications
Dana Plude*

This presentation provides an overview of the NIH peer review system,
including descriptions of its core values and safeguards on fairness. The NIH
peer review process forms the cornerstone of the NIH extramural research
mission and ensures that applications submitted to the NIH are evaluated by
scientific experts in a manner free from inappropriate influences. Currently the
NIH handles approximately 80,000 applications and engages approximately
20,000 reviewers per year. Pointers are provided to help expedite the receipt
and referral of an NIH grant application to the appropriate funding institute
and scientific review group. And reminders are offered about how to preserve
the integrity of the NIH peer review process. Appropriate points of contact
are identified and the fundamental values of the peer review process are
emphasized.

M29. Excitation of Midbrain Dopamine Neurons by the
Endocannabinoid 2-Arachidonoylglycerol
Stephanie Gantz*, Bruce Bean

The major endocannabinoid in the mammalian brain is the bioactive lipid
2-arachidonoylglycerol (2-AG). The best-known effects of 2-AG are mediated
by presynaptic CB1 receptors and postsynaptic CB2 receptors, acting through
G proteins. In principle, 2-AG could modify neuronal excitability by acting
more directly on ion channels, but such mechanisms are largely unexplored.
Using a preparation of dissociated mouse midbrain dopamine neurons to
isolate effects on intrinsic excitability, we found that 100 nM 2-AG accelerated
pacemaking and steepened the frequency-current relationship for burst-like
firing. Voltage-clamp experiments showed that 2-AG reduced somatodendritic
A-type potassium current flowing between spikes by shifting the voltagedependence of activation, speeding inactivation, and reducing current
amplitude. Selective block of A-type potassium channels by the toxin AmmTx3
produced similar effects on firing. Blocking CB1 and CB2 receptors did not
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prevent 2-AG effects. Activation of orexin, neurotensin, and metabotropic
glutamate Gq/11-linked receptors mimicked the effects of exogenous
2-AG, through mobilization of endogenous 2-AG. The results show that
endocannabinoids can directly tune neuronal excitability in a cell-autonomous
manner by modulating A-type current.

M30. Neurochemical Profile of Dorsal Raphe Projections
to the Rat Medial Prefrontal Cortex
Eric Prouty*, Barry Waterhouse

Serotonin (5-HT)-containing neurons in the dorsal raphe (DR) nucleus project
throughout the forebrain and are implicated in many physiological processes
and neuropsychiatric disorders. These neurons have been characterized in
terms of their neurochemistry and anatomical organization, but a clear sense
of whether these attributes align with specific brain functions or terminal
fields is lacking. DR 5-HT neurons can co-express additional neuroactive
substances, increasing the potential for individualized regulation of target
circuits. The goal of this study was to link DR neurons to a specific functional
role by characterizing cells according to their co-transmitter expression and
efferent connectivity; specifically, cells projecting to the medial prefrontal
cortex (mPFC), a region involved in cognitive and emotional responses to
stress. Following retrograde tracer injection into the mPFC of Sprague-Dawley
rats, brainstem sections were collected and immunohistochemically stained
for markers of serotonin, glutamate, GABA, and nitric oxide (NO). We found
that 98% of the 5-HT-containing neurons projecting to the mPFC co-expressed
the marker for glutamate, while the markers for NO and GABA were observed
in 60% and less than 1% of those neurons, respectively. To identify potential
target-specific differences in co-transmitter expression, we also examined
the neurochemistry of DR neurons projecting to a visual sensory structure,
the lateral geniculate nucleus (LGN) of the thalamus. The proportion of
serotonergic neurons co-expressing NO was significantly greater amongst
cells targeting the mPFC vs LGN (60% vs 22%, χ2 = 178.1, p < 0.001). The
established role of 5-HT in affective disorders and the emerging role of NO in
stress signaling suggest that the impact of 5-HT/NO co-localization on mPFC
circuit function may have high clinical relevance.
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M31. Functional Connections Between IPSC-Derived
Cardiomyocytes and Primary Autonomic Neurons
Zhuonan Yang*, Yasuhiko Jimbo, Koji Sakai

Induced pluripotent stem (iPS) cell derived cardiomyocytes (iPS-CMs) is a
promising regenerative cell source to tackle the problem of heart diseases. In
order to evaluate the functional interaction between iPS-CMs and the host
sympathetic nervous system, we built a micro-fabricated, co-culture system. The
novel system consists of a multi-electrode array (MEA) substrate, two culture
compartments and 8 micro-tunnels that connect them. Human iPSC-derived
cardiac cells and primary rat superior cervical ganglia neurons (SCG; a part of
sympathetic nervous system) were separately seeded into two compartments.
Axons from SCG neurons elongated through micro-tunnels and reached cardiac
cells as confirmed by immunostaining. Furthermore, two weeks in vitro after
seeding the cells in the system, both iPS-CMs and SCG neurons successfully
attached to the MEA substrate and their spontaneous and stimulated activity
was recorded and analyzed. Extracellular recording showed that both the
beating rate of iPS-CMs and the bursting activity of SCG neurons increased
upon stimulation was only applied to the SCG neurons. These results indicated
that the novel system is suitable to assess their functional connection.

M32. Evidence for Agonist-Specific Mechanisms of
Cannabinoid Tolerance
Caitlin Nealon, Rebecca LaFleur, Nathan DeTurk, Daniel Morgan*

The focus of this study was to investigate whether G protein-coupled receptor
kinase (GRK) and βarrestin2-mediated receptor desensitization is required
for antinociceptive tolerance to WIN55,212-2, a synthetic, high potency
cannabinoid agonist. We used S426A/S430A mutant mice expressing a
desensitization-resistant form of cannabinoid receptor 1 (CB1) to investigate
the essential role of this mechanism in tolerance to WIN55,212-2. We have
previously shown that antinociceptive tolerance to Δ9-THC is mediated in
part by this mechanism, while tolerance to CP55,940, another high potency,
synthetic cannabinoid, is only very modestly affected by blockade of this
pathway. Antinociceptive tolerance to repeated daily administration of
WIN55,212-2 was assessed in wild-type and S426A/S430A mice using the
hot plate, tail flick, and formalin tests. We found that antinociceptive tolerance
to this agonist was profoundly delayed in the desensitization-resistant mice
compared to wild-type counterparts. Interestingly, this difference was not
observed in tolerance to the hypothermic or cataleptic effects of WIN55,2122. These findings suggest that GRK- and βarrestin2-mediated desensitization
of CB1 may be the predominant mechanism responsible for antinociceptive
tolerance to WIN55,212-2. This finding suggests the possibility of agonistspecific mechanisms of tolerance for different cannabinoid agonists.
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M34. Direct Actions of Dopamine in the Subthalamic
Nucleus: A Functional Characterization of the NigroSubthalamic Pathway
Asha Lahiri*, Hong-yuan Chu, Kate Wassum, Mark Bevan

The subthalamic nucleus (STN) plays a key role in the suppression and
termination of actions during normal voluntary movement. Like the striatum,
the STN is directly innervated by substantia nigra (SN) dopamine (DA)
neurons that selectively degenerate in Parkinson’s disease (PD). The functional
impact of the SN-STN projection and the consequences of its loss, however,
remain poorly understood. Using a combination of ex vivo electrophysiology,
pharmacology, optogenetics, fast-scan cyclic voltammetry (FSCV), and
behavioral testing we are examining how the SN-STN pathway regulates
STN output and movement. In single-cell STN recordings from mouse brain
slices, we found that 1) exogenously applied DA elicited a dose-dependent
increase in the frequency of autonomous firing, 2) this acceleration was
mimicked by co-application of D1- and D2-like DA receptor agonists and
was blocked by their respective antagonists, 3) cortico-STN glutamatergic
transmission and patterning were reduced in the presence of DA, and 4)
brief, localized application of DA or tonic (4 Hz, 30 s) and phasic (25 Hz, 1 s)
optogenetic stimulation of ChR2(H134)-expressing SN-STN inputs produced
a delayed increase in firing frequency. No evidence for GABA or glutamate
co-transmission was observed. Together, these data demonstrate that SN DA
neurons directly modulate the activity of the STN through the transmission
of DA. FSCV experiments are currently in progress to determine the level of
extracellular DA produced by tonic and phasic optogenetic stimulation. In
DA-depleted mice, STN neurons exhibit disrupted autonomous activity and
their firing becomes highly synchronized to cortical activity. This excessive
synchrony is tightly linked to motor dysfunction in sporadic and experimental
PD. Because DA promotes autonomous firing and reduces cortical patterning
of STN neurons, we are evaluating the therapeutic impact of DA replacement in
the STN in the unilateral 6-hydroxydopamine lesion model of PD.

M35. Cognitive-Motor Impairment in Patients With Type
II Diabetes
Stacey Gorniak*

Pathology induced by metabolic disorders, eg. Type II Diabetes (T2D), has
recently been linked to both sensory and motor deficits in the absence of a
formal clinical diagnosis of peripheral neuropathy. Additional studies have
demonstrated mild cognitive impairment (MCI) in T2D patients, which also
plays a role in one’s loss of ability to successfully perform basic manual self-care
activities. In order to investigate the contribution of cognitive dysfunction on
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motor performance, our lab has undertaken two specific projects to investigate
the potential for simultaneous cognitive and motor deficits exhibited by T2D
patients; one project focused on upper extremity function while the second
project focused on maintaining balance. In both projects, MCI, particularly in
the domain of working memory was found in the T2D group versus controls.
When T2D patients were asked to perform manual activities in conjunction
with working memory tasks (dual-tasking), manual performance declined
significantly versus controls while some aspects of cognitive performance
were impaired. Similarly, when T2D patients were asked to verbally recall
different words while maintaining their balance (dual-tasking), their indices
of balance were significantly impaired, as was cognitive performance. In both
studies, health state markers such as blood pressure measures were found
to co-vary with motor function. Decrements in sensory function (including
neuropathy diagnoses) were not found to co-vary with either cognitive or
motor performance in patients with T2D. Overall, our data suggest (1) deficits
beyond tactile dysfunction contribute to reduced motor function in T2D, and
(2) attentional allocation shifts in T2D patients may contribute to motor errors
as compared to controls. Further mechanistic work in this area is currently
ongoing in our laboratory.

M36. Somatostatin not Parvalbumin Interneurons Mediate
Feedforward Inhibition in the Basolateral Amygdala
Ethan Guthman*, Diego Restrepo, Molly Huntsman

The basolateral amygdala (BLA) is a brain region that plays a vital role in
associating specific environmental stimuli with emotionally salient valence
information. Excitatory principal neurons (PNs) encode this integrated
sensory-valence information (Herry et al, 2008; Paton et al, 2006; Shabel
& Janak, 2009). However, local BLA inhibitory interneurons (INs) gate the
activity and plasticity of the PNs (Ehrlich et al, 2009; Bissière et al, 2003;
Woodruff & Sah, 2007). One major source of feedforward inhibition to the
BLA is the lateral entorhinal cortex (Brothers & Finch, 1985; Mouly & Di
Scala, 2006), a cortical region associated with sensory object representation
(Keene et al, 2016; Tsao et al, 2013; Xu & Wilson, 2012). We hypothesized
that entorhinal afferents to the BLA would target distinct populations of INs to
drive feedforward inhibition of BLA PNs. To test our hypothesis, we performed
whole-cell electrophysiology in horizontal slices of adult mice. To determine
the role of entorhinal input in modulating BLA circuitry, we stimulated the
lateral entorhinal cortex while recording from BLA neurons. We show that
these afferents synapse onto somatostatin (SST) and parvalbumin (PV)
positive INs in addition to BLA PNs. To elucidate the role of the different INs
in feedforward inhibition, we expressed the inhibitory chemogenetic protein
hM4Di in SST and PV INs. These experiments revealed that CNO mediated
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inactivation of SST but not PV INs decreased feedforward inhibition onto
BLA PNs (median percent of control feedforward IPSC following inactivation
of SST INs: 55.3% with 46.6-66.2% interquartile range, p<0.01 Wilcoxon
signed rank test, n=8 cells, 4 mice; PV: 90.5% with 61.2-108.2% interquartile
range, p=0.31 Wilcoxon signed rank test, n=8 cells, 5 mice). In the BLA, SST
INs provide feedforward inhibition to PNs via putative dendritic targeting
inhibition. This is in marked contrast to other brain regions, where somatic
targeting PV INs provide this function.

M37. Functional Comparison of G Protein and Arrestin
Biased D2 Receptors
Brooks Robinson*, Kim Neve, Jonathan Javitch, John Williams

The dopamine D2 receptor is an inhibitory GPCR that couples to the Gi/o
family of G proteins. Activation of the D2 receptor results in neuronal
hyperpolarization via a GIRK channel conductance. Using electrophysiology,
the D2-GIRK current has been shown to desensitize in the continued presence
of agonist. The desensitization of GPCRs is canonically thought to involve
arrestin-dependent receptor internalization. However, using the 2-photon
imaging of FLAG-tagged D2 receptors in live neurons from acute brain slices, it
is seen that D2 receptors only minimally internalize while still desensitizing. To
address the mechanism of internalization as well as the role of G proteins and
arrestins in D2 receptor signaling, mutant G protein biased (GPB) and arrestin
biased (AB) receptors were created and virally expressed in neurons. It was
found that the activation kinetics as well as the desensitization of the D2-GIRK
currents differed between the two variants of the receptor. Additionally, the
internalization of the two receptor variants was investigated. Combined,
these results provide insight into the signaling and function of G proteins and
arrestins when coupled to the D2 receptor.

M38. A Novel Mouse Model for Parkinson’s Disease
Involving Genetic Knock-Down of Park2 and MCL1
Elizabeth Thomas*, Robert Baker, Jwan Nadhem, Steven Reed, Susanna
Ekholm-Reed

Parkinson’s disease is caused by the degeneration of midbrain dopaminergic
neurons, although the exact mechanism(s) for how neurons die is not clear.
Investigating genes and mutations associated with genetic PD, should lead to
an increased understanding of the etiology and pathology of the disease at the
molecular level, resulting in improved therapeutic options to treat PD patients.
The most frequently mutated gene in recessive hereditary PD is PARK2, which
encodes the protein Parkin, an E3 ubiquitin ligase thought to be involved
in mitophagy and programmed cell death. Studies from the Reed lab have
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identified a novel neuroprotective pathway involving Parkin, another ubiquitin
ligase, Fbw7, and the pro-survival Bcl-2 family member Myeloid cell leukemia
sequence 1 (Mcl1). Based on this, we developed a mouse model consisting of
genetic knock-down of Park2 and Mcl1 to assess the effects of these mutations
on PD-like behavioral phenotypes and dopamine neuronal death. Double
heterozygotes of Park2 and Mcl1 were intercrossed to generate mice with a
Park2-/-/Mcl1+/- genotype. Park2-/-/Mcl1+/- mice were compared to both
Park2-/- /Mcl1++ mice and Park2+/-/Mcl1+/- heterozygous control mice in a
variety of behavioral and phenotypic tests over the period of 1 year. Park2-/-/
Mcl1+/- mice exhibited a progressive impairment in rotarod behavior, with
deficits appearing as early as 16 weeks of age. In open field activity tests, Park2/-/Mcl1+/- mice show significant reductions in vertical activity and vertical
time, appearing at 24 weeks, with additional deficits in stereotypic behavior
and resting time by 32 weeks of age. At later time points (>32 weeks), Park2/-/Mcl1+/- mice showed significant declines in climbing behavior and gait, as
determined by the footprint test. Immunoreactivity to tyrosine hydroxylase, a
measure of dopamine neurons, was assessed at 1 year of age and these findings
will be discussed. The development of this new rodent PD model involving
Park2 and Mcl1 mutations is highly significant in that it provides a vehicle for
investigating how germline Parkin deficiency can lead to neurodegeneration.
Furthermore, since the neuropathology of PD due to genetic PARK2 mutations
and idiopathic PD are similar in many respects, insights gained from this work
are likely to be useful for understanding PD in general. The Park2-/-/Mcl1+/mouse is also significant in that it will provide a useful PD-related in vivo model
for drug discovery, given that a major hindrance to developing new therapeutics
for PD is a lack of rodent models that reflect both the etiology and progression
of the human disease.
Tuesday, January 31 • 3:30 p.m. - 4:30 p.m. • Jefferson/Madison

T1. Engineering CRISPR/Cas9 Constructs to Model the
Epigenetic and Transcriptional Phenomena that Underlie
Cocaine- and Stress-Related Behaviors
Peter Hamilton*, Elizabeth Heller, Idelisse Ortiz Torres, Dominika Burek, Sonia
Lombroso, Stephen Pirpinias, Rachael Neve, Eric Nestler

Multiple studies have implicated genome-wide epigenetic remodeling events in
brain reward regions following drug abuse and stress exposure. However, only
recently has it become possible to target a given type of epigenetic remodeling
to a single gene of interest, in order to probe the causal relationship between
such regulation and neuropsychiatric disease. Our group has successfully
utilized synthetic zinc-finger proteins (ZFPs), fused to either the transcriptional
repressor, G9a, that promotes histone methylation or the transcriptional
activator, p65, that promotes histone acetylation, to determine the behavioral
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effects of targeted in vivo epigenetic reprogramming in a locus-specific and
cell-type specific manner. Given the success of our ZFP approaches, we have
broadened our technical repertoire to include the more novel and flexible
CRISPR/Cas9 technology. We designed guide RNAs to target nuclease-dead
Cas9 (dCas9) fused to effector domains to the fosB gene locus, a locus heavily
implicated in the pathogenesis of drug abuse and depression. We observe
that dCas9 fused to the transcriptional activator, VP64, or the transcriptional
repressor, KRAB, and targeted to specific sites in the fosB promoter is sufficient
to regulate FosB and ∆FosB mRNA levels, in both cultured cells and in
the nucleus accumbens (NAc) of mice receiving viral delivery of CRISPR
constructs. Next, we designed a fusion construct linking the dCas9 moiety to
a pseudo-phosphorylated isoform of the transcription factor CREB (dCas9CREB(S133D)). CREB binding to the promoter of fosB gene has been
demonstrated underlie the cocaine-mediated induction of ∆FosB. We observe
that viral delivery and targeting of dCas9-CREB(S133D) to the promoter of
fosB is sufficient to up-regulate ∆FosB mRNA and protein levels in the NAc
of mice. These results suggest the validity of engineering dCas9 to induce
transcriptional events that control cocaine- and stress-related behaviors.
Supported by NIMH

T2. Anhedonia, Depression, Anxiety, and Craving for
Opiates in Opiate Dependent Patients Stabilized on Oral
Naltrexone or an Extended Release Naltrexone Implant
George Woody*, Evgeny Krupitsky, Edwin Zvartau, Elena Blokhina, Elena
Verbitskaya, Valentina Wahlgren, Marina Tsoy-Podosenin, Natalia Bushara,
Andrey Burakov, Dmitry Masalov, Tatyana Romanova, Arina Tyurina, Vladimir
Palatkin, Tatyana Yaroslavtseva, Anna Pecoraro

Background: Naltrexone is a μ-opioid receptor antagonist that blocks opiod
analgesic and euphoric effects. Opioid craving, depression, anxiety, and
anhedonia are common among opioid dependent individuals, and concerns
have been raised that naltrexone increases them due to blocking endogenous
opioid. Here we present information that addresses these concerns in a
secondary analysis of data from a naltrexone study. Methods: Opioid dependent
patients (N=306) were enrolled in a three cell (102ss/cell) randomized, double
blind, double dummy, placebo-controlled 6-month trial comparing extended
release implantable naltrexone, oral naltrexone (50 mg/day), and placebo
(oral and implant). Monthly assessments of affective responses used a Visual
Analog Scale for opioid craving, the Beck Depression Inventory, Spielberger
Anxiety Test, and the Ferguson and Chapman Anhedonia Scales. Outcomes
were analyzed using mixed model analysis of variance (Mixed ANOVA) with
repeated measures using Tukey test for between group comparisons.
Results: Depression, anxiety, and anhedonia were elevated at baseline but
reduced to normal within the first 1-2 months for patients who remained
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in treatment and did not relapse. No significant differences between groups
were seen other than increased anxiety prior to dropout at week 2 among
oral naltrexone/placebo patients. Conclusion: Naltrexone blockade of
opiate receptors did not induce anhedonia or depression among patients
that remained in treatment and did not relapse. These reductions occurred
regardless of medication group and were most likely due to treatment success.
Oral naltrexone 50 mg may increase anxiety, but its relationship to dropout is
unclear since it was seen only at week two. Trial Registration: clinicaltrials.gov
Identifier: NCT00218426

T3. Cue-Value Encoding in Distinct BLA Projections
During Appetitive Conditioning in Sign- and GoalTracking Rats
Ellen Lesser*, Helen Nasser, Danielle Lafferty, Sam Bacharach, Donna Calu

Individuals differ in the extent that they transition to addiction after exposure
to drugs of abuse. Similar individual differences in addiction susceptibility are
observed in animal models, such as the sign-tracking (ST) and goal-tracking
(GT) phenotypes identified by Pavlovian lever autoshaping procedures. Our
prior work demonstrated that ST rats display greater appetitive cue-driven
motivation and reduced behavioral flexibility compared to GT rats. BLA
projections to NAcC are involved in appetitive motivational processes, while
BLA projections to OFC are involved in behavioral flexibility. We propose
that differences in cue-value encoding in dissociable basolateral amygdala
(BLA) pathways, those projecting primarily to the nucleus accumbens core
(NAcC) and those to the orbital frontal cortex (OFC), underlie the behavioral
differences observed in sign-tracking (ST) and goal-tracking (GT) phenotypes.
We hypothesize that ST rats preferentially encode cue-value in BLAàNAcC
projection neurons, while GTs preferentially encode cue-value in BLAàOFC
projection neurons. This project aims to establish and use tools to identify and
characterize the real-time activity of BLAàNAcC and BLAàOFC projection
neurons in ST and GT rats. We have successfully applied an antidromic optical
phototagging approach, in which we express channelrhodopsin (ChR2) in
BLA and optically stimulate BLA terminals in NAcC or OFC while recording
BLA single unit activity. Offline waveform, frequency, and collision testing
of antidromic and spontaneously evoked spikes verifies identification of
BLAàNAcC neurons in awake, freely moving rats. We currently apply this
methodology to optically probe and record from both BLA pathways during
Pavlovian lever autoshaping. We test our hypothesis that individual differences
in appetitive motivation and behavioral flexibility of ST and GT rats are
mediated by activation of dissociable BLA projections to the NAcC and to OFC.
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T4. Disconnection of Basolateral Amygdala-Insular Cortex
Interferes With Both Goal-Tracking and Sign-Tracking
Danielle Lafferty*, Helen Nasser, Ellen Lesser, Donna Calu

A classic Pavloivan lever autoshaping procedure reliably distinguishes the
approach behavior of sign- and goal-trackers, a phenotypic trait difference
that has relevance for addiction vulnerability. Evidence suggests that signand goal-trackers rely on different basolateral amygdala (BLA) pathways to
shape behavior. Prior work demonstrates that disconnecting BLA and nucleus
accumbens (NAc) impairs sign- but not goal-tracking. Based on our prior work
demonstrating greater behavioral flexibility in goal-trackers, here we sought
to test the hypothesis that BLA mediates goal-tracking behavior through
interactions with brain regions critical for flexible behavior. More specifically,
we examine the role of reversibly disconnecting BLA from insular cortex (IC)
for the expression of sign- and goal-tracking behaviors. We trained rats in lever
autoshaping to determine their tracking tendency. On alternating test days we
injected vehicle or GABA agonist cocktail, baclofen and muscimol, unilaterally
into the BLA and contralaterally into IC prior to reinforced lever autoshaping
sessions. Disconnection of BLA and IC reduced both goal- and sign-tracking
behaviors. Our preliminary anatomical data using fluorescently conjugated
retrograde tracers to examine neuronal activation of the BLA-IC pathway after
lever autoshaping are consistent with our disconnection results. Together these
findings suggest that the BLA-IC projection may serve as a common pathway
for supporting approach behaviors in both goal- and sign-trackers.

T6. Effect of Cocaine Self-Administration Pattern on
Reinstatement, Sensitization, and Striatal Activity
Aaron Garcia*, Lindsay Yager, Susan Ferguson

Drug addiction is a complex disorder characterized by compulsive drugseeking and taking and high rates of recidivism, which is commonly modeled
by continuous access to cocaine self-administration. However, there’s evidence
that the pattern of drug intake may strongly influence drug-seeking behaviors.
We examined this further by comparing intermittent and continuous access
during extinction, cue-induced reinstatement, and sensitization. Despite taking
less cocaine, intermittent access animals had similar levels of reinstatement
compared to continuous access animals. Interestingly, only intermittent access
produced a reliable separation of individual animals such that the animals that
took the most drug also showed the highest drug seeking during extinction
and the highest levels of cue-induced reinstatement, potentially mimicking
the individual differences that are characteristic of human populations.
Additionally, intermittent access produced a subgroup of animals that escalated
their intake over time. We found that these escalators had significantly higher
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cue-induced reinstatement compared to the non-escalators. The ability of
cocaine self-administration to produce locomotor sensitization has been a
topic of substantial debate. We found that escalators showed robust locomotor
sensitization after intermittent access cocaine self-administration. In contrast,
non-escalators and continuous access animals did not show locomotor
sensitization. Intermittent access therefore produces a subpopulation of
animals that possess many of the characteristics associated with drug addiction,
including escalation of intake, high vulnerability to relapse, and sensitization.
We are currently examining the neurobiological underpinnings of these
population differences by examining neuronal activity patterns in the direct
and indirect pathways in dorsal striatum between escalator and non-escalator
animals through the use of 2-photon imaging of GCaMP6.

T7. Incentive Sensitization as a Function of Increasing
Experience With Self-Administered Cocaine Using an
‘Intermittent Access’ Procedure
Alex Kawa*, Brandon Bentzley, Terry Robinson

The temporal pattern of drug self-administration is a very important determinant
of subsequent changes in brain and behavior, but this variable has received
relatively little attention. The conventional “Long Access” model (6 hours;
no temporal restrictions) may not accurately reflect temporal patterns of
human drug use, which are intermittent and lead to frequent ’spiking’ brain
concentrations of drug. The importance of the temporal dynamics of selfadministration have been highlighted in a series of recent studies showing that
in brain slices a history of Long Access self-administration causes decreased,
tolerance-like effects on dopamine release; whereas a different procedure,
Intermittent Access (IntA) causes increased, sensitization-like effects on
dopamine release. The IntA procedure consisted of alternating 5 minute blocks
of cocaine access and 25 minute timeout blocks- producing successive “spikes”
in brain cocaine concentrations. Past work has shown IntA produced escalation
of intake, a progressive increase in cocaine demand, and robust drug- and
cue-induced reinstatement of drug-seeking behavior. To better understand the
changes in the brain driving these behavioral changes we used microdialysis
to sample neurochemicals in the nucleus accumbens core before and after 30
days of IntA. Rats were tested for their motivation to work for cocaine using a
behavioral economic procedure prior to IntA experience and then underwent a
microdialysis test session during which they were presented with the drug-paried
CS and later a contingent infusion of cocaine. A separate group of rats were
then given 30 IntA self-administration sessions followed by a final behavioral
economic test and an identical microdialysis test session. These studies are
ongoing and the results are yet to be determined, but early results suggest a
modest dopamine response to cocaine and no notable dopamine response to the
cocaine-paired CS in the animals tested prior to IntA experience.
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T8. Repetitive Brain Stimulation Induces Long-Term
Plasticity Across Patient Populations and Spatial Scales
Corey Keller*, Wei Wu, Rachael Wright, Naho Ichikawa, Julia Huemer, Melinda
Wong, Andrew Yee, Emmanuel Shpigel, Lisa McTeague, Maria Fini, Victor Du,
Ashesh Mehta, Amit Etkin

Introduction: Transcranial magnetic stimulation (TMS) targets specific brain
networks and rTMS applied to the left dorsolateral prefrontal cortex (dlPFC)
is a commonly used treatment for depression. However, our understanding of
the mechanism by which TMS exerts its antidepressant effect is minimal and
we currently lack a neural biomarker to predict and track clinical outcome.
Methods: 35 patients were randomized to receive either daily rTMS or sham
stimulation. Left dlpfc rTMS was applied at 10Hz for 20 consecutive weekdays.
Single pulse TMS-induced evoked potentials (TEPs) were recorded before
and after treatment. Clinical outcome was assessed with MADRS and HAMD
screening scores. In addition, intracranial electrode monitoring in an epilepsy
population provided electrophysiological evidence of acute brain network
effects following repetitive stimulation to the dlPFC. Results: Daily rTMS
elicited significant changes in the TEPs across distributed regions, most evident
in the p200 potential. The strength of P200 prior to rTMS strongly correlation
with clinical outcome and localized to bilateral DLPFC, MPFC, and ACC.
TEP changes were accompanied by a frontal reduction in early gamma and a
more distributed late alpha power suppression. Finally, parallel intracortical
10Hz dlPFC stimulation induced a long-lasting (~30 min) reduction in the
early (20-50ms) potential, which corresponded to gamma power suppression.
Discussion: Daily rTMS induces long-lasting neuromodulatory effects
temporally and spatially removed from the location of stimulation, but are
highly predictive of clinical outcome. Mechanistically, that rTMS induces a
reduction in early, local evoked gamma power and an increase in later alpha
power, suggesting decreased early local excitatory drive and increased later
network-level interactions. Future applications include utilization of this EEG
biomarker to optimize stimulation site, monitor treatment efficacy, and predict
treatment outcome.

T9. Exome and Whole Genome Sequencing in Domestic
Animal Models Exhibiting Individual Differences in
Aggression
Carlos Driscoll*, Dave Roberson, Clay Stephens, Stephen Lindell, Anna Kukekova,
Meredith Yeager, Christina Barr

Aggression can facilitate access to resources and mating opportunities
across mammals, including domestic species, and appears to be under
selection. However, in humans, exaggerated aggression is a hallmark of some
psychiatric and personality disorders. One approach to determining genetic
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factors contributing to variation in aggression is the study of the genetics of
domestication. At its most basic, domestication is a suite of heritable traits
affecting behavior. Among most domestic animal species, there is decreased
aggression and the ability to coexist with humans. The domesticated fox
(Vulpes vulpes) and the house cat (Felis silvestris catus) may be good
candidates for modeling how genetic variation contributes to aggressive
behavior in humans. The house cat, relative to its wild ancestor, manifests a
suite of heritable behaviors characteristic of domesticates, and the tame Russian
silver fox is recognized as a superior model of domestication. However, few
studies have attempted to identify intra- or inter-specific variation among
these species. Here, we explore a draft whole genome sequence of a domestic
cat (DC), a wild Asian leopard cat (ALC) (Prionailurus bengalensis) and
interspecies hybrid offspring (ALC X DC) differing in their levels of tameness.
We also explore genetic variation in two lines of fox selected for marked
differences in reactivity and temperament (tame vs. aggressive). One domestic
cat (DC), one Asian leopard cat (ALC) and interspecies hybrid offspring (ALC
X DC) were WGS at approximately 15X. Exploiting the phylogenetically
close relationship between the domestic dog and fox, we used a dog – based
exon assay (Agilent) to characterize genome-wide protein-coding variation in
tame-selected, aggressive selected, and unselected foxes farmed at the Institute
of Cytology and Genetics, Novosibersk, Russia and wild-caught foxes from
Maryland. In ALC–DC comparisons, SNPs, some of which are predicted to
be potentially deleterious by in silico analysis, were found in the transcribed
region of 1400 genes and in the coding region of 158 of those. Dog-on-fox
exon pulldown resulted in ~80% on-target capture with ~70% of the targets at
>20X coverage, successfully resolving >90% of the sequences expected from a
dog-on-dog assay. After filtering, ~500,000 SNPs were called in fox as compared
to the Broad dog assembly. Filtering dog vs. fox differences, ~50,000 SNPs
were novel in fox, as compared to the 2.5 X 10 6 SNPs reported for dog in the
Broad database. Domestic animals are generally less aggressive than their nondomesticated ancestors. Systems permissive of domestication and underlying
a “tame” phenotype range from those involving fear and impulse control to
those driving reward and sociality. Between tame and aggressive animals, we
identified damaging SNPs in gene systems influencing anxiety-like behavior,
transcription control, DNA repair, epigenetic processes, synaptic plasticity/
transmission, reward, and circadian rhythms. As these systems can contribute
to vulnerability to, or resilience to, human psychiatric disorders, identification
of genetic variation among domesticated animals with exaggerated differences
in their degrees of tameness may inform us of the human condition and
aid in identifying appropriate models for examining treatment response to
compounds being developed for the treatment of various psychiatric disorders.
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T10. Brain Delivery of the Glutamine Antagonist 6-Diazo5-Oxo-L-Norleucine (DON) via Prodrug Approach: A
Potential Treatment for Cognitive Impairment Associated
with Neuroinflammation
Arena Manning*, Michael Nedelcovych, Rana Rais, Jesse Alt, Barbara Slusher

Neuroinflammation has been linked to a wide range of neurological diseases
associated with impaired cognition. Mounting evidence suggests that cognitive
impairment in these disorders is mediated in part by aberrant glutamate
metabolism downstream of macrophage/microglia activation. Peripheral
administration of the bacterial endotoxin lipopolysaccharide (LPS) is
frequently employed as a model of neuroinflammation previously shown
to result in elevated extracellular brain glutamate and cognitive impairment
in mice. Thus, normalizing extracellular glutamate levels could potentially
restore cognitive performance in LPS-challenged mice. Glutamine serves
as the main precursor to glutamate synthesis via the enzyme glutaminase,
representing a novel therapeutic target for pharmacologically attenuating
glutamate overproduction. The broad glutamine antagonist 6-Diazo-5-oxo-Lnorleucine (DON) has been shown to attenuate glutamate release caused by
immune challenge both in vitro and in vivo, and improve cognition in multiple
animal models of neuroinflammation. However, the clinical utility of DON
is limited by gastrointestinal (GI) toxicity. To enhance DON’s therapeutic
index, we utilized a prodrug strategy to increase its lipophilicity and brain
delivery and limit systemic exposure. Dual promoeity DON prodrugs were
synthesized by addition of alkyl esters to DON’s carboxylate functionality
with further masking of DON’s amine group by N-(acyloxyalkoxycarbonyl)
derivatives. DON prodrugs were metabolically stable in human, monkey,
and pig plasma and provided >10 fold enhancement in CSF/plasma ratio
after in vivo administration in pig. We then assessed whether a select DON
prodrug, JHU083, could reverse cognitive impairment in LPS-challenged
mice by measuring consolidation of contextual conditioned fear (CF). LPS
(0.1, 0.3, 1 mg/kg, i.p.) administered immediately after conditioning induced
a dose-dependent deficit in memory consolidation that was blocked by
co-administration of JHU083 (1.82 mg/kg, i.p). These results suggest that
glutamine antagonism may be a useful treatment for neuroinflammationinduced cognitive impairment. The prodrug strategy reported here may also
provide a path to DON utilization in these patients.
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T11. A Cholinergic Feedback Mechanism to Modulate
Dopaminergic Learning within the Striatum in Response
to Striatal Population Uncertainty
Nicholas Franklin*, Michael Frank

Multiple lines of evidence suggest striatal spiny neurons facilitate reinforcement
learning through learning a representation of action values as a function of
dopaminergic reward prediction errors. However, in stochastic environments
adaptive behavior necessitates the consideration of uncertainty when updating
these action values. Here, we consider how cholinergic tonically active neurons
(TANs) may allow uncertainty within the striatum to govern the learning
rate through the modulation of spiny neuron excitability in conjunction with
the dopaminergic reinforcement signal. In a neural model, TANs regulate
the excitability of spiny neurons during dopaminergic reinforcement and
consequently the effective learning rate. Long TAN pauses facilitated robustness
to irrelevant stochastic outcomes by increasing the divergence of synaptic
weights between neurons coding for alternative action values, whereas short
TAN pauses facilitated increased responsiveness to change-points at a cost of
increased sensitivity to ignorable stochasticity. Through reciprocal connections,
TANs directly detected uncertainty in the spiny neuron population by detecting
the coincidence of activity for competitive responses. This coincidence
detection dynamically modulates the TAN pause duration, creating a feedback
mechanism that allows the system to self-tune its behavior across stochastic
environments. We discuss novel empirical predictions of the model and their
implications for human behavior.

T12. Chronic Stress Alters Fear Behavior in a
Neuromodulator-Dependent Manner
May Hui*, Moriel Zelikowsky, David Anderson

Stress is a powerful experience that effects virtually all animal species. We
tested the effects of delivering various forms of stress on subsequent fear
behavior using an overhead looming stimulus assay as our behavioral readout.
Interestingly, we found that various forms of chronic stress produce an
increase in persistent fear responding to the looming stimulus, and that this
effect is dependent on the type of chronic stressor employed. Given previous
results in the laboratory indicating a role for various neuromodulators in
the looming assay, we were interested in exploring the possibility of a larger
role for neuromodulators in mediating chronic stress. Combining cre-mouse
lines crossed to a fluorescent reporter mouse and applying CLARITY to map
brain-wide neuromodulator expression, we found that chronic stress produces
an increase in expression of various neuromodulators across brain regions
known to encode stress and that this increase correlates with the degree of
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fear persistence produced by each chronic stressor. Consistent with these
data, we found that various perturbations of these neuromodulatory systems
in stressed mice was able to block this fear persistence, and that conversely,
driving this system in unstressed mice was sufficient to induce persistent fear
responding. Collectively, our data point to a broad role for neuromodulators in
the regulation of chronic stress.

T13. Development of a Touchscreen Cognitive Test to
Assess Relational Memory in Mouse Models
Rebecca Norris*, Jess Nithianantharajah

Executive function refers to a suite of cognitive functions that facilitate the
control of goal-directed behavior, such as inhibitory control and flexibility,
as well as higher order processes such as reasoning and planning. Cognitive
symptoms are core features of most neurological and neuropsychiatric disorders
and often involve disruptions to aspects of executive processing. Assessment of
distinct aspects of executive functions in animal models of disease is therefore
highly relevant; however, this has been challenging, due in part to limitations
in the traditional animal behavioral tests available. Here we present the
development of a test for Transitive Inference (TI) in the rodent touchscreen
system, to examine relational memory and cognitive flexibility in mice. Animals
are trained on overlapping pairs of stimuli such that the higher member of
each pair is rewarded: (A+, B-), (B+, C-), (C+, D-) and (D+, E-), implying
a linear hierarchy in reward contingency (A > B > C > D > E). Following
acquisition of the stimulus pairs, TI is examined by presenting novel pairings of
familiar stimuli (e.g., A and E, B and D). Our results show that adult wild type
C57BL/6J mice are robustly able to perform this visual touchscreen version
of TI. Our findings provide a novel tool for assessing the impact of genetic and
pharmacological manipulations on relational memory and cognitive flexibility
in mouse models. This will have implications for expanding our understanding
of cognitive dysfunctions relevant to human disorders and the development of
therapies.

T14. Noradrenergic Stabilization of Olfactory Learning in
the Olfactory Bulb
Christiane Linster*, Nathanlie Mandairon

Neuromodulators have profound effects on neural processing and can mediate
broad brain states such as arousal and attention. Studies have demonstrated
both acute (typically in vitro) and chronic (typically behavioral) effects of
these modulators, but their interactions – how the chronic behavioral effects
arise from the acutely measurable effects – is poorly understood. We here show
that stabilization of memory occurs at acute time scales even if behaviorally
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expressed only at longer time scales, and is strongly dependent on noradrenaline
(NE). Specifically, we show that optogenetic blockade of noradrenergic inputs
to the olfactory bulb modulates stabilization of olfactory memory. Mice with
NE inputs blocked could acquire an olfactory discrimination at the same rate as
control mice, could recall this discrimination two hours after training, but were
severely impaired 24 hours later compared to controls. In a second experiment,
mice trained with noradrenergic inputs blocked were able to reverse the learned
odor-reward relationship significantly more easily than were control mice. These
results indicate that mice with blocked noradrenergic inputs to the olfactory
bulb develop learned relationships that initially appear normal, but are less
stable (i.e., more easily reversed).

T15. Communication Between the Orbitofrontal Cortex
and Hippocampus Contributes to Dynamic Inter-Temporal
Choice
Jack-Morgan Mizell*, Huzaifa Wasanwala, Deandra Chetram, Margaret Ann
Kreher, Rukmini-Sara Sosa-Garcia, Sarah A Johnson, Sara N Burke, Andrew P.
Maurer

Decisions are often made in the face of changing information and dynamic
contingencies. This process requires constant updating of representations
regarding cost versus reward in order to optimize future decisions (Holmes,
Trueblood & Heathcote, 2016). This neural computation likely requires
orchestrated communication across the medial temporal lobe and prefrontal
cortices. Despite this multiregional dependency, research on the role of the
orbitofrontal cortex (OFC) and hippocampus (HPC) in decision-making has
continued independently (Wikenheiser & Schoenbaum, 2016). Therefore,
we investigated how OFC-HPC interaction supports decision-making in a
dynamic spatial delay discounting task, which tests an animal’s preference for
a large reward preceded by a delay over a small immediate reward (Papale &
Redish, 2012; Breton, Seeland, and Redish, 2015). Rats were implanted with
four guide cannulae bilaterally targeting the lateral OFC and dorsal HPC for
administration of the GABAA agonist, muscimol, or vehicle control. This
enabled bilateral inactivation of the OFC or HPC as well as an OFC-HPC
disconnection condition (contralateral OFC-HPC muscimol infusions).
Supporting prior literature, there were differences in behavior following
either bilateral OFC or bilateral HPC inactivation. Importantly, disrupted
communication between these two structures also altered performance in the
dynamic spatial delay decision-making task. Specifically, we observed deficits
in the ability to integrate task parameters, instability in behavioral performance
in conjunction with deliberation, and working memory errors. This research
supports a systems-level approach to investigating decision-making and
highlights how the OFC and HPC dynamically interact to tune behavior.
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T16. Titi Monkeys as a Translational Non-Human Primate
Model for the Neurobiology of Social Bonds
Karen Bales*

For many years, the only animal model for the neurobiology of pair-bonding
has been the prairie vole. While the study of prairie voles has advanced our
understanding immensely, there are taxonomic differences between rodents
and primates that make a non-human primate model desirable. For the last
ten years, we have worked with titi monkeys (Callicebus cupreus), a socially
monogamous New World monkey. In a series of studies, we have found
both similarities and differences between voles and titis in the formation and
maintenance of pair-bonds in males. Titi monkeys express vasopressin AVPR1a
receptors in the nucleus accumbens, whereas voles express oxytocin receptors
(OXTR) in the same area; however, titis do have OXTR binding in the lateral
septum. Formation of a new pair-bond in titi monkeys is associated with a
sustained increase in whole brain fluorodeoxyglucose (FDG) uptake, as well
as significantly higher increases in the mesolimbocortical areas and in social
memory areas such as the lateral septum. A challenge to the pair-bond, seeing
the mate next to a strange male, increased FDG uptake in the lateral septum as
well; whereas pairing for 4-9 weeks led to an increase in dopamine D1 receptors
in the same area. Another type of challenge, a long or short separation from
the pair-mate, led to widespread neural and hormonal changes including a
down-regulation of whole brain FDG uptake. Vasopressin administration led
to an increase in contact with the mate; while GNTI, a kappa opioid antagonist,
decreased the behavioral response to separation from the pair-mate. We have
also used this model to examine long-term effects of intranasal oxytocin, as is
currently being used in humans. Here we will present an integration of all these
results into a neural model for pair-bonding in male titi monkeys. This research
supported by NIH HD053555 and HD071998.

T17. Simiate and the Focal Adhesion Kinase FAK1
Function in Neuronal Arborisation and Aging
Ramya Rama, Kristin Derlig, Roman Gossmann, Nina Vießmann, Fabian Oriold,
Andreas Gießl, Helmut Brandstätter, Ralf Enz, Regina Dahlhaus*

The development of the mammalian brain is a fascinating and long-lasting
process, extending far into adulthood and finally ending in senescence. Recent
research gave rise to a model where different transcription factors are detailed to
distinct facets and phases of dendritogenesis. Remarkably though, components
of the cytoskeleton such as Actin or microtubule binding proteins have been
shown to be targets of transcription factors in the context of dendritogenesis,
thus suggesting that dendritic arborisation is driven by diverse connections of
transcription factors on the one side and the cytoskeleton on the other. Adding
to this concept, we here not only illustrate details of how distinct aspects of
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dendritogenesis are regulated, but provide evidence that the model may also
apply to ageing, and that factors driving dendrite development may function in
age-related degeneration. A protein directly associating with Actin and involved
in neuronal arborisation is Simiate. The protein is present in dendrites as well
as in the nucleus, where it enriches in nuclear speckles, organisation centres
of the transcription and splicing machinery. Using subcellular fractioning,
coprecipitations and dendrite tracking, we show that Simiate is able to associate
with the Focal Adhesion Kinase FAK1, and that they regulate dendritic
arborisation in a localisation-dependent manner: While somatic FAK1 and
Simiate demonstrate a striking colocalisation in Actin-rich areas of growth
cones upon neurotrophin induced dendritogenesis, the association of nuclear
FAK1 and Simiate remains untouched by the stimulation. In fact, nuclear
Simiate prefers to bind to a 80kDa isoform of FAK1 (FAK80), which is known
to regulate transcription factor activity. A co-expression of FAK1 and Simiate
in the nucleus indeed rescued exaggerated transcription and primary dendrite
formation triggered by nuclear Simiate, thus suggesting that nuclear FAK1 and
Simiate counterbalance each other to control gene expression and primary
dendrite formation. Considering the extensive degeneration of dendrites during
ageing and the role of FAK80 in apoptosis, we applied d-Galactose to induce
senescence in cultured primary neurons. The experiments revealed that somatic
as well as nuclear Simiate decrease early in senescence related degeneration,
whereas an increase in nuclear FAK1 is observed upon apoptosis. Looking at
neurons of naturally aged animals (Mus musculus), Simiate, but not FAK1, is
found to be abundantly present in LAMP/alpha-Synuclein positive clusters,
which sometimes even occur inside nuclei, indicating a loss of functional
Simiate during ageing. Super Resolution Imaging revealed that the cluster
formation does not impair the over-all organisation of the transcription and
splicing machinery in nuclear speckles. Taken together, the data thus suggests
that a loss of functional Simiate is involved in age-related neuronal degeneration
and further implies a dual role for factors controlling arborisation.

T18. Formation of Axonal Filopodia in Developing Neurons
is Influenced by Synaptotagmin-Associated Exocytosis
Karen Greif*, Almudena Pacheco-Garcia, Annie DeHart, Mian Horvath, Lauren
Sauers, Gianluca Gallo

Synaptotagmin-1 (syt1), a Ca2+-binding protein that functions in regulation
of vesicle exocytosis at the synapse, is expressed in many types of neurons
well before synaptogenesis begins both in vivo and in vitro. We recently
demonstrated that syt1 plays a role in regulating axon branching and filopodial
dynamics in developing embryonic chick forebrain neurons. Overexpression
of syt1 increased the formation of axonal filopodia and branches. Conversely,
knockdown of syt1 decreased the numbers of axonal filopodia and branches.
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The mechanism by which syt1 exerts its influence on axon development is
unknown. In order to investigate whether syt1 accomplishes its effects on
filopodia using a mechanism similar to its role at the synapse, we generated
mutant versions of synaptotagmin with inactivated Ca2+-binding C2 domains.
Overexpression of mutated syt-1 does not increase axon filopodia. Using a syt-1
Phluorin construct, we also demonstrate that syt1 is transferred to the filopodial
membrane during filopodia elongation. These data support the hypothesis
that syt1 functions to enhance axonal filopodia and branch development using
Ca2+-regulated exocytosis akin to its function at the synapse. This research was
supported by grants from Bryn Mawr College (KFG) and from NIH (GG).

T22. Ghrelin Promotes Food Odour Conditioning
Jung Eun Han, Julie Boyle, Yashar Zeighami, Kevin Larcher, Theodore McConnell,
Johannes Frasnelli, Marilyn Jones-Gotman, Alain Dagher*

Ghrelin is a gut peptide that promotes food intake and regulates energy balance
by targeting the homeostatic hypothalamic-brainstem circuits. Ghrelin also
acts on other brain regions such as the hippocampus and targets of midbrain
dopamine neurons. Dopamine neurons are thought to encode the discrepancy
between actual and expected reward values (i.e., the reward prediction error or
RPE) to guide cue-reward learning. Therefore, ghrelin is speculated to promote
food-cue associative learning. To test this hypothesis, 29 young, normal-weight
individuals underwent 2 fMRI sessions on different days following intravenous
ghrelin or saline injections, in counterbalanced order. During each scan they
performed a conditioning task in which abstract images were paired with
equally pleasant food and non-food odours on a 50% reinforcement schedule.
Upon viewing each image, subjects indicated whether the image was made
of curvy or straight lines using a two-button mouse. A subset of participants
(n=19) rated pleasantness of the images throughout the scan, and again after 24
hours. The Value and RPE of each event were generated using a computational
model. Following ghrelin treatment, participants responded faster toward
food odour-associated images compared to the nonfood-related stimuli, while
the opposite pattern was seen in the saline condition. In line with this, ghrelin
induced stronger RPE-related activity during food versus nonfood conditioning
in the brain regions previously associated with RPE (e.g. putamen). In the
hippocampus, RPE-related activity on food trials was greater in the ghrelin
compared to saline condition. Moreover, ghrelin generated stronger functional
connectivity between the hippocampus and the ventral striatum (VStr) on
food compared to nonfood trials compared to the saline condition. Potentially
as a consequence of facilitated learning, we observed in the ghrelin condition
significant food value-related activity in the parts of the ventromedial prefrontal
cortex and the VStr known to subserve subjective value. VStr value-related
activity also correlated with hedonic scores. Finally, the delayed rating task
revealed that the images paired with food odours following ghrelin infusion
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were perceived to be more pleasant than novel images. In conclusion, ghrelin
may accelerate the ability of a neutral stimulus paired with food, but not
non-food, odours to acquire conditioned value. This process may derive from
ghrelin’s actions on the brain regions involved in learning and motivation.

T24. Amylin: A Novel Neurotrophic Hormone Regulating
Brain Energy Homeostasis Pathways
Barry Levin*

The pancreatic hormone, amylin, is co-secreted with insulin in response to food
intake. It is a well-described satiety factor which acts on the area postrema to
terminate individual meals. Amylin also enhances (sensitizes) leptin signaling
in the arcuate (ARC) and ventromedial hypothalamic nuclei by stimulating
resident microglia to produce IL-6 which binds to its IL-6/gp130 receptor
to co-activate STAT3 downstream of the leptin receptor. Here we show
that amylin also acts, sometimes in its role as a sensitizer of leptin signaling,
to promote hypothalamic neuronal pathway development and possibly
neurogenesis. Rats selectively bred to develop diet-induced obesity (DIO)
on high fat diets are inherently leptin resistant before they become obese.
As a consequence they have defective development of the leptin-dependent
development of axonal projections from ARC AgRP and POMC neurons to
the paraventricular nucleus (PVN). They also have a reduced number of ARC
POMC neurons as compared to diet-resistant rats. Early postnatal amylin
treatment corrects impaired DIO ARC leptin signaling, increases the number
of their ARC POMC neurons and enhances their ARC-PVN AgRP and
aMSH (from POMC neurons) axonal projections to the PVN. The effect on
ARC-PVN AgRP pathway development appears to require amylin-induced
production of IL-6, while the aMSH pathway enhancement appears to be
both IL-6- and leptin-independent. Thus, amylin appears to have neurotrophic
properties which act in a leptin-dependent and independent fashion as a
modulator of ARC-PVN pathway development and neurogenesis.

T25. In Vitro Applications of a Primary Brainstem Culture
System from Adult Zebrafish
Andrea Solano*, Rayshell Sands, Stephanie Mangels, Martin Oudega, Jeffery
Plunkett

The adult zebrafish (Danio rerio) has been identified as a successful model
system to study various aspects of central nervous system (CNS) regeneration.
In mammals, CNS neurons fail to regenerate their axon after injury due at least
in part to the presence of growth-inhibitory molecules such as chondroitin
sulfate proteoglycans (CSPGs). This is in contrast to zebrafish, in which
certain CNS neuronal populations regenerate their axon after an injury
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despite the presence of CSPGs. To investigate the axonal growth response of
zebrafish neurons in the presence of CSPGs, we developed and characterized
a unique primary, brainstem-derived, cell culture system. This heterotypic
culture contains neurons, glia, and stem/progenitor cells. Our preliminary in
vitro data showed the presence of distinct populations of stem cell-derived
neural progenitor cell populations that can differentiate into mature neurons
and extend processes into CSPG-rich terrains. In the present study, we
investigated a potential role for CSPGs in the differentiation of adult zebrafish,
brainstem-derived, stem cells into neurons. We hypothesized that CSPGs
promote the differentiation of stem cells into neurons to enable CNS repair.
We then examined whether specific concentrations of CSPGs combined with
laminin as a growth-promoting substrate play a role in the degree of neuronal
differentiation seen after 7 days in culture. Cellular/morphological analysis
of CSPG/laminin substrate cultures revealed a more prominent neuronallike differentiation pattern when compared to a laminin alone substrate
condition. Furthermore, immunocytochemical and statistical analysis revealed
a phenotypic and quantitative basis for better understanding of the roles of
CSPGs and stem cells in CNS regeneration as seen in teleost fishes.

T26. Analysis of Putative Stem and Neural Progenitor Cell
Populations Following Traumatic Brain Injury in Adult
Zebrafish
Michael Fernando*, Abdiel Badillo, Martin Oudega, Jeffery Plunkett

Although post-embryonic neurogenesis is limited in the mammalian brain,
zebrafish (Danio rerio) retain multiple proliferative neurogenic and stem cell
niches throughout adult life. The focus of our research is to study how traumatic
brain injury (TBI) affects the induction of neurogenic progenitor cell fates in
the adult zebrafish brain. We hypothesize that TBI will induce an endogenous,
quiescent population of progenitor cells that act to integrate and enable the
regenerative response seen following injury in the fish. Preliminary data have
shown prior to injury, the putative stem and neural progenitor markers Sox-2,
neuroD1 and nestin were expressed around and near ventricular areas of ventral
brainstem regions. Furthermore, following 1,3 and 5 days post-TBI, (focal
brainstem injury), unilateral migration of stem cells moving out of ventricular
areas toward the injury epicenter was observed. These migrating cells displayed
an increase in Sox-2, Neurod1 and PCNA immunoreactivity. We are currently
examining these and other time points with the hope to correlate neural-specific
gene expression with the migration and differentiation of stem progenitor cells
within the injury site.
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T27. Assessment of High Velocity Head Impacts Using
Transcranial Magnetic Stimulation in Australian National
Ice Hockey Players: A Multiple Case Study
Alan Pearce*, Nicole Aimers, Lucy Parrington

Comprising of eight teams, players in the Australian Ice Hockey League (AIHL)
are elite, attracting college players from the United States and Canada, as well
as former professional players from European and American Leagues up to
the standard of the National Hockey League (NHL). To date, no study has
tracked in-game head impacts with follow-up measures in AIHL players. The
aim of this multiple-case study was to investigate neurophysiological responses
using transcranial magnetic stimulation (TMS) following high impact events
over the course of the 2016 AIHL season. Data was collected from 11 male
players (28.8 ± 6.8 years) recruited from one AIHL team. Using previously
published methods for concussion studies, TMS (MagVenture, Denmark) was
used to quantify corticospinal excitability, via motor evoked potential (MEP)
amplitude and intracortical inhibition from TMS cortical silent period (cSP).
Players who had registered a high threshold event (66 g or 4500 rads/s2)
during the game using impact sensors (X2 Biosystems, USA) were compared
at three and 10 days, to their baseline measures. Six players sustained in-match
impacts of greater than 66 g or 4,500 rads/s2 (mean in-match linear acceleration
of 93.48 ± 21.68 g; mean rotational acceleration of 12,532.76 ± 4,682.76 rads/
s2). All six players showed no immediate signs or symptoms of concussion
post-match. Clinical follow up, at three days post-match, revealed five of the six
players were asymptomatic. However, three of these players showed an increase
in cSP between 6.7 ms to 10.6 ms, returning to baseline levels by 10 days.
Despite no immediate symptoms, one athlete who sustained a 98.8 g/19,703.89
rads/s2 impact was found to have delayed symptoms of concussion in follow
up clinical assessment and testing at both three and 10 days post-match. This
player demonstrated no change in MEP amplitude but displayed an increased
cSP of 20.8 ms at three days, remaining increased by 23.98 ms at 10 days, in
comparison to baseline. The findings of this study reinforce previous TMS
studies investigating corticospinal responses during the acute recovery phase
following concussion. This multi-case study illustrates measureable changes in
corticospinal excitability associated with high impact head trauma that may not
manifest as concussion immediately, and can also be an adjunct to follow up
clinical assessment for return to play decisions.
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T28. Visualizing Reward Circuitry and CNS Weight
Management Pathways
Bradley Tanner*, Mary Metcalf, Brian Tanner

The consequences of obesity are broad and severe: Two-thirds (66%) of U.S.
adults are considered at least overweight (BMI ≥ 25 kg/m2), while one-third of
adults are categorized as obese (BMI ≥ 30 kg/m2). The various hormones and
neuropeptides associated with weight regulation establish obesity as a complex
medical problem with strong scientific evidence. Understanding the biological
mechanisms can and should guide current and future therapies. Unfortunately
students often have a very cursory understanding of the carefully coordinated
CNS processes involved in weight management. Unlike other bodily systems
such as kidney filtration and the heart’s pumping action, the brain doesn’t lend
itself to exploration; understanding the complicated CNS systems involved
in weight management is difficult. Students need a tool to internalize a robust
3D model of the brain and its circuitry as it relates to obesity and weight
management. In the first phase of the project we are developing a 3D model of
the brain using Unity 3D to demonstrate the complex biological basis of obesity
medicine. This model can be viewed in two ways: 1) a standard 2D video of the
same model (delivered on a computer monitor or tablet) or 2) an immersive
exploration of the relevant structures with students wearing an Oculus headset
and visually “exploring” the model. This immersive experience will be delivered
via Facebook’s Oculus Rift 3D virtual reality platform with hand and head
position controls to enable users to control their experience. In the study we
are comparing the effectiveness the more immersive experience delivered
via Facebook’s Oculus virtual reality platform vs. the 3D model of the CNS
delivered via standard passive video in terms of knowledge of neuroanatomy
and neurochemistry, attitude regarding the biological basis of obesity, and
user satisfaction. Early data shows high satisfaction with 3D VR vs. video
presentation. Data collection is ongoing.

T29. Using Resilience to Predict Patient Outcomes in a
Psychiatric Population
Genevra Myers*, Anita Kablinger, J. Eric Vance

Introduction: Poor patient outcomes are common in psychiatry and efforts
to understand the factors that influence these outcomes are ongoing. Patient
resilience is defined as the ability to overcome and thrive despite facing
challenges. This study explores the value of resilience as measured by the
Connor-Davidson Resilience Scale (CD-RISC) in predicting future medical
care utilization.
Methods: Adult patients were recruited from the adult inpatient psychiatric
unit of Carilion Roanoke Memorial Hospital in Roanoke, Virginia. Exclusion
200

50th Annual Winter Conference on Brain Research

criteria included involuntary admissions, inability to give informed consent
or complete the survey, and age <18 years old. A randomized version of the
CD-RISC was completed by each participant. After a subject’s discharge,
their length of stay, number of medications, and number of diagnoses were
extracted from the medical record. After six months, the number of outpatient
encounters, ED and urgent care visits, hospital admissions, and days spent
in inpatient psychiatric units were determined using the electronic medical
record. Using average medical costs for the US, estimated healthcare costs for
that six-month period was calculated as our primary outcome measure. Linear
regressions were performed comparing CD-RISC score to each outcome
measure. Results: One hundred subjects were recruited (58 female and 42
male). CD-RISC scores ranged from 8 to 93, with a median of 58. Linear
regressions of estimated healthcare cost and other outcome measures vs
CD-RISC show no statistically meaningful association with outcome measures.
Subgroup analysis showed that CD-RISC may have predictive value among
subjects with at least a bachelor’s degree, those with an annual household
income >$75,000, and those identifying as gay, lesbian, or bisexual. However,
statistical significance was not reached for any of these population associations.
Conclusions: No statistically significant associations between CD-RISC score
and any outcome measures were found. Analysis of subpopulations showed
that there may be predictive value of resilience in certain demographics, but
more investigation is required.

T31. Evaluation of GluN2A-Selective Negative Allosteric
Modulators as Pharmacological Tools
Feng Yi*, Robert A. Volkmann, Frank S. Menniti, Kasper B. Hansen

NMDA receptors (NMDARs), a class of ionotropic glutamate receptors,
mediate a major component of excitatory synaptic transmission and regulate
synaptic plasticity in the central nervous system. NMDAR dysregulation is
also implicated in numerous neurological and psychiatric disorders. NMDA
receptors with different subunit compositions have distinct temporal and
spatial expression in the mammalian brain, but studies on their specific roles in
brain function are hampered by the lack of subunit-selective pharmacological
tools. TCN-201 has been reported as a GluN2A-selective negative allosteric
modulator (NAM), but the poor solubility of TCN-201 limits its usefulness as
a pharmacological tool compound. In addition, NAM inhibition of GluN2Acontaining NMDARs is surmounted by increasing glycine concentrations. Here,
in comparison with TCN-201, we evaluated two new, more soluble NAMs,
MPX-004 and MPX-007. All of the three NAMs selectively inhibit GluN2Acontaining NMDARs, including diheteromeric GluN1/2A and triheteromeric
GluN1/2A/2B NMDARs. Fast-application whole-cell patch-clamp recordings
demonstrate that MPX-004 and MPX-007 elicit almost complete inhibition of
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GluN2A-containing NMDA receptors at physiological glycine concentrations
(1-10uM) under conditions relevant to synaptic transmission. These results
suggest a potential use of the compounds for the pharmacological isolation
of diheteromeric GluN1/2B receptors from diheteromeric GluN1/2A and
GluN1/2A/2B NMDARs in central synapses. The high potency and efficacy
of MPX-004 and MPX-007 for inhibition of GluN2A-containing NMDARs in
the presence of physiological concentrations of glycine enable them to be useful
pharmacological tools for studies on synaptic transmission, neural circuits, and
brain function.

T32. Sex and Agonist-Specific Mechanisms of Cannabinoid
Tolerance in a Chemotherapy-Induced Pain Model
Josee Guindon*, Henry Blanton, Kelsey Donckels, Jennifer Lilley, Daniel Morgan

Cannabis-like compounds have demonstrated anti-inflammatory properties in
various animal pain models. The synthetic cannabinoid, CP55,940, and also
Δ-9-tetrahydrocannabinol (∆9-THC), the main psychoactive and analgesic
cannabinoid component in cannabis, can modulate chronic pain perception.
The goal of this study is to evaluate the sex-specific and dose-dependent antiallodynic effects of CP55,940 and ∆9-THC in a newly optimized cisplatininduced (cisplatin 5 mg/kg ip administered once weekly) mouse model of
chemotherapy pain. A great deal of previous research has shown the role of
c-Jun N-terminal kinase ( JNK) signaling in the regulation of tolerance for G
protein-coupled receptor (GPCR) agonists including morphine and ∆9-THC.
In this study, we tested the independent anti-allodynic effects of SP600125
(3mg/kg ip), a selective JNK inhibitor, as well as the ability of this compound
to alter tolerance for the anti-allodynic effects of CP55,940 and ∆9-THC. We
find an attenuated and shorter duration of effect for SP600125 (3 mg/kg ip) in
female mice relative to male suggesting that the role of JNK signaling in pain
and GPCR regulation may be sex-specific. Moreover, we find that inhibition of
JNK signaling in male mice causes a profound delay in tolerance for the antiallodynic effects of ∆9-THC in our chemotherapy-induced pain model. We
also observe that the anti-allodynic effects of CP55,940 are dose-dependent
and short lasting in female mice relative to males and also that pre-treatment
with SP600125 does not delay tolerance to CP55,940. These results suggest
that cannabinoid tolerance is mediated through both sex- and agonist-specific
mechanisms. However, additional ongoing work in our laboratories is needed to
confirm this hypothesis. A better understanding of the agonist and sex-specific
mechanisms responsible for cannabinoid tolerance are mandatory to advance
the development of long lasting, highly efficacious, and personalized pain
therapies.
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T33. Neural and Behavioral Changes in Coping with Acute
Pain after Cognitive Behavioral Therapy: A Randomized
Controlled Trial
Antoni Kubicki*, Marina Shpaner, David Seminowicz, Nina La Rosa, James
Bishop, Alan French, Elizabeth McCallion, John Mantegna, Francis Keefe,
Magdalena Naylor

Chronic pain is a complex physiological and psychological condition,
characterized by hypersensitivity to noxious stimulation, likely caused
by persistent changes in the central and peripheral nervous systems. We
hypothesized that the CNS abnormalities can be reduced with Cognitive
Behavioral Therapy (CBT), and that the development of better coping skills
as a result of such training will influence perceptual and neural responses to
acute pain. Functional neuroimaging during an acute pain task was performed
in patients with chronic musculoskeletal pain before and after an elevenweek CBT intervention (n=58), as well as a matched (ages 19-72, both
genders) active control group of patients who received educational materials
(n=38). Inclusion criteria consisted of a minimal pain level of 4 on a 10-point
scale for at least 1 year. Prior to scanning, we determined a moderate pain
level for each participant (7 on a 10-point scale), which we held constant at
follow-up. The acute pain task consisted of two runs, with five 20-second pain
blocks each. Participants were instructed to “attend to the pain” in the first run
and to “decrease the pain” (cope) in the second run. To investigate the impact of
CBT on the neural responses to acute pain, we compared differences between
groups across time. Compared to the control group, CBT led to significant
improvements in clinical measures of pain, mental health, pain catastrophizing,
and self-efficacy for coping with chronic pain. After therapy, patients in the
CBT group relied more heavily on relaxation techniques when coping with
acute pain, compared to control group patients. The CBT group also had
lower acute pain unpleasantness ratings following intervention, although these
changes were not significantly different from the control group. We observed
significant changes in the dorsal somatosensory stream (contralateral S1, S2,
premotor cortex, superior parietal lobule as well as the dorsolateral prefrontal
cortex) when coping with pain in the CBT group compared to control group.
Prefrontal changes correlated with changes in catastrophizing. These results add
to mounting evidence that CBT is a valuable treatment option for chronic pain,
and its effects might be mediated by neuroplasticity associated with coping
during ongoing pain.
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T34. Prenatal Inflammation as a Translational Model for
Developmental Disorders: A Behavioral and Resting State
MRI Study of Interlukein-6 Exposed Rat Offspring
Brian Mills*, Anandakumar Shunmugavel, Alina Goncharova, Christie Pizzimenti,
Matt Lattal, Suzanne Mitchell, Damien Fair

A number of psychiatric disorders, including attention deficit hyperactivity
disorder (ADHD) and autism spectrum disorder (ASD) have been linked to
prenatal exposure to inflammatory cytokines, and in particular, interlukein-6.
However, the link between measurements obtained in developmental samples
and rodent models testing the causal mechanisms of these risk factors has been
lacking. Resting state functional connectivity (rsfc-MRI) is a noninvasive tool
that measures correlated spontaneous brain activity and offers the unique ability
to study brain dynamics in both humans and rodent models. The current work
is a translational project that tests whether prenatal IL-6 exposure plays a causal
role in mediating behavioral and brain phenotypes associated with ADHD and
ASD. To test this, Sprague-Dawley rats were implanted with osmotic pumps
delivering either saline or a chronic infusion of IL-6 over the course of 40
days (daily dose 4.98 ug/kg IL-6). This dose was designed to mimic chronic
inflammatory states throughout pregnancy. Offspring from each dam were given
a battery of behavioral tests and rsfc-MRI imaging both during adolescence
(PD23) and adulthood (PD55). We found that offspring who were prenatally
exposed to IL-6 show an anxiety phenotype measured by the light dark test
and decreased social behavior measured by a three choice social behavior
task. Interestingly, both behavioral and MRI imaging abnormalities were most
prominent during the adolescence mirroring the human condition where many
children with behavioral deficits will improve with age. Importantly, aberrant
connectivity in IL-6 exposed animals suggests a converging neural phenotype
between our rodent model and brain connectivity abnormalities seen in
children with developmental disabilities. Overall, this work sheds light on the
underlying mechanisms associated maternal inflammation and the role of IL-6
as risk factor for developing phenotypes seen in ASD and ADHD.

T35. Transient Auditory Nerve Demyelination, a New
Mechanism for Hidden Hearing Loss
Guoqiang Wan, Gabriel Corfas*

Introduction: The cochlear axons that innervate inner hair cells (IHCs)
are myelinated by Schwann cells. This myelination is important for normal
conduction velocity of action potentials and synchronized impulse transmission
of the cochlear nerve. Damage to peripheral axons and their myelin sheaths
are known to cause many forms of peripheral neuropathy. However, the
effects of Schwann cells loss and demyelination on auditory function is poorly
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understood. Here, we specifically ablated Schwann cells in mature cochlea
in mice in vivo and examined how this affected cochlear neuron survival,
innervation, myelination and auditory functions.
Methods: We used mice carrying a Plp/CreERT transgene and a Cre-inducible
diphtheria toxin (DTA) allele to ablate cochlear Schwann cells by injecting
tamoxifen at P21-P23. At different times after induction, auditory brainstem
responses (ABR) were measured to assess hearing function. Then, cochleae
were isolated and cochlear histopathology analyzed by immunostaining
followed by confocal imaging or by transmission electron microscopy (TEM).
Results: DTA expression resulted in ablation of cochlear Schwann cells and
acute demyelination of the cochlear nerve within 1 week post-induction.
However, within 16 weeks post-induction, Schwann cells had completely
regenerated and the cochlear nerves had recovered normal myelin thickness
and node of Ranvier density. Remarkably, physiological recordings performed
at different times after tamoxifen induction (1 week to 1 year) showed that
the Schwann cell ablation resulted in long-lasting reduction in ABR wave
1 amplitudes and increase in ABR wave 1 latencies, without affecting the
ABR threshold, suggestive of persistent auditory neuropathy after transient
demyelination. Immunostaining for node of Ranvier proteins showed that
while nodal density along the nerve was lost and then recovered after transient
demyelination, the first heminodes proximal to the auditory nerve terminals
were permanently disrupted. Specific and permanent disruption of these
heminodes may be the underlying cause of nerve conduction dyssynchrony and
auditory pathophysiology. Conclusions: Our findings indicate that transient
cochlear nerve demyelination results in permanent auditory neuropathy that
may be characterized as a form of “hidden hearing loss”, i.e. alterations in
ABR amplitudes and latencies but not thresholds. We also show that although
the mature cochlea has remarkable capability for Schwann cell regeneration
and remyelination of cochlear axons, the first Schwann cells at the habenula
perforata fail to reform normal hemi-nodal structures. These findings are
suggestive of potential long-lasting hearing deficits in patients with acute
demyelinating neuropathies, such as Guillain-Barre Syndrome.

T36. DAPK1 Mediates LTD by Making CaMKII Binding to
GluN2B LTP-Specific
Dayton Goodell*, Vincent Zaegel, Steven Coultrap, Ulli Bayer

The Ca2+/calmodulin(CaM)-dependent protein kinase II (CaMKII) and
its T286-autophosphorylation is required for both long-term potentiation
(LTP) and depression (LTD), two opposing forms of synaptic plasticity
underlying learning, memory and cognition. T286-autophosphorylation
induces CaMKII binding to the NMDA-receptor (NMDAR) subunit GluN2B,
which mediates CaMKII synaptic accumulation during LTP. However, during
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LTD, CaMKII instead localizes to inhibitory synapses despite increased T286autophosphorylation. We found here that the LTP-specificity of CaMKII
synaptic accumulation is due to LTD-specific suppression by calcineurin
(CaN)-dependent activation of death associated protein kinase 1 (DAPK1)
that leads to DAPK1-mediated blockade of CaMKII binding to GluN2B.
DAPK1 is highly enriched at excitatory synapses, and its binding to GluN2B is
negatively regulated by high Ca2+/CaM, resulting in DAPK1 trafficking away
from synapses during LTP- but not LTD-stimuli. We show that LTD stimuli
activate DAPK1 in hippocampal slices in a CaN dependent manner, and that
inhibition of DAPK1 or CaN allows the accumulation of CaMKII at excitatory
synapses after LTD-stimuli. Conversely, DAPK1 overexpression inhibited LTPinduced synaptic CaMKII accumulation. Finally, DAPK1 inhibition blocked
LTD in wild type mice, but not in mutant mice in which the CaMKII binding
to GluN2B is already genetically disabled. Together, these results demonstrate
a novel role for DAPK1 in physiological synaptic plasticity, and provide a
mechanism for the differential translocation of CaMKII during LTP and LTD.
Wednesday, February 1 • 3:30 p.m. - 4:30 p.m. • Jefferson/Madison

W1. Corticostriatal Projection and Cell-Type Specific
Control Underlying Dependence-Induced Habits
Rafael Renteria, Emily Baltz, Drew Schreiner, Christina Gremel*

Addiction is thought to involve a shift from goal-directed to habitual control.
How this shift in behavioral control emerges and what it contributes to the
addiction phenotype is less clear. We do know that dependence induces longlasting changes in decision-making that are present even in abstinent addicts.
We began by examining whether the induction of alcohol dependence would
alter the ability of decision-making circuits to appropriately control behavior.
Mice were exposed to the well-validated chronic intermittent ethanol (CIE)
vapor exposure paradigm for one month. Following acute exposure, mice
were trained to self-initiate a lever press for a food reward. At least 21 days
post the last vapor exposure we examined the ability for goal-directed and
habitual decision-making strategies to control lever-pressing. We found that
the induction of ethanol dependence left mice dependent on habitual control.
Corticostriatal circuits have been found to mediate decision-making control
over actions, with cortical inputs synapsing on and sending information
through direct and indirect basal ganglia circuits. We have previously found
that transmission from the orbital frontal cortex into striatum is necessary
for goal-directed control; habitual control emerges when OFC transmission
in striatum is attenuated. By combining viral strategies in transgenic mice,
we probed corticostriatal transmission in a projection specific and cell-type
specific manner following the induction of dependence. At a time point that
equates to when mice were learning to lever press, we found that alcohol
206

50th Annual Winter Conference on Brain Research

dependence selectively reduced OFC transmission onto the direct pathway, but
not the indirect pathway. We next examined whether this dependence-induced
reduction in OFC transmission was responsible for the reliance on habitual
control. Chemogenetic activation of OFC inputs restored goal-directed control
in dependent mice. This suggests that dependence-induced habitual control
arises through decreased transmission from a cortical area known to support
goal-directed control, selectively onto a basal ganglia pathway involved in
action control. Increasing OFC activity may be a means to restore goal-directed
control over decision-making following drug-dependence.

W2. Paternal Cocaine Exposure Elicits Epigenetic
Remodeling and Memory Deficits in Male Progeny
Mathieu Wimmer*, Lisa Briand, Bruno Fant, Leonardo Guercio, Adrian Arreola,
Heath Schmidt, Simone Sidoli, Yumiao Han, Ben Garica, Chris Pierce

Cocaine taking is often associated with cognitive impairments, including
deficits in attention and declarative memory. Additionally, paternal
environmental perturbations such as chronic stress, a high-fat diet or drugs
of abuse can produce profound effects on the physiology and behavior of
offspring via epigenetic changes in sperm. Our recent studies demonstrated
that cocaine exposure in sires reprogramed the germline epigenome and
produced alterations in mood and addiction-like behaviors in progeny.
However, it remains unclear whether paternal cocaine taking is associated with
cognitive impairments in their progeny. We hypothesized that paternal cocaine
taking might reduce cognitive function in subsequent generations. In our
experiments, male rats self-administered cocaine daily for 60 days, the duration
of spermatogenesis, and controls received yoked saline infusions. Sires were
then bred with drug-naïve females resulting in cocaine-sired and saline-sired
first generation (F1) offspring. Memory was tested in both male and female
adult (60 days and older) drug-naïve offspring using a hippocampus-dependent
object location memory task. Male offspring of saline-treated sires spent more
time exploring the displaced object during the object location memory test,
indicating intact memory. In contrast, cocaine-sired male progeny showed
memory deficits and explored both objects equally during the retrieval test. The
observed impairments were sex specific in that object location memory was
intact in all female offspring. We next measured long term potentiation (LTP)
in a subset of the animals that were tested for memory performance no less
than two weeks after the behavioral tests, when rats no longer show any trace of
the memory. Theta bursts-induced LTP in the Schaeffer collateral pathway was
impaired in cocaine-sired offspring compared to controls. Glutamate signaling
through N-methyl-D-aspartate receptors (NMDARs) in the hippocampus
is critically important for memory formation and synaptic plasticity. Total
levels of the endogenous NMDAR co-agonist D-serine were diminished
in the hippocampus of cocaine-sired offspring compared to controls.
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Consistent with this observation, the Dao1 gene that encodes the D-amino
acid oxidase (DAAO) enzyme that breaks down D-serine was over-expressed
in the hippocampus of male cocaine-sired male progeny. Post-translational
modifications (PTMs) located on the N-terminal tails of histone proteins
that package DNA help to regulate gene expression by altering access of the
transcriptional machinery to DNA. We measured genome-wide PTMs using
mass spectrometry-based approaches as well as chromatin immunoprecipitation
(ChIP). Six permissive marks were globally enriched in the hippocampus of
cocaine-sired male offspring, including acetylation of histone H3. We used
ChIP to interrogate H3 acetylation near the Dao1 locus. Acetylation of H3 was
enriched at the transcription start site of Dao1 in the male progeny of cocaineexposed sires. We next attempted to ameliorate the LTP and memory deficits
in cocaine-sired progeny using D-serine. Bath application of D-serine restored
LTP induction in hippocampal slices from cocaine-sired rats. In addition,
hippocampal micro-injections of D-serine prior to training on the object
location task restored memory in the male offspring of cocaine-exposed sires.
Our results demonstrate that paternal cocaine exposure elicits memory and
synaptic plasticity impairments. These effects are associated with reduced
D-serine levels, overexpression of Dao1 and epigenetic remodeling near the
Dao1 locus in the hippocampus of male progeny.

W3. Identifying Markers to Individualize Deep Brain
Stimulation Targeting in a Rodent Model of Binge Eating
Wilder Doucette*, Lucas Dwiel, Jared Boyce, Amanda Simon, Jibran Khokhar, Alan
Green

Background: Binge eating is a disruptive and treatment-resistant behavior
that complicates the management of obesity and many comorbid psychiatric
disorders. Emerging pre-clinical and clinical evidence has demonstrated the
capacity of neuromodulation to modify binge eating behavior, but clinical
utility remains limited due to significant inter-individual variation in treatment
outcomes. To better understand this variation, we explored the relationship
between deep brain stimulation (DBS) outcomes targeted to the nucleus
accumbens (NAc) core and shell and brain reward circuit function. Methods:
Sprague-Dawley rats (N=36) were implanted with electrodes targeting
bilateral NAc core and shell. DBS of each NAc sub-region was tested using a
within animal crossover design. Following stimulation, rats were put through
a battery of reward related behavior, and local field potentials were recorded at
rest. DBS response in each animal (binge reduction) or non-response (lack of
binge reduction) in each target (NAc core or shell) were then used as binomial
outcomes to identify potential predictors (reward-related behaviors and local
field potential features). Results: A majority of rats had DBS induced reductions
in binge size (83%), but 66% only had binge reductions with DBS targeted
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to one of the two NAc targets (core 33%, shell 33% and either location 23%).
Of the tested behaviors, only conditioned place preference showed a trend
toward differentiating shell responders from non-responders (unpaired t-test,
p=0.082). Importantly, the local field potential features were able to classify
shell DBS outcomes with 88% accuracy and core outcomes with 96% accuracy.
Lastly, variation in electrode targeting along the anterior posterior axis did not
correlate with core or shell DBS outcomes. Conclusion: This work suggests
that for binge eating: 1) there is not a single target for neuromodulation that is
effective across all individuals; and 2) measures of inter-individual variation in
brain function can identify optimal targets for neuromodulation.

W4. Noradrenergic Adaptation in the Morphine Dependent
Brain
Brennon Luster*, Zoe McElligott

Opioid addiction is a chronically relapsing disease with a high risk of premature
death. Currently the US is experiencing a growing opioid epidemic, where
the rate of heroin-related overdose deaths has quadrupled from 2002-2013.
There are currently a large number of opioid drugs that are misused and can
lead to addiction, and evidence suggests that 80% of new heroin abusers
previously abused prescription drugs. The central noradrenergic system plays
an extensive role in modulating behaviors associated with addiction and anxiety.
There is significant evidence to suggest that norepinephrine (NE) plays a role
in both the rewarding properties and the manifestation of withdrawal from
opiate use, however there is not much known regarding changes in synaptic
physiology or plasticity on NE neurons in opioid dependence. Here we
explore these alterations by using a rapid dependence model. To engender
opioid dependence, mice were injected once daily with 10 mg/kg morphine
s.c. followed 2 h later by 1 mg/kg naloxone s.c. for a total of 3 days. On the
fourth day, when the mice were in protracted withdrawal, we examined the
electrophysiological properties of LC neurons and found an increase in
spontaneous post synaptic currents (sEPSCS) and a decrease in the decay
kinetics. The initial implication from this finding is that morphine dependence
induces a shift to GluA2 lacking calcium permeable AMPA receptors
(CP-AMPARs). We are actively investigating these alterations in both LC and
NTS neurons in male and female mice. Additionally, we will investigate sIPSCS
in these neurons as well as E/I ratios to gather a thorough understanding of
how morphine dependence alters synaptic tone in NE circuits. These studies
will provide critical understanding of enduring neuroadaptations of this highly
relevant circuitry.
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W5. Deficits in Cognitive Flexibility During Nicotine
Withdrawal and Underlying Mechanisms
Robert Cole*, Matty Zimmerman, Munir G. Kutlu, Thomas J. Gould, Vinay Parikh

Nicotine addiction is a chronically relapsing disorder. However, the behavioral
and cellular mechanisms underlying nicotine dependence and withdrawal are
not fully understood. The present study was designed to examine the effects of
spontaneous nicotine withdrawal on cognitive flexibility. Because frontostriatal
circuits are critical for cognitive flexibility and brain-derived neurotrophic factor
(BDNF) modulates glutamate plasticity in these circuits, we also explored
the effects of nicotine withdrawal on these neurochemical substrates. Mice
received either chronic nicotine or saline exposure via mini-osmotic pumps
for 14d and were tested in an operant strategy shifting task that required them
to switch from using a spatial response-driven strategy to a visual cue-based
strategy to achieve rewards. Following the last behavioral testing session, brains
of animals were extracted for BDNF expression analysis. Changes in striatal
glutamate dynamics was monitored using in vivo amperometry in another
cohort of mice. Mice undergoing nicotine withdrawal required more trials to
attain strategy shifting criterion. Additionally, these animals committed higher
number of perseverative and maintenance errors than control mice. BDNF
mRNA expression increased in the prefrontal cortex (PFC) following nicotine
withdrawal. Surprisingly, the level of mature BDNF protein declined in the
PFC but was elevated in the dorsal striatum (DS) of these mice. Glutamate
release following the local application of BDNF in the DS was suppressed
in withdrawal mice as compared to the controls. Our data illustrate that
robust impairments in strategy switching observed in nicotine withdrawal
mice resulted from a generalized behavioral disinhibition possibly through
aberrations in BDNF signaling in discrete frontostriatal glutamate circuits.
Moreover, therapeutic strategies aimed at normalizing BDNF signaling and
restoring frontostriatal plasticity may improve relapse rate in smokers.

W6. Effects of Perineuronal Net Reduction Within the
Medial Prefrontal Cortex on Acquisition of Cocaine
Preference and Electrophysiology in the Nucleus
Accumbens
John Harkness*, Megan Slaker, Barbara Sorg

Acquisition of cocaine-induce conditioned place preference (CPP) in
rodents can be impaired by disruption of extracellular matrix aggregations
called perineuronal nets (PNNs). Disruption of PNNs may benefit future
treatment of human cocaine addiction. PNNs surrounding synapses of fastspiking, parvalbumin-containing GABAergic interneurons are important for
stabilization of synapses following learning, and for limiting plasticity after the
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critical period. We have demonstrated that the bacterial enzyme chondroitinaseABC administered to the prelimbic medial prefrontal cortex (PL mPFC) of rats
results in degradation of extracellular matrices. However, this enzyme nonspecifically targets chondroitin-sulfate proteoglycan containing structures. In
the present work, we tested whether vivo-morpholino knockdown of cartilage
link protein-1 (Crtl-1) localized to the PL mPFC of adult rats, would similarly
reduce acquisition of cocaine-induced CPP. Functional and behavioral results
of Crtl-1 knockdown trend toward those of chondroitinase-ABC. Additionally,
we measured whole-cell patch parameters from medium spiny neurons in the
nucleus accumbens for evoked synaptic potentials and AMPA/NMDA ratio
when stimulated from the mPFC. PNN formations were stained with Wisteria
floribunda agglutinin, and measured by a software we developed to interface
with NIH-distributed ImageJ. Our plugin, called PIPSQUEAK, was developed
to automate analysis of both single- and double-immunohistochemical
labeled tissue. In combination with previous results, these data indicate that
knockdown of Crtl-1 using a morpholino can specifically degrade PNNs, and
may disrupt acquisition of cocaine CPP. Automation of PNN intensity resulted
in high concordance (>97%) with PNN intensity data collected by trained
researchers. Furthermore, our software standardized analysis and reduced the
possibility of bias, while completing analysis roughly 99% faster than by hand.
Grants: WSU Postdoctoral Alcohol and Drug Abuse Research Program grant,
NIH DA 033404, and NIH DA 040965.

W7. Temporal Dynamics of Hippocampal/Medial
Prefrontal Cortex Interactions During the Delay Period of
a Spatial Working Memory Task
Maxym Myroshnychenko*, Christopher Lapish

Working memory involves the transient retention and manipulation of
information to guide forthcoming actions. Connections between the
hippocampus (HC) and medial prefrontal cortex (mPFC) are critical for
working memory, however, the precise function of this pathway is a matter
of debate. One suggestion is that it may stabilize retrospective memories of
recently encountered task-relevant information necessary to guide behavior.
Alternatively, it may be involved with encoding prospective memories, or the
internal representation of future goals or actions. To explore these possibilities,
simultaneous extracellular recordings were made from the medial prefrontal
cortex (mPFC) and hippocampus (HC) of rats performing a well-validated
rodent working memory task, the delayed spatial win-shift (DSWS) on
an 8-arm radial maze. Each session consisted of a training phase (where 4
randomly chosen arms were open and baited, while the other 4 arms were
blocked) and test phase (all 8 arms were open but only the previously blocked
arms were baited) separated by a 60-second delay period. Consistent with past
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studies, both theta power and mPFC-HC coherence was highest during the
delay. However, mPFC units were significantly more likely to become entrained
to hippocampal theta rhythms as the delay period progressed. As many neurons
responded differently during the training and test phases, a classifier was built
that accurately predicted trial phase performance based on neuronal firing rates.
The classifier revealed a gradual transition from a training-phase to a test-phase
activity pattern throughout the delay, tightly linked with the gradual increase
in phase-locking. Importantly, these coherent changes that evolved throughout
the delay occurred only on sessions where the rats performed well. These data
suggest that the HC and mPFC become strongly synchronized at the point
when the animal is anticipating the forthcoming test phase, consistent with the
idea that the pathway connecting these structures is involved in prospective
memory encoding.

W8. Role of Mesocortical Dopamine in Aversion and
Punishment-Resistant Alcohol Drinking
Cody Siciliano*, Caitlin Vander Weele, Gillian Matthews, Edward Nieh, Eyal
Kimchi, Isabella Espinel, Ehsan Izadmehr, Evelien Schut, Romy Wichmann, Kay
Tye

A great deal of research has highlighted the role of the medial prefrontal cortex
(mPFC) in encoding motivational value and decision making. Similarly, the
dopamine system has been implicated in these processes; however, most studies
examining dopamine have focused on the encoding of positive rewarding
stimuli in mesolimbic and nigrostriatal pathways. Further, both the dopamine
system and mPFC have been implicated in aberrant alcohol drinking behaviors.
Here, we sought to dissect the role of mesocortical dopamine projections in
aversively motivated behaviors, and punishment resistant alcohol drinking.
Using fast-scan cyclic voltammetry, we found that aversive stimuli produced
rapid increases in dopamine release in the mPFC. To investigate how this signal
may be influencing activity downstream, we used single-cell calcium imaging
to record from projection-defined sub-populations within the mPFC during
exposure to either foot shock or sucrose. We found that mPFC cells projecting
to the periaqueductal gray area (PAG) were robustly activated by foot shock,
while having fewer responses to sucrose. Conversely, mPFC cells projecting
to the nucleus accumbens (NAc) showed modest responses to foot shock and
were activated during sucrose drinking bouts. Recording during Pavlovian
conditioning for alcohol revealed differential response profiles between
PFC-NAc and PFC-PAG projectors, where PFC-PAG cells were inhibited
during alcohol consumption. Additionally, we found that photostimulation
of PFC-PAG neurons produced robust avoidance, supporting a role for these
cells in encoding of aversive stimuli. Finally, activation of dopamine terminals
in mPFC inhibited cells in the PFC-NAc population, but had no effect on
PFC-PAG cells. Together, these results support a model where dopamine
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acts as a permissive signal by allowing aversive stimuli to be encoded through
PFC-PAG projecting cells while inhibiting populations encoding opposing
valence. Further, dysregulation of these pathways may blunt responsiveness to
aversive stimuli and result in inflexible, punishment resistant alcohol drinking.

W9. Divergent Drug-Cue Elicited Dopamine Signals
Regulate Drug-Taking and Drug-Seeking
Lauren Burgeno*, Nicole Murray, Ryan Farero, Ingo Willuhn, Paul Phillips

Though altered dopamine transmission is implicated in most contemporary
theories of drug abuse, the timing, context, and directionality of these changes
remain a matter of debate. While many studies demonstrate dopamine in the
nucleus accumbens core (NAcc) plays an important role in producing drug
satiety and regulating drug intake, others suggest NAcc dopamine mediates
craving and promotes cue-driven drug seeking. How might cue-elicited
dopamine transmission serve both as a satiety signal and to produce craving
in the same brain region? Drug cues serve different purposes in different
situations. During drug taking, cues confirm the success of drug-seeking
actions and indicate imminent drug delivery, signaling that drug seeking can
be terminated. In contrast, during reinstatement paradigms, the same cues,
presented unexpectedly during abstinence, signal possible drug availability
nearby and promote initiation of drug seeking. Consistent with the satiety
theory, our recent work demonstrates a causal link between decreases in
cue-elicited NAcc dopamine during drug taking and the escalation of cocaine
intake. However, in order for NAcc dopamine to both decrease drug taking
and promote drug seeking, we hypothesize that there must be a divergence in
dopamine release evoked by the same cues during drug seeking. To study this,
we used fast-scan cyclic voltammetry to measure dopamine responses elicited
by unexpected presentation of drug-paired cues throughout cocaine use and
following abstinence. We find that cue-elicited phasic dopamine transmission
during drug-seeking significantly increases over protracted drug access
(p<0.01), during the same period we previously observed decreased dopamine
during drug-taking. These signals even further ‘incubate’ during abstinence
(p<0.05). The opposing NAcc dopamine signals elicited by the same cues in
drug-taking and drug-seeking contexts likely contribute to different, but equally
important, core symptoms of substance use disorders.
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W10. Targeted Acetylation of the GABRA1 Promoter
Using a Novel CRISPR-DCas9 Strategy Reveals Epigenetic
Mechanisms of Ethanol-Induced Changes in GABA(A)-R
Expression
John Bohnsack*, Todd O’Buckley, Vraj Patel, A. Leslie Morrow

Alcohol use disorders cause considerable societal harm. Currently, there are few
effective treatment options, which may contribute to the high human impact
and rate of relapse. Previous work shows that GABA(A)-R hypofunction
in both human and rats is associated with ethanol dependence and involves
decreased expression of the most common GABA(A)-Rs, containing α1
subunits. Since histone deacetylase inhibitors (HDACis) can prevent
GABA(A)-R hypofunction, we hypothesized that HDACis would prevent
decreases in GABA(A)-R α1 subunits. Ethanol dependence was induced by
fourteen day gavage (5g/kg) with one day of withdrawal and the HDACi,
Trichostatin A (TSA, 2mg/kg) was administered for the last three days. TSA
prevented the ethanol-induced 50% decrease in the α1 subunit transcript and
membrane expression (p < .01). In cultured cortical neurons, a small panel
of HDACis prevented ethanol-induced decreases in α1 expression (TSA,
SAHA, sodium butyrate, and RGFP966) but the classIIa selective inhibitor
MC1568 did not. Chromatin immunoprecipitation assays revealed that
ethanol caused a 71% decrease in the amount of acetylation associated with
the Gabra1 promoter and TSS but not the Gabra1 distal exon in vivo and in
vitro. Therefore, we utilized a dCas9-acetyltransferase construct to determine if
restoring acetylation at these loci was sufficient to increase α1 expression. Our
results indicate that targeting acetylation to the promoter region but not the
distal exon prevents ethanol-induced decreases in α1 expression and increases
expression 6-fold even though we observed 2 to 3 fold increases in acetylation
at both targeted loci. Corroborating this finding is our acetyltransferase null
construct did not prevent the decrease in α1 expression. This study, for the first
time, demonstrates that using novel CRISPR-dCas9 constructs maybe useful to
interrogate epigenetic mechanisms that are present in pathologies where GABA
inhibitory signaling is disrupted, such as alcoholism.

W11. Decreased Plasma Kynurenic Acid in Bipolar Patients
Who Have Committed Suicidal Attempts
Lilly Schwieler*, Carl Sellgren, Anette Johansson, Mikael Landén, Sophie Erhardt

In recent years, a role for the kynurenine pathway in the pathogenesis of
psychiatric diseases has gained increased attention. This pathway produces
neuroactive metabolites, including kynurenic acid (KYNA), an antagonist of
the glutamate N-methyl-d-aspartate-receptor, which is hypothesized to be part
of the neural mechanisms underlying symptoms of depression and suicidality.
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In the present study, we analyze KYNA in plasma from 88 healthy controls and
140 euthymic patients with bipolar disorder (BD) with a history of depressive
episodes or previous attempted suicide. Plasma KYNA was detected with
high performance liquid chromatography (HPLC). Patients had a DSM-IV
diagnosis of BD type I or II and their symptoms were clinically evaluated with
the Suicide Intent Scale and the Montgomery-Asberg Depression Rating Scale
(MADRS). We found that levels of plasma KYNA was significantly decreased in
patients with BD compared to healthy controls. Furthermore, when stratifying
the patients with regard to their previous history of suicidal behaviour we
found that patients who previously have attempted suicide have significantly
lower plasma KYNA levels compared to both patients who have not performed
any previous suicide attempts and to the group of healthy controls. We could
also see that the patients who had performed more than five suicidal attempts
had the lowest plasma concentration of KYNA in all group tested. These data
indicates that low plasma KYNA in patients with BD could be specifically linked
to vulnerability of suicidal behavior.

W12. Divergent Morphological Effects of Repeated Social
Stress on Rat Prefrontal Cortical Pyramidal Neurons in
Adolescent Compared to Adult Rats
Kimberly Urban*, Eric Geng, Rita Valentino

Chronic stress can lead to psychiatric illness characterized by impairments of
executive function, implicating the prefrontal cortex as a target of stress-related
pathology. Previous studies have shown that multiple types of chronic stress
reduce dendritic branching, length, and spines of medial prefrontal cortex
(mPFC) pyramidal neurons. However, these studies largely focused on layer
2/3 pyramidal neurons in adult rats. Whereas these neurons process incoming
information, layer 5 is the major output layer. Because the prefrontal cortex
develops throughout adolescence, stress during this period may have a greater
impact on structure and function than stress g during adulthood. In this study,
male adolescent (42-48 days old; n = 36 neurons from 4 controls, 30 neurons
from 4 stressed rats) or adult (68-72 days old; n=37 neurons from 4 controls,
32 neurons from 4 stressed) rats were exposed to repeated social stress as 5 days
of resident-intruder stress or control manipulation. Brains were processed for
Golgi staining 24 h after the final manipulation, cells were visualized on a Nikon
Eclipse scope, and Neurolucida was used to reconstruct and analyze dendrites.
Repeated social stress induced age- and layer-specific effects. In layer 2/3, there
was an interaction of age*stress such that stress increased basal dendritic length
in mid-adolescents, but decreased it in adults [F(3,119)=5.38, p=0.0003].
There was an overall stress-induced decrease in basal dendrite branching [stress
effect: F(3,119)=6.15, p<0.0001]. Mid-adolescent neurons had significantly
more apical branches than adults [age effect: F(3,119)=11.85, p=0.003] and
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stress decreased apical branches in mid-adolescents but not adults [age*sex
interaction: F(3,119)=11.85, p=0.014). In layer 5, basal dendrites of midadolescents were longer [age effect: F(3,134)=16.44, p<0.0001 and had more
branches [age effect: F(3,134)=17.56] Stress increased basal dendrite length
[age*stress interaction: F(3,134)=16.44, p=0.0004] and branching [age*stress
interaction: F(3,134)=17.56, p<0.0001] only in adults, and decreased
branching in mid-adolescents. Stress also increased apical dendrite length only
in adults [age*stress: F(3,134)=6.35, p=0.0028] . Likewise, stress increased
apical branching in adults but decreased it in mid-adolescents [F(3,134)=7.08,
p=0.0002]. These findings demonstrate divergent morphological effects of
social stress on mPFC dendritic structure of adolescent and adult male rats
that suggest an increased vulnerability of adolescents to cognitive-impairing
effects of social stress and the development of an opposing response that may be
adaptive in adulthood.
Research supported by: PHS grant MH093981 to Rita Valentino and NIH
5T32NS007413-17 to Kimberly Urban.

W13. Subjective Value Encoding During Cognitive EffortBased Decision-Making
John Westbrook*

With growing interest in the clinical and theoretical implications of phenomenal
cognitive effort and cognitive motivation, new questions have emerged about
regions of the brain supporting effort-based decision-making. One question
concerns which regions of the brain encode dimensions of subjective value
as individuals weigh the costs and benefits of expending cognitive effort.
To investigate this, fMRI was used in combination with a powerful, novel
behavioral economic paradigm which operationalizes cognitive effort in
terms of effort-based reward discounting. The operational measure integrates
information about objective reward magnitude, working memory load, and
subjective sensitivity to effort costs, and is used as a parametric regressor of
brain activity while participants evaluate offers to expend effort in pursuit
of reward. Results support the encoding of subjective value dimensions in
a canonical network of regions otherwise implicated in encoding diverse
rewards varying by delay, risk, or demands for physical effort, particularly
within the ventromedial prefrontal cortex, ventral striatum, anterior insula,
and the anterior cingulate cortex. Dynamics in prefrontal regions, during first
offer evaluation, are moreover predictive of subsequent choice, implicating
them causally in decision-making. Finally, cognitive load encoding during offer
evaluation reflects the encoding of load during cognitive task performance,
suggesting networks by which information about subjective effort costs become
integrated into valuation processes during decision-making and thus influence
an individual’s propensity to expend cognitive effort.
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W14. Expectations about the Source of Surprise Dictate the
Relationship Between Feedback-Related EEG Signals and
Learning
Matthew Nassar*, Rasmus Bruckner, Michael Frank

Successful decision-making requires learning expectations based on experience.
This learning should be calibrated according to the surprise associated with
each outcome, but also to the most likely source of surprise. For example,
when occasional change points are expected, surprising outcomes render
past information irrelevant and demand increased learning. In contrast, when
signal corruption is expected to occur occasionally, surprising outcomes can
suggest a corrupt signal that should be ignored by learning systems. To explore
whether and how the brain contextualizes surprise signals to optimize learning,
we collected EEG and behavioral data in a task that required subjects to make
inferences based on noisy observations of a process that included either change
points or signal corruption. In change point blocks participants increased
learning from surprising outcomes, whereas in the signal corruption blocks
participants decreased learning from surprising outcomes. Thus the effects of
surprise on learning depended on subjective expectations about the source of
the surprise. Despite this behavioral interaction, feedback-related EEG signals
were agnostic to the source of surprise. A large positive medial prefrontal
deflection peaking 350 ms after outcome presentation was enhanced for
surprising outcomes in both conditions equally. Computational fits to behavior
showed that the impact of this signal on learning differed across conditions:
larger EEG deflections predicted more learning in change point blocks but less
learning in signal corruption blocks. Taken together these findings suggest that
medial prefrontal surprise signals do not naively reflect increased behavioral
updating, but may be used adaptively to modulate learning in either direction.

W15. Evidence for “Bulk Flow” Neurohumoral
Transmission by the Orexigenic Neuropeptide, MelaninConcentrating Hormone
Emily Noble*, Clarissa Liu, Monica Song, Vaibhav Konanur, Ted Hsu, Andrea
Suarez, Joel Hahn, Scott Kanoski

Melanin-concentrating hormone (MCH) is a neuropeptide produced by
neurons in the lateral hypothalamic area (LHA) and zona incerta (ZI) that
potently increase food intake via yet unknown neurobiological mechanisms.
We recently proposed bulk-flow transmission through the cerebrospinal
fluid (CSF) as a putative mechanism for coordinating feeding-relevant CNS
responses to MCH. Combined tract tracing and immunohistochemical analyses
in rats revealed that approximately half of the MCH-producing neurons in the
LHA and ZI were back-labeled following cerebroventricular (ICV) injections
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of a retrograde neural tracer, suggesting that MCH neurons project into the
CSF. To further support this novel hypothesis, we used an adeno-associated
viral vector to deliver Designer Receptors Exclusively Activated by Designer
Drugs (DREADDs), whose expression is driven by an MCH promoter, into
LHA and ZI neurons. Following selective pharmacological activation of
MCH-producing neurons via ICV injections of the otherwise inert DREADDS
receptor ligand Clozapine-N-Oxide (CNO), we observed a threefold elevation
of MCH peptide concentrations in the CSF. We next used a dual vial vector
approach in order to selectively deliver DREADDS to the population of MCH
neurons that project to cerebrospinal fluid. To do this, an AAV2 vector carrying
a novel Cre recombinase (CRE)-dependent MCH DREADDs was delivered
to the LHA via AAV2 vector and CRE was delivered ICV via the CAV2 virus
(which is exclusively taken up by axon terminals). Using CNO to activate
this subpopulation of neurons we then showed that activation MCH neurons
that project to cerebrospinal fluid elevate food intake. Collectively these data
introduce a novel neurobiological mechanism whereby MCH is communicated
by bulk-flow through release into the CSF, thereby facilitating distribution to
distal CNS targets to elevate feeding behavior.

W16. Are Psychostimulant-Induced Alterations of Local
Field Potentials within Primary Visual Circuits Related to
Signal Detection Performance?
Rachel Navarra*, Brian Clark, Barry Waterhouse

Methylphenidate (MPH) is a psychostimulant used clinically to treat attention
deficit hyperactivity disorder (ADHD) and off-label as a performance
enhancing drug by healthy individuals. MPH enhances catecholamine
transmission via blockade of norepinephrine and dopamine transporters,
but how this action impacts neural circuits responsible for cognitive and
sensorimotor functions to improve performance is unclear. We previously
reported that MPH enhances neuronal responses to visual stimuli within the
rat dorsal lateral geniculate nucleus (dLGN) while improving the speed to
make correct responses during performance of a visual signal detection task.
Here, we investigated a range of MPH effects on behavioral outcomes and
measures of local field potentials (LFPs) in the dLGN during performance
of the task. P30, the first positive deflection of the visual evoked potential
(VEP) produced in response to task-related visual stimuli, was reduced in
latency and amplitude following MPH administration. Across animals there
was a significant positive correlation between P30 latency and latency to make
correct responses, where the fastest times were found with MPH. Further,
MPH increased coherence between LFPs at theta frequencies, which have been
linked to variations in cognitive and sensorimotor processes. Thus, it appears
MPH speeds, strengthens, and better integrates signals within the dLGN,
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effects that are consistent with faster sensory signal processing and better visual
signal detection. To our knowledge this is the first demonstration of a direct
correlation between electrophysiological measures of sensory processing in
a primary thalamic relay circuit and behavioral outcomes in a visual signal
detection task. This work suggests that MPH-induced sensory enhancement
may be a significant component of psychostimulant-mediated performance
enhancement in ADHD patients and healthy individuals.

W17. Central Amygdala Nociceptin Neurons Mediate
Palatable Food Consumption and Reward
James Hardaway*, Chris Mazzone, Michelle Kim, Jennifer Jensen, Jeffrey Diberto,
Dipanwita Pati, Ami Shiddapur, Jonathan Sugam, Michael Saddoris, Greg Tipton,
Zoe McElligott, Cynthia Bulik, Thomas Kash

Feeding is a complex phylogenetically-conserved behavioral program that
is regulated by a balance of both homostatic and hedonic signals encoded
in discrete neural circuits located in brain regions like the hypothalamus,
hindbrain, brain stem, and amygdala. Within the central amygdala, neurons
coexpressing opioid-like neuropeptides and fast acting neurotransmitters like
GABA are activated during feeding, but the functional role of these geneticallydefined neurons is still unclear. We identified a robust, novel population of
neurons in the CeA that express the orexigenic heptadecapeptide nociceptin.
Using Prepronociceptin – IRES-Cre mice paired with immunohistochemical
(IHC) detection of the immediate early gene c-fos, we found that CeANOC
neurons are activated following intermittent 1 hour access to a palatable high
fat food that promotes binge-like eating. To dissect the functional role of these
neurons in binge eating, we used a combined approach of viral-mediated Credependent tools encompassing a proteolytic Caspase complex and excitatory/
inhibitory DREADDs. Together, our data demonstrate that CeANOC neurons
are required for the consumption of highly palatable, calorically-dense food.
We found that persistent ablation of CeANOC neurons renders these animals
resistant to diet-induced obesity under continuous access to high fat food.
CeANOC neurons send axons and make functional synapses with the BNST,
PBN, and NTS. Injection of the retrograde tracer cholera toxin in these
postsynaptic sites combined with c-fos IHC in the CeA revealed that CeANOC
neurons that project to the NTS and PBN are activated following high fat binge
eating. Using pathway-specific optogenetics, we observed that activation of
CeANOC fibers in either the NTS or PBN is capable of producing reward-like
behavior, but surprisingly had no effect on feeding. We therefore speculate
that activation of these outputs may be critical for producing the reinforcing
properties of palatable food.
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W18. Corticotropin-Releasing Factor (CRF) Neurons in
the Prefrontal Cortex (PFC) Impair Working Memory and
PFC Neuronal Coding
Sofiya Hupalo*, Craig Berridge

The prefrontal cortex (PFC) plays a critical role in higher cognitive function.
Corticotropin-releasing factor (CRF)-synthesizing neurons and CRF receptors
are prominent in the PFC. Recent evidence indicates CRF receptor activation
in the dorsomedial PFC (dmPFC) impairs PFC-dependent working memory
in rats. However, the cognitive actions of PFC CRF-synthesizing neurons
are currently unknown. To address this issue, we used a combinatorial viralmediated system to express excitatory (hM3Dq) and inhibitory (hM4Di)
DREADDs (designer receptors) in CRF neurons in the PFC. Rats received
intra-dmPFC infusions of 2 viruses: one drives CRF promoter (CRFp)specific expression of Cre-recombinase, and the other drives Cre-conditional
expression of hM3Dq or hM4Di transgenes. Three weeks later, animals were
treated subcutaneously with vehicle or varying doses of the DREADD ligand,
clozapine-N-oxide (CNO; 0.3, 1, 3 mg/kg) prior to working memory testing.
CNO-induced activation of PFC CRF neurons (CRFp-hM3Dq) impaired
working memory performance, while CNO-induced suppression of these
neurons (CRFp-hM4Di) improved working memory. Additional studies
examined the effects of PFC CRF neuronal activation on task-related coding
of PFC neurons. Two CRFp-hM3Dq animals were implanted with recording
arrays in layer V of the dmPFC. Chemogenetic activation of CRF neurons in
the dmPFC impaired working memory and suppressed neurons strongly tuned
to the delay interval while activating neurons lacking delay-related activity. This
suggests that activation of dmPFC CRF neurons elicits a robust degradation
in delay-related coding by PFC neurons. Collectively, these observations
demonstrate CRF neurons in the PFC exert robust modulatory actions on
higher cognitive function that involves modulation of task-related neuronal
signaling in the PFC. This may provide a roadmap for the development of novel
treatment strategies for PFC-dependent cognitive dysfunction.

W19. Early Adolescent Disruptions of NMDA or CB1
Receptor Signaling Elicit Similar GABAergic Deficits
in the Prefrontal Cortex and its Control of Trace Fear
Extinction Behavior in Adulthood
Daniel Thomases*, Kuei Tseng

While many brain regions are fully mature by the time of adolescence, the
prefrontal cortex (PFC) continues to undergo many structural and functional
changes during this developmental period. We have recently shown that the
normal late adolescent acquisition of ventral hippocampal (vHipp) control
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of basolateral amygdala (BLA)-to-PFC transmission is uniquely sensitive to
developmental disruption by early adolescent exposure to both the NMDA
receptor antagonist MK-801 and the CB1 receptor agonist WIN. Given the
critical roles of both the vHipp and BLA in the regulation of PFC-dependent
behaviors, we sought to determine if early adolescent exposure to MK-801 or
WIN would be sufficient to elicit impairments in acquisition and extinction of
trace fear conditioning. We utilized the trace fear conditioning task as it requires
normal prefrontal integration of inputs from both the vHipp and the BLA.
While all rats readily learned to freeze in response to the pairing of tone and
foot shock, rats exposed to MK-801 or WIN during early adolescence exhibited
a marked impairment of fear extinction behavior. Such impairment was not
observed in rats treated with MK-801 or WIN in adulthood, indicating that the
impact of MK-801 and WIN on trace fear extinction is age-dependent. We next
examined the impact of a local prefrontal infusion of the GABA-Aα1 positive
allosteric modulator Indiplon on fear extinction in the disinhibited PFC
state elicited by early adolescent exposure to MK-801 or WIN. Infusion with
Indiplon prior to fear extinction trials completely rescued the deficits caused
by adolescent treatment with MK-801 or WIN. Taken together, these data
indicate a potential convergent mechanism whereby the age-dependent action
of MK-801 and WIN on the adolescent brain elicits enduring impairment of
PFC inhibition, extending to the regulation of PFC-dependent behaviors, in
a manner that can be rescued via the local pharmacological augmentation of
GABAergic transmission by Indiplon.

W20. IV Injection of Novel Brain-Penetrating AAV
Vector Yields High and Durable Brain Expression of
Butyrylcholinesterase in Mice
Liyi Geng*, Yang Gao, Ping Chen, William Brimijoin

It has been known for some while that butyrylcholinesterase (BChE)
interacts with soluble beta amyloid to prevent polymerization in vitro, and our
unpublished studies with Alzheimer’s (AD) mouse models are showing that
overexpressed brain BChE can prevent or reverse deposits of β-amyloid plaque
and Tau protein. Surgical intervention is required because all current rAAVs,
including AAV9, are blocked by the blood brain barrier. This characteristic
hinders serious consideration of using elevated BChE to prevent or treat AD.
However, less than three months ago, Nature Biotechnology published on
successful in vitro use of Cre-expressing cell populations to guide molecular
evolution of AAV capsids that overcome such limitations (Deverman et al,
2016). We successfully reconstructed this platform based on the 7amino
acid peptide, “TLAVPFK,” introduced between amino acids 588 and 589 of
the pAAV2/9 VP1 gene in order to assemble an AAV-PHP.B plasmid. With
this packaging plasmid, AAV-PHP.B-VIP-mBChE viral vector was made
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and injected into adult mice by tail vein injection. In comparison with i.v.
delivery of AAV9-VIP-mBChE, the titer of AAV-PHP.B-VIP-mBChE viral
particles in brain was significantly increased. Correspondingly, the particle
titer in liver was more than two orders of magnitude lower than with AAV9.
Histochemical staining for BChE activity in brain sections confirmed that
tail vein injection of AAV-PHP.B-VIP-mBChE viral vector led to efficient and
broad transduction throughout central nervous system. In contrast the brains
of mouse that received i.v. AAV9-VIP-mBChE showed no obvious increase in
mBChE activity. The present findings show that mBChE can be expressed at
high levels throughout the brain by using the AAV-PHP.B packaging plasmid.
This outcome should encourage further tests and preclinical studies based on
using BChE gene transfer to prevent or treat Alzheimer’s. (“Funded by grant
MNP13.05 from the Minnesota Partnership for Biotechnology and Medical
Genomics, and by the Mayo Foundation for Medical Research, and by the
National Institute on Drug Abuse (Grant DP1 DA31340-01).”)

W21. Chemogenetic Rescue of Autonomous Subthalamic
Nucleus Activity Ameliorates Parkinsonian Motor
Dysfunction
Eileen McIver*, Jeremy Atherton, D. James Surmeier, Mark Bevan

Increases in the rate and synchrony of subthalamic nucleus (STN) activity
are linked to the symptomatic expression of experimental and idiopathic
Parkinson’s disease (PD). Using the unilateral 6-hydroxydopamine (6-OHDA)
lesion mouse model of PD, the factors underlying abnormal STN activity
were investigated. In ex vivo brain slices derived from dopamine-depleted
mice we found that 1) both the frequency and regularity of autonomous firing
of motor circuit STN neurons were reduced and the proportion of inactive
neurons increased, 2) genetic deletion of STN NMDA receptors in vivo
prevented firing disruption, 3) STN mitochondria exhibited elevated oxidant
stress, 4) decomposition of hydrogen peroxide rescued firing, and 5) although
inhibition of KATP channels rescued firing, intracellular dialysis with ATP
did not. Together these data argue that following loss of dopamine, excessive
activation of STN NMDA receptors increases mitochondrial production
of hydrogen peroxide, which directly activates KATP channels, thereby
disrupting autonomous STN activity. Because autonomous firing is thought
to help desynchronize STN activity by conferring phase-dependent synaptic
integration, we virally expressed an excitatory DREADD in STN neurons
in parkinsonian mice to determine whether restoration of intrinsic activity
is therapeutic. DREADD activation ex vivo rescued firing to control levels,
with no effect on incoming synaptic transmission. Furthermore, DREADD
activation in vivo reversibly normalized contralateral (parkinsonian) forelimb
use during naturalistic rearing behavior. Experiments are currently underway to
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determine whether chemogenetic rescue of intrinsic firing of STN neurons and
voluntary movement are associated with desynchronization of STN activity.
Supported by NIH-NINDS grants: 5F31-NS090845, 2R37-NS041280 and
2P50-NS047085.

W22. Plasticity of Cortico-Subthalamic Nucleus Inputs in
Experimental Parkinson’s Disease
Hong-Yuan Chu*, Eileen McIver, Jeremy Atherton, Mark Bevan

The connection between the cortex and subthalamic nucleus (STN) is a key
element of the cortico-basal ganglia-thalamo-cortical circuit and is proposed to
play an important role in suppressing movement during normal motor behavior.
In Parkinson’s disease (PD), hyperactivity of the STN and abnormal, coherent
firing in the STN and the cortex are associated with akinesia and rigidity. In
acute lesion models of PD, this abnormal pattern of STN activity emerges 2-3
weeks after the loss of dopamine, implying that plasticity within the corticobasal ganglia-thalamo-cortical circuit contributes to its emergence. Using the
unilateral 6-hydroxydopamine lesion mouse model of PD in combination with
electrophysiological, molecular, anatomical and optogenetic interrogation
approaches, we tested the hypothesis that strengthening of cortico-STN
inputs contributes to parkinsonian STN activity. However, in contrast to our
prediction, we found that cortico-STN transmission was greatly reduced in
strength, largely through loss of axo-dendritic and axo-spinous synapses, and was
incapable of long-term potentiation. Chemogenetic and genetic manipulations
further suggest that following loss of dopamine, increased inhibition of the
external globus pallidus (GPe) by the striatum led to disinhibition of the STN
and increased activation of STN NMDA receptors (NMDARs), which in turn
triggered downregulation of cortico-STN transmission. Finally, knockdown
of STN NMDARs, which upregulated cortico-STN transmission (and is
known to downregulate GPe-STN transmission), ameliorated motor deficits
in parkinsonian mice. Together, the data argue that alterations in the strength
of cortical excitation versus pallidal inhibition of the STN are maladaptive and
contribute to motor dysfunction in PD.

W23. Butyrylcholinesterase Regulates Central Ghrelin
Signaling and Impacts Food Intake and Glucose
Homeostasis
Ping Chen*, Yang Gao, Liyi Geng, William Brimijoin

Ghrelin is the only known orexigenic hormone known to stimulate food intake
and promote obesity and insulin resistance. We have recently established
that butyrylcholinesterase (BChE), formerly assumed to have no specific
physiologic function, actually regulates the abundance of circulating ghrelin.
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This action has a strong impact on food consumption and body weight gain. We
recently showed that BChE knockout (KO) mice, which are prone to obesity
on a high-fat diet, have higher ghrelin levels in the bloodstream than wild
type mice, but BChE gene transfer in the liver rescues normal food intake and
resistance to obesity. However, the rescued mice, which still lack brain BChE,
develop insulin resistance and abnormal glucose tolerance equivalent to the
untreated KO mice. We hypothesized that this phenomenon points toward
specific interactions between the enzyme and the ghrelin hormone within the
brain. To test the hypothesis, KO mice were given AAV-8 vector encoding
mouse BChE by systemic i.v., injection and intracerebral injection as well. These
mice not only resisted weight gain on high-fat diets but also preserved normal
glucose and insulin tolerance. It remains to be determined which specific areas
of the brain are crucial to this phenomenon, though the hypothalamus and
dorsal motor nucleus of the vagus nerve are likely involved. Meanwhile, new
viral vectors with greatly improved access to the CNS are under study. This
research was funded by grant MNP13.05 from the Minnesota Partnership
for Biotechnology and Medical Genomics, and by the Mayo Foundation for
Medical Research, and by the National Institute on Drug Abuse (Grant DP1
DA31340-01).

W24. Neuroinflammatory and Cerebrovascular
Implications of High-Fructose Diet During Development
Constance Harrell*, Danielle McFarlane, Carl Zainaldin, Jillybeth Burgado,
Gretchen Neigh

Fructose consumption has increased by over 25% since the 1970s, and
adolescents consume the greatest quantity of fructose. Fructose is associated
with metabolic dysfunction and peripheral inflammation, but its effects
on cerebral vasculature and neuroinflammation remain unclear. Our lab
previously demonstrated that high-fructose feeding in male Wistar rats during
adolescence increases adiposity, elevates plasma corticosterone, and increases
depressive- and anxiety-like behavior. We hypothesized that high-fructose
feeding may further promote neuroinflammatory changes and remodel
cerebrovasculature. Whole-transcriptome sequencing of hypothalamic
tissue from rats fed fructose- or standard-chow from weaning to adulthood
revealed that inflammatory and immune pathways ranked highly for significant
enrichment with differentially expressed genes. In particular, classical, lectininduced, and alternative complement pathways were significantly enriched
by upregulated genes. qRT-PCR and immunoblotting confirmed elevation of
hypothalamic Factor B, a component in the alternative complement pathway.
qRT-PCR additionally demonstrated increased expression of Factor B in the
hypothalamus and hippocampus of adolescent fructose-fed rats but not those
fed fructose in adulthood only. Furthermore, exposure to the high-fructose diet
224

50th Annual Winter Conference on Brain Research

throughout puberty remodeled vasculature within the hippocampus. Fructosefed rats had increased vascular density in the hippocampus, demonstrating
structural reorganization in response to a modifiable dietary factor. These data
demonstrate that high-fructose diet consumption during adolescence remodels
the hypothalamic transcriptome, promotes increased expression of complement
in the hypothalamus and hippocampus, and remodels hippocampal vasculature.
This is the first demonstration of widespread fructose-induced changes in
central expression of inflammatory factors and vascular structure and highlights
the profound influence of diet on the brain.

W25. Blast Exposure in Mice and Combat Veterans
Promotes Persistent Dopaminergic and Behavioral
Dysfunction
Abigail Schindler*, James Meabon, Kole Meeker, Ge Li, Carl Sikkema, Charles
Wilkinson, Elaine Peskind, Jeremy Clark, David Cook

Mild traumatic brain injury has been called the “signature injury” of Operation
Iraqi Freedom/Operation Enduring Freedom/Operation New Dawn (OIF/
OEF/OND). Exposure to the primary blast overpressure is capable of
causing injury (blast-mTBI), however the underlying pathophysiology is
not well understood. Of significant concern is potential for post-concussive
symptoms and behavioral dysfunction (e.g. irritability, impulsiveness, risk
taking, aggression, substance abuse, PTSD, depression), but diagnoses and
treatment options are limited. The mesolimbic dopamine system plays a role
in motivation, reward processing and decision making, but perturbations
are implicated in dysfunctions similar in nature to those seen following
blast-mTBI; an investigation of dopamine release post-blast has not yet been
conducted. Here we used a battlefield-relevant mouse model to investigate the
effects of blast on the mesolimbic dopamine system as a potential underlying
neurochemical mechanism of blast-induced behavioral dysfunction. In
mice, blast exposure increased sensation/novelty seeking and irritability,
behaviors closely associated with risk of substance abuse in humans, which
is of increasing concern for veterans with blast-related mTBI. In accordance
with these behavioral outcomes, in vivo fast-scan cyclic voltammetry (FSCV)
demonstrated that blast caused prolonged increases in evoked phasic dopamine
release in the nucleus accumbens core. Further implicating a link between
behavioral dysfunction and disturbances of the dopaminergic system, we
found that the severity of irritability symptoms in Veterans with blast-related
mTBI was positively correlated with dopamine levels in their cerebrospinal
fluid. Taken together these findings suggest that blast-related mTBI provokes
persistent changes to the dopaminergic system. Such changes may mediate
aspects of the complex behavioral dysfunction reported in blast-exposed
Veterans and provide potential new therapeutic targets.
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W26. Single Particle Tracking of the Mu Opioid Receptor
in AtT20 Cells
Reagan Pennock*, Shane Hentges

Measuring the activity of a G-protein coupled receptors (GPCRs) generally
requires the measurement of the activation or inhibition of downstream
effectors that the receptors couple to. It is possible that desensitization or
potentiation of downstream effectors can occur independent of the receptor
of interest, thus complicating measurements of receptor activation or
desensitization. In the present study single particle tracking of FLAG-tagged
mu opioid receptors (MOPs) stably expressed in AtT20 cells is employed
to measure receptor diffusivity before and after treatment with an agonist,
thus providing a measurement of receptor activation that does not rely on
downstream effectors. FLAG-MOPs were labeled using a biotinylated antiFLAG antibody that was subsequently conjugated to streptavidin-Qdot 565.
Labeled receptors were imaged on a spinning disk confocal microscope at a rate
of 20 frames/s. Videos were taken under basal conditions, and again after 10
minutes in the presence of the full MOP agonist DAMGO. Labeled receptors
were then tracked and their diffusivity analyzed before and after treatment with
DAMGO. DAMGO treatment resulted in reduced receptor number on the
surface the cells, as well as altered diffusivity of the FLAG-MOP. Characterizing
the diffusion patterns of inactive and active MOPs provides a direct measure
of receptor activation that bypasses complications introduced by using the
output of a given effector as a proxy for receptor activity, and may also be used
to measure compartment specific differences in receptor activation that are
difficult to perform using electrophysiological or biochemical techniques.

W27. Decoding Brain Epigenome Maps with Broad Histone
H3K4me3 Domains: Discovering Functional Epigenetic
Patterns and Their Dynamics in Gene Regulatory Networks
Aslihan Dincer*, Bin Zhang, Joel T. Dudley, Eric E. Schadt, David P. Gavin,
Schahram Akbarian

Only few histone modifications have been mapped in human brain.
Trimethylation of histone H3 at lysine 4 (H3K4me3) is a chromatin
modification known to mark the transcription start sites (TSS) of active gene
promoters. Regulators of H3K4me3 mark are significantly associated with the
genetic risk architecture of common neurodevelopmental disease, including
schizophrenia and autism. Here, through integrative computational analysis
of epigenomic and transcriptomic data based on next generation sequencing,
we investigated H3K4me3 landscapes of FACS sorted neuronal and nonneuronal nuclei in human postmortem, non-human primate (chimpanzee and
macaque) and mouse prefrontal cortex (PFC), and blood. We characterized
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the broad H3K4me3 histone domains from human PFC in the context of
cell-type specific regulation, association with neuronal and non-neuronal gene
expression and potential implications for normal and diseased development.
We first addressed the occurrence and the biological significance of the broad
H3K4me3 histone domains in three different cell types, including NeuN+ PFC
neurons, NeuN- PFC cells, and nucleated blood cells and then identified novel
regulators of these three different cell types by focusing on top 5% broadest
H3K4me3 peaks (length in base pairs). In PFC neurons, broadest peaks ranged
in size from 3.9 to 12kb, with extremely broad peaks (~10kb or broader)
related to synaptic function and GABAergic signaling (DLX1, ELFN1, GAD1,
LINC00966). Broadest neuronal peaks showed distinct motif signatures, and
were centrally positioned in prefrontal gene bayesian regulatory networks.
Approximately 120 of the broadest H3K4me3 peaks in human PFC neurons,
including many genes related to glutamatergic and dopaminergic signaling,
were fully conserved in chimpanzee, macaque and mouse cortical neurons.
Exploration of spread and breadth of lysine methylation markings in specific
cell types could provide novel insights into epigenetic mechanism of normal
and diseased brain development, aging and evolution of neuronal genomes.

W28. GPR52 – A Fine Tuner of Striatal Signaling
Greg Stewart*, Daisy Spark, Jess Nithianantharajah, Christopher Langmead

Introduction: GPR52 is a Gαs-coupled, orphan G protein-coupled receptor
(GPCR) recently identified in literature as a novel target in schizophrenia due
to expression in key areas of dopaminergic and glutamatergic dysregulation.
GPR52 is highly expressed in the striatum, exclusively on dopamine D2
receptor-expressing medium spiny neurons (MSNs) and predominantly on
dopamine D1 receptor-expressing cortical pyramidal neurons, in key neuronal
populations that may regulate striatal hyper- and cortical hypodopaminergic
states in schizophrenia. Aims: To examine the role of GPR52 in striatal
signalling, neurophysiology and striatal-dependent behaviours in order to gain
insight into how this receptor may function as a novel target for schizophrenia.
Methods: We performed cAMP accumulation, Ca2+ mobilization and
ERK1/2 phosphorylation assays in Chinese hamster ovary (CHO) cells stably
transfected with human GPR52 (CHO GPR52) using selective synthetic
agonist 3-[2-(3-Chloro-5-fluorobenzyl)-1-benzothiophen-7-yl]-N-(2methoxyethyl)benzamide (3-BTBZ); cAMP assays were also performed in
primary mouse embryonic striatal cultures. We used immunohistochemistry
to investigate 3-BTBZ-induced phosphorylation of striatal signal integrator,
32kDa dopamine- and cAMP-regulated phosphoprotein (DARPP-32). Two
key residues that modulate MSN excitability, threonine 34 (T34) and threonine
75 (T75), were examined in D1- and D2-expressing MSNs. In vivo activity
of 3-BTBZ (1 - 30 mg/kg, IP) was assessed using amphetamine (3 mg/kg,
IP)- and phencyclidine (3 mg/kg, IP)- induced hyperactivity in mice (n = 6-7
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per group). Results: 3-BTBZ induced cAMP production (pEC50 = 7.5 ± 0.2,
n=4), but not Ca2+ mobilization or ERK1/2 phosphorylation, in CHO GPR52
cells and also induced cAMP production (pEC50 = 8.3 ± 0.2, n=4) in striatal
neurons. 3-BTBZ increased T75 phosphorylation in D1- but not D2-expressing
MSNs, with no effect on T34 phosphorylation in either population under these
experimental conditions. Finally, 3-BTBZ showed efficacy in predictive animal
models of psychotic symptoms of schizophrenia, inhibiting both amphetamineand phencyclidine-induced hyperactivity at 30 mg/kg (IP) and 3-10mg/kg
(IP), respectively. Discussion: This data suggests that GPR52 activation, likely
via regulation of cAMP signalling, modulates both DARPP-32 phosphorylation
and behaviour in predictive models of schizophrenia.

W29. GABA-B Agonist Baclofen Normalizes AuditoryEvoked Neural Oscillations and some Cognitive Deficits in
the FMR1 Knockout Mouse Model of Fragile X Syndrome
Duncan Sinclair*, Robert Featherstone, Shinobu Akuzawa, Mitsuyuki Matsumoto,
Steven J. Siegel

Fragile X Syndrome (FXS) is a genetic condition which results from FMR1
gene mutation. Many features of FXS, which include intellectual disability,
autism-like symptoms and sensory hypersensitivity, are relatively unresponsive
to current treatments. Arbaclofen, an emerging pharmacotherapy and GABA-B
agonist, has shown efficacy for some individuals but recently failed clinical
trials in FXS. To understand the utility of baclofen (the publically available,
racemic mix of arbaclofen) for targeting key FXS symptom domains such as
auditory sensory processing and cognitive function, we used Fmr1 knockout
mice, a rodent model of FXS with good construct validity. Male and female
Fmr1 knockout mice (n=15-23 per group) had increased baseline and auditoryevoked power of high frequency gamma (30-80Hz) oscillations as measured
by electroencephalography (EEG) relative to wild-type controls, suggestive
of increased background noise and sensory hypersensitivity. The increased
power of baseline and evoked gamma oscillations in Fmr1 knockout mice were
reversed by treatment with baclofen. These abnormalities of neural oscillations
were accompanied by impaired working memory (decreased spontaneous T
maze alternation) and altered anxiety-relevant behaviour (increased open field
center time) in Fmr1 knockout mice, both of which were also normalized by
baclofen treatment. Furthermore, as a group, animals whose evoked gamma
oscillations decreased during baclofen treatment displayed improvement in
working memory, while animals whose evoked gamma oscillations increased
did not. These findings suggest that baclofen may be appropriate for targeting
sensory disturbances and some behavioural symptoms in FXS, and that evoked
gamma oscillations may have utility for predicting behavioural responsiveness
to baclofen.
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W30. Neuromorphic Implementation of the Human Spinal
Cord for Finger Control
Kian Jalaleddini, Chuanxin Minos Niu, Suraj Chakravarthi Raja, Sohn Won Joon,
Loeb Gerald, Sanger Terence, Francisco Valero-Cuevas*

Objective: We studied the fundamentals of muscle afferentation by building a
neuro-mechano-morphic system actuating a cadaveric finger. This system is a
faithful implementation of the stretch reflex circuitry. It allowed the systematic
exploration of the effects of different fusimotor drives to the muscle spindle
on the closed-loop stretch reflex response. Approach: In our neuro-mechanomorphic system, sensory neurons conveyed proprioceptive information from
muscle spindles (with static and dynamic fusimotor drive) to populations of
-motor neurons (with recruitment and rate coding properties). The motor
commands were transformed into tendon forces by a Hill-type muscle
model (with activation-contraction dynamics) via brushless DC motors.
Two independent afferented muscles emulated the forces of flexor digitorum
profundus and the extensor indicis proprius muscles, forming an antagonist
pair at the metacarpophalangeal joint of a cadaveric index finger. We measured
the physical response to repetitions of bi-directional ramp-and-hold rotational
perturbations for 81 combinations of static and dynamic fusimotor drives,
across four ramp velocities, and three levels of constant cortical drive to the
-motor neuron pool.
Results: We found that this system produced responses compatible with the
physiological literature. Fusimotor and cortical drives had nonlinear effects on
the reflex forces. In particular, only cortical drive affected the sensitivity of reflex
forces to static fusimotor drive. In contrast, both static fusimotor and cortical
drives reduced the sensitivity to dynamic fusimotor drive. Interestingly, realistic
signal-dependent motor noise emerged naturally in our system without having
been explicitly modeled. Significance: We demonstrate that these fundamental
features of spinal afferentation sufficed to produce muscle function. As such,
our neuro-mechano-morphic system is a viable platform to study the spinal
mechanisms for healthy muscle function —and its pathologies such as dystonia
and spasticity. In addition, it is a working prototype of a robust biomorphic
controller for compliant robotic limbs and exoskeletons.
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W31. Haploinsufficiency of the Brain-Derived
Neurotrophic Factor (BDNF) Gene Causes Reduced Pain
Sensitivity in an Animal Model and Humans With the
WAGR Copy Number Variant
Matthew Sapio*, Michael Iadarola, LaPaglia Danielle, Andrew Mannes, Joan Han

WAGR syndrome is caused by a variable deletion on the p arm of chromosome
11. A subset of WAGR syndrome children harbors a deletion of the BDNF
gene, which in conjunction with its cognate receptor TrkB, is known to
participate in the induction and maintenance of chronic pain states, but has not
been shown to regulate basal nociception. Based on sporadic reports of pain
insensitivity in some WAGR children, we used quantitative sensory testing
to measure thermal pain sensitivity in these subjects. We selected a subset of
12 WAGR subjects capable of performing the task out of a larger group of 31
subjects. Genotyping of the hemideleted region at chromosome 11p14-p12
in these 12 subjects identified 6 BDNF+/- individuals and 6 BDNF+/+. The
BDNF+/- WAGR subjects had profoundly reduced pain ratings for hot and
cold stimuli compared to BDNF+/+ individuals, whereas their sensitivity to
vibration was normal. Because several neighboring genes also associate with
the reduced pain ratings, we investigated basal pain sensitivity in Bdnf+/- rats,
harboring a single gene deletion. Thermal nociceptive sensitivity was similarly
reduced in Bdnf+/- rats, for both C- and A-delta fiber mediated nociceptive
responses. Heterozygous animals showed reduced latencies to withdraw from
a heat stimulus delivered to the hind paw plantar surface by an infrared diode
laser (8.5 vs. 11.3 sec), corresponding to 44.8°C plantar surface temperature for
WT, and 46.5°C for Bdnf+/-. A similar characterization was performed for cold
stimulation with Bdnf+/- displaying longer latencies to withdraw to noxious
cold (11.2 vs. 20.7 sec) corresponding to 20°C plantar surface temperature for
WT and 14°C for Bdnf+/-. Measures of cold aversion were also significantly
attenuated in Bdnf+/- rats. These data are the first to demonstrate a human pain
deficit attributable to BDNF haploinsufficiency and establish the TrkB-BDNF
system as a major determinant of nociceptive sensitivity.

W32. Resolving Mechanisms of Habit Efficiency in the
Dorsolateral Striatum Using Optogenetics
Adam Crego*, Fabián Štoček, Alec Marchuk, Kyle Smith

Habit acquisition and expression requires the basal ganglia’s dorsolateral
striatum (DLS). Habit fluidity has been correlated to phasic activity of DLS
neurons at the initiation of behavior, but whether it is causally relevant to
habit performance is unknown. To test this, rats were trained on a plus-maze
task, where the behavior learned was a “run, turn, stop” sequence for reward.
Separate rat groups were used to activate (channelrhodopsin) or inactivate
230

50th Annual Winter Conference on Brain Research

(halorhodopsin) the DLS at different times during the sequence (run start, midrun, or full run duration) to establish if DLS timing can strengthen or weaken
the response habit. Two paradigms were used, measuring efficiency by accuracy,
time-to-complete (trial-by-trial & total), latency to start, speed, and vicarious
trial and error (VTE) head movements. First, rats learned a response strategy,
where the correct turn was fixed regardless of start location. DLS activation
at run start and full run duration equivalently increased speed and reduced
VTE’s, while identical activation mid-run did nothing. Inhibiting DLS resulted
in opposite trends. Thus, DLS start activity carried influence over response
efficiency. As the response could be selected at the start of behavior, when
DLS manipulations were effective, it suggests a DLS role in promoting efficient
behavior at the time of response selection. To confirm this, a second paradigm
required rats to navigate towards a visual cue for reward that could only be
resolved at the choice point. Similar to the response task, DLS activation at run
start increased all speed measures. Unlike the response task, DLS activation
mid-run, when the navigation choice must be calculated, also increased
speed measures. These results suggest that phasic DLS activity can shape how
efficiently a behavior is executed, and that the timing of DLS activity is causally
relevant to the time at which responses are selected.

W33. Pathway- and Cell Type-Specific Kappa-Opioid
Receptor Modulation of Excitatory-Inhibitory Balance
Differentially Gates D1 and D2 Accumbens Medium Spiny
Neuron Activity
Hugo Tejeda*, Jocelyn Wu, Alana Kornspun, Marco Pignatelli, Vadim Kashtelyan,
Michael Krashes, Bradford Lowell, William Carlezon, Antonello Bonci

Endogenous dynorphin signaling via the kappa-opioid receptor (KOR) in the
nucleus accumbens (NAcc) powerfully mediates negative affective states and
stress reactivity. Excitatory inputs from the hippocampus and amygdala play
a fundamental role in shaping the activity of both NAcc D1 and D2 MSNs,
which encode positive and negative motivational valences, respectively.
However, a circuit-based mechanism by which KOR modulation of excitationinhibition balance modifies D1 and D2 MSN activity is lacking. Here, we
provide a comprehensive synaptic framework wherein presynaptic KOR
inhibition decreases excitatory drive of D1 MSN activity by the amygdala, but
not hippocampus. Conversely, presynaptic inhibition by KORs of inhibitory
synapses on D2 MSNs enhances integration of excitatory drive by the amygdala
and hippocampus. In conclusion, we describe a circuit-based mechanism
showing differential gating of afferent control of D1 and D2 MSN activity by
KORs in a pathway specific manner.
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W34. mGluR-LTD in the Lateral Habenula Decides the
Direction of Neuronal Output
Kristina Valentinova*, Manuel Mameli

Glutamatergic neurons of the lateral habenula (LHb) control monoaminergic
systems contributing to the processing of stimuli with negative valence. Longrange synaptic inputs shape LHb neurons’ activity driving behavioural states
including preference and avoidance. However, insights into the molecular
mechanisms tuning synaptic transmission and their consequences on LHb
neuronal firing remain elusive. Here we tested the functional implication of
metabotropic glutamate receptors (mGluRs) as key regulators of excitatory
and inhibitory synaptic transmission onto LHb neurons. By using patchclamp recordings in combination with pharmacology, we report that, in
mice, activation of group I mGluRs with the selective agonist DHPG triggers
long-term depression of excitatory (eLTD) and inhibitory (iLTD) synaptic
transmission in the LHb. mGluR-eLTD and iLTD share common induction
mechanisms - mGluR1 activation and PKC signaling - but require different
expression mechanisms. While mGluR-eLTD relies on CB1-Rs-dependent
reduction in glutamate release, mGluR- iLTD is independent of presynaptic
modifications and CB1-Rs activation. Conversely, mGluR-iLTD expresses
postsynaptically through PKC-dependent decrease of β2-containing
GABAa-Rs’ function. Finally, mGluR-dependent plasticity of excitation or
inhibition decides the direction of LHb neuronal firing, providing a synaptic
mechanism to bidirectionally control LHb output. We propose mGluR-LTD
as a cellular substrate potentially contributing to LHb-dependent encoding of
opposing motivational states such as reward and aversion.

W35. Disentangling Inhibitory Control of the VTA
Dopamine System
Marta Soden*, Amanda Chung, Larry Zweifel

Inhibitory GABAergic synapses in the ventral tegmental area (VTA)
are essential for regulating mesolimbic dopamine function. GABAergic
synapses in the VTA can arise from local inhibitory neurons and from distal
inhibitory projection neurons. The contribution of these distinct inputs to
VTA dopamine neuron function remains poorly resolved. To establish the
extent of inhibitory inputs to the VTA we used a novel retrograde tracing
technique and demonstrate that GABAergic projection neurons to the VTA
outnumber local inhibitory neurons, and also outnumber glutamatergic,
cholinergic, or peptidergic projections to the VTA. Synaptic physiology
confirms that GABAergic synapses are the predominate inputs to the VTA,
and that GABAergic projections to the VTA are biased towards specific cell
types. Removal of GABAergic signaling from distal versus local inputs to
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the VTA caused significant deficits in motivation and learning on a number
of dopamine-dependent behavioral tasks. Together, these results reconcile
previous retrograde tracing studies and electrophysiological data and indicate a
critical role for extra-VTA inhibitory neurons in the regulation of dopaminergic
function.

W36. Input-Specific Synaptic Responses to Prefrontal FastSpiking Interneurons
Luke Bogart*, Patricio O’Donnell

The prefrontal cortex (PFC) is a key component in current hypotheses of
schizophrenia (SZ) pathophysiology. An alteration in excitation-inhibition
balance is likely as postmortem studies show changes consistent with loss of
function in parvalbumin-expressing, fast-spiking interneurons (FSI) in the PFC
of SZ patients. NMDA antagonists can reproduce some aspects of the disease
and are thought to act by blocking receptors in FSI. However, some recent
studies have questioned the extent of NMDA function in this cell population.
Here, we investigated whether NMDA and AMPA components in synaptic
responses of medial PFC (mPFC) FSI differ on an input-specific basis.
By injecting viruses into various regions of the mouse brain, we labeled
excitatory cells and their mPFC-projecting afferents with opsins, allowing
for light-activation of specific sets of presynaptic inputs in brain slices. In
patch-clamped, adult FSI, we quantified the resulting currents by taking the
ratio of amplitude-normalized charge transfer in a picrotoxin baseline to that
recorded with DL-APV on-board to block NMDAR, to assess the NMDA/
AMPA ratio. Activating inputs originating from the ventral hippocampus
revealed a dominant AMPA component with almost negligible contribution
from NMDA receptors. However, contralateral mPFC-driven responses were
more APV-sensitive than those from hippocampus (1.436 vs. 1.029, P =
0.0294), suggesting that FSI may demonstrate synapse-specific regulation of
NMDAR content on the basis of the source of synaptic inputs. We are currently
exploring further input-types to mPFC FSI and pyramidal cells (e.g., thalamus,
amygdala), and examining whether extrasynaptic NMDAR may be present in
these synapses. The data indicate that the role of NMDA antagonists on FSI
may need to be understood in the context of which circuitry components they
affect.
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