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Welcome to the twenty-seventh Annual Rush and Helen Record Forum and Lectures in Neuroscience,
made possible through a generous gift from friends of Rush and Helen Record. Because of their
involvement, we have the opportunity to meet at this Forum and focus on the research accomplishments,
opportunities and challenges of the past year. This Forum is an important component of our Graduate
Program that provides Neuroscience graduate students and postdoctoral fellows a setting in which to
present their research findings to the Baylor College of Medicine Neuroscience community. The Forum
also provides an opportunity to invite colleagues from other institutions to share their perspective on our
research and training activities. We hope everyone will enjoy the forum and come away with new ideas and
enthusiasm for our common interest in neuroscience.
Rush and Helen Record
Rush and Helen Record made their home in Houston for over 50 years and together made significant
contributions to addressing the causes of mental illnesses. Rush and Helen Record were pioneering advocates
of the biological origins of mental illness and spearheaded efforts to support research in the biochemical
origins of schizophrenia. Through their leadership the Division of Neuroscience at Baylor College of Medicine
was founded under the direction of our first Chair, Dr. James Patrick. Together, the Records have given to all
of us, and we are proud to hold this Forum in their honor.
Cover Image
Cover art contest winner is Cameron Smith, a first year Neuroscience graduate student. He has designed a
fractal comprised of spherical nodes to represent an abstract neural or social network. The pictures in the four
nodes portray increasingly complex phenomena. Starting from the top left and moving clockwise: (1) TEM of a
single nerve (2) IFS of a mouse spinal cord (3) mouse social behavior (4) people interacting. A single neuron is
placed at the center to symbolize how it is the basis of each image.
The fractal is meant to be an abstract network, to represent a neural or social network, evoking Dr. Dulac's
research on the neural circuits underlying social behavior. The central neuron represents how studying neural
signaling/dynamics provides insight into each image, from pathways to social behavior. The bottom left image
is also meant to look romantic as a subtle nod to Dr. Dulac's work on mechanisms underlying mating behavior
in mice.
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Mendez, and Meg Ferris whose efforts behind the scenes made this Forum possible.
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Professor and Interim Chair
Department of Neuroscience
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Professor, Director of Graduate Studies
Department of Neuroscience
Baylor College of Medicine
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Friday, February 10, 2017

9:00 – 9:40

Welcome and breakfast

Mainsail

9:40 – 11:10

Session 1 Moderator: Matthew Rasband

Mainsail

9:40 – 10:00

O1

Jacyln Patterson

10:00– 10:20

O2

10:20– 10:40

O3

Meike van der
Heijden
Heather Born

10:40– 11:10

O4*

Trent Watkins

Investigating reduced Bayesian prior in autistic
spectrum disorders
ATOH1-dependent neurons involved in
chemoresponses are essential for neonatal survival
Strain-specific phenotypes in the maternally deficient
Ube3a Angelman syndrome mouse model
The neuronal injury response: friend and foe

11:10 – 1:00
11:15 – 12:15

Lunch
**Student meeting with advisors

Grand Ballroom
Mainsail

1:00 – 2:30

Session 2 Moderator: Ben Deneen

Mainsail

1:00 – 1:20

O5

Henry Cham

1:20 – 1:40

O6

Chien-Ju Chen

1:40 – 2:00

O7

2:00 – 2:30

O8*

Gravity encoding in mice head direction cells

2:30 – 4:00

Genetic inhibition of mTORC2 rescued neurological
dysfunction and brain glucose metabolism in PTEN
deficient mouse model of ASD
Amanda Taylor
Characterization of the hemodynamic response
function across human cerebral cortex
Mike Beauchamp
Models and mechanisms of multisensory speech
perception
Poster session and coffee break
Grand Ballroom

4:00 – 5:15

Session 3 Moderator: Joanna Jankowsky

4:00 – 4:20

O9

4:20 – 4:40

O10

4:40 – 5:10

O11*

5:15 – 6:00

Mainsail

Courtney Garcia

Comparison of neural and perceptional thresholds in
Macaque brainstem
Amber Levine
Autonomic dysfunction and increased arrhythmogenic
potential in mice following status epilepticus
Hyun-Kyoung Lee
Developmental gliogenesis: new perspectives and
paradigms for repairing the CNS
Hotel check-in (keys available at Mainsail registration desk)

6:00 – 7:00

Cocktail reception

7:00 – 7:30

Paul Pfaffinger

Dinner/Keynote Address/Awards

7:30

Catherine Dulac

Rush and Helen Record Neuroscience Forum Keynote
Lecture: Molecular and Neural Architecture of Social
Behavior Circuits
Conferee Lounge

9:00

Grand Ballroom

Neuroscience
Social
*Presentations with an asterisk have no printed abstract in book
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Saturday, February 11, 2017

7:30 – 9:00

Buffet breakfast

Grand Ballroom

9:00 – 10:30

Session 4 Moderator: Mauro Costa-Mattioli

Mainsail

9:00 – 9:30

O12*

Shinya Yamamoto

9:30 – 9:50

O13

Lexi Crommett

9:50 – 10:20

O14*

Xiaolong Jiang

Using Drosophila discover new genes involved in
human neurological disorders
Auditory adaptation improves tactile frequency
perception
Dissecting cortical microcircuit: from cell types,
connectivity motifs to cell-type specific functions

10:20 – 10:45

Break

Mainsail

10:45 – 12:00

Session 5 Moderator: Kim Tolias

Mainsail

10:45 – 11:05

O15

Asante Hatcher

11:05 – 11:25:

O16

Hongxia Wang

11:25 – 11:55

O17*

Matthew McGinley

Noon – 1:00

The role of tau in modulating hyper-excitability across
multiple models of epilepsy
Characterization of feed forward inhibition in a looming
detection circuit
Closed-loop peripheral nerve stimulation to achieve
optimal auditory learning

Paul Pfaffinger, Lunch and Talk Awards

Grand Ballroom

*Presentations with an asterisk have no printed abstract in book

Adjourn

SPECIAL NOTE for those participating in afternoon recreation at
Pleasure Pier: Please meet at entrance to Pleasure Pier at 1:15pm –
1:45 to line up for ride admission wristband
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2017 Rush and Helen Record Neuroscience Forum Keynote
Speaker: Catherine Dulac
Catherine Dulac is a Howard Hughes Medical Institute
Investigator, and Higgins Professor of Molecular and Cellular
Biology at Harvard University. Her work explores neural
circuits underlying instinctive social behaviors in mice, and the
nature and function of genomic imprinting in the brain. She
grew up in Montpellier, France, graduated from the Ecole
Normale Supérieure, Paris, and received her PhD from the
University of Paris VI. She was a postdoctoral fellow at
Columbia University and joined the faculty of Harvard in 1996
as a junior faculty, before becoming full professor in 2001,
and Chair of Harvard's Department of Molecular and Cellular
Biology from 2007 until 2013. She is a member of the US
National Academy of Sciences, and of the French Academy
of Sciences, and a fellow of the American Academy of Arts
and Sciences and the American Association for the
Advancement of Science.
The title of her 2017 Rush and Helen Record Forum talk is:

“Molecular and Neural Architecture of Social Behavior Circuits”

Past Rush and Helen Record Lectures
1990

Michael Merzenich, Ph.D.
Professor of Otolaryngology and a Neuroscientist
University of California, San Francisco
Member, National Academy of Sciences

Origins of Learning and Non–Declarative
Memory in the Cerebral Cortex

1992

Stephen F. Heinemann, Ph.D.
Professor of Molecular Neurobiology Laboratory
Salk Institute for Biological Studies
Member, National Academy of Sciences and the
Institute of Medicine

The Glutamate Receptors Family: Structure,
Function and Expression in the Brain

1993

James W. Patrick, Ph.D.
Professor and Head for the Division of Neuroscience
Baylor College of Medicine

The Diversity of Neuronal Nicotinic
Acetylcholine Receptors

1994

Timothy Bliss, Ph.D.
Head of the Division of Neurophysiology and
Neuropharmacology, National Inst. of Med. Research

LTP Comes of Age (1973 – 1994): Where
Now?

1995

Bert Sakmann, Ph.D.
Director, Department of Cell Physiology
Max-Planck-Institute for Medical
Member, National Academy of Sciences
1991 Nobel Prize in Physiology or Medicine

Electrical Properties of Dendrites Modulate
Integrative Functions of Neurons
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1996

Randall R. Reed, Ph.D.
Professor, Departments of Molecular Biology and
Genetics and of Neuroscience, Johns Hopkins
University School of Medicine

The Genetics of Olfaction

1997

Zach W. Hall, Ph.D.
President and CEO of Envivo Pharmaceuticals Inc.
Member, Institute of Medicine

Assembly of the Synapse

1998

William T. Newsome, III, Ph.D.
Professor of Neurobiology, Stanford University
School of Medicine
Member, National Academy of Sciences
Erwin Neher, Ph.D.
Director of the Department Membranbiophysik the
Max-Planck- Institut für biophysikalische Chemie
Eric Nestler, M.D., Ph.D.
Elizabeth Mears and House Jameson Professor of
Psychiatry and Neurobiology. Yale University.
Member, Institute of Medicine

Converting Sensory Signals into Perceptual
Decision: Perspectives

1999
2000

Trying to Understand Short–Term Plasticity in
Quantitative Terms
Molecular Mechanisms of Drug Addiction

2001 Gail Mandel, Ph.D.
Senior Scientist, The Vollum Institute
Oregon Health & Science University

Regulation of Neuronal Phenotype by
Transcriptional Repression: How to Quiet Your
Nerves

2002 Lorna Role, Ph.D.
Professor, Department of Anatomy and Cell Biology
Center for Neurobiology and Behavior, Columbia

Cholinergic Modulation of Central Synapses
Involved in Pain and Gain

2003 Simon Laughlin, Ph.D.
Rank Research Professor in Opto–Electronics
Department of Zoology, University of Cambridge

Energy, Information and the Design of Brains

2004 Alcino Silva, Ph.D.
Professor, Departments of Neurobiology, Psychiatry,
and Psychology, Brain Research Institute, UCLA

Unraveling the Molecular and
Biology of Permanent Memory

2005 Eric Knudsen, Ph.D., The Edward C. and Amy H.
Sewall Professor in the School of Medicine and
Chair, Department of Neurobiology, Stanford School
of Medicine. Member, National Academy of
Sciences

Mechanisms of Learning in the Auditory
System of the Barn Owl

2006 Richard Tsien, Ph.D.
George D. Smith Professor of Molecular and Genetic
Medicine, Department of Molecular and Cellular
Physiology, Stanford University. Member, National
Academy of Science and the Institute of Medicine

Unexpected Signaling at the Synapse

2007 David S. Weiss, Ph.D.
Professor and Chair, Department of Physiology
UTexas Health Science Center at San Antonio

Emerging Views on
Structure and Function
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2008 Jonathan Cohen, M.D., Ph.D.
Eugene Higgins Professor of Psychology
Co-Director, Princeton Neuroscience Institute,
Princeton University

The Vulcanization of the Human Brain:
Neuroimaging Studies of Cognition-Emotion
Interactions in Decision Making

2008 Craig Jahr, Ph.D.
Senior Scientist, The Vollum Institute
Professor, Department of Cell and Developmental
Biology, School of Med, Oregon Health & Science U

Neural-glial Interactions in the CNS

2009 Craig Garner, Ph.D.
Professor of Psychiatry and Co-Director of the Down
Syndrome Center, Stanford Univ School of Medicine

Cellular and Molecular Mechanisms of
Presynaptic Active Zone Assembly and
Function

2009 Elizabeth Gould, Ph.D.
Professor of Psychology, NARSAD Distinguished
Investigator, Princeton University
2010 Harold W. Sontheimer, Ph.D.
Professor, Department of Neurobiology. Director,
Center for Glial Biology in Medicine, Director, Civitan
International Research Center
University of Alabama at Birmingham

Structural Plasticity in the Adult Brain

2011 Joshua R. Sanes, Ph.D.
Professor of Molecular & Cellular Biology
Director, Center for Brain Science, Harvard University

Visualizing Circuits in the Visual System

2012 Karl Deisseroth, M.D., Ph.D.

Optogenetics: Application and Development

New Treatments for Primary Brain Tumors:
Ion Channels and Amino-acid Transporters
as Drug Targets

Associate Professor of Bioengineering and Psychiatry
Stanford University
2013 Cornelia Bargmann, Ph.D.
Investigator, Howard Hughes Medical Institute
Torsten N. Wiesel Professor; Lulu and Anthony Wang
Laboratory of Neural Circuits and Behavior
The Rockefeller University, New York
2014 Gilles Laurent, Ph.D.
Director, Max Planck Institute of Brain Research
Frankfurt, Germany
2015 Nick Spitzer, Ph.D.
Director, Kavli Institute for Brain and Mind
University of California San Diego
Member, National Academy of Sciences
2016 Eve Marder, Ph.D.
Victor and Gwendolyn Beinfield Professor of
Neuroscience, Brandeis University
Member, National Academy of Sciences

Using Fixed Neural Circuits to Build Flexible
Behaviors

Explorations of a simple visual cortex

Neurotransmitter Switching in the Adult Brain

Robustness, Variability, Modulation and
Homeostasis in Neurons and Networks

Please note that the speakers’ professional titles listed are from the time of their keynote lecture.
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2017 Neuroscience Advisory Panel

Nicholas Spitzer, PhD

Liqun Luo, PhD

Nick Spitzer received his Ph.D. from Harvard
University and was a postdoctoral fellow at
Harvard and University College, London. He
joined the faculty of University of California, San
Diego in 1972. He has been the recipient of a
Sloan Fellowship, a Javits Neuroscience
Investigator Award and a Guggenheim Fellowship.
He is editor-in-chief of BrainFacts.org, a fellow of
the American Association for the Advancement of
Science, a member of the American Academy of
Arts and Sciences and the National Academy of
Sciences and director of the UCSD Kavli Institute
for Brain and Mind.

Dr. Luo grew up in Shanghai, China, and earned
his bachelor's degree in molecular biology from
the University of Science and Technology of
China. After obtaining his PhD in Brandeis
University, and postdoctoral training at the
University of California, San Francisco, Dr. Luo
started his own lab in the Department of Biology,
Stanford University in late 1996. Together with his
postdoctoral fellows and graduate students, Dr.
Luo studies the logic of brain wiring using genetic
tools. They have developed mosaic marking
systems in flies and mice and used them to study
how signals are transduced from cell surface
receptors to the cytoskeleton, how neuronal
processes are pruned, and how neural circuits are
organized and built. Dr. Luo is currently the Ann
and Bill Swindells Professor of Humanities and
Sciences, Professor of Biology and an Investigator
of the Howard Hughes Medical Institute. He
teaches neurobiology to Stanford undergraduate
and graduate students. He recently published a
single-author neuroscience textbook “Principles of
Neurobiology” (Garland Science 2015).

His lab has discovered that spontaneous transient
elevations of intracellular calcium, generated by
ion channels and receptors, control several
aspects of differentiation during an early period in
embryonic development. Continued work is aimed
at understanding the roles of electrical activity in
assembly of the nervous system, by analyzing the
effects of calcium transients on neuronal
differentiation and determining the molecular
mechanisms by which they exert these effects.

Dr. Luo is a Member of the National Academy of
Sciences and a Fellow of the American Academy
of Arts and Sciences.
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Neuroscience Primary Faculty
Dora Angelaki, PhD
Jeannie Chin, PhD
Mauro Costa-Mattioli, PhD
Benjamin Deneen, PhD
J. David Dickman, PhD
Fabrizio Gabbiani, PhD
Andrew Groves, PhD
Joanna L. Jankowsky, PhD
Xiaolong Jiang, PhD

Nuo Li, PhD
Matthew McGinley, PhD
Javier Medina, PhD
Ronald Parchem, PhD
Ankit Patel, PhD
Paul J. Pfaffinger, PhD, Interim Chair
Xaq Pitkow, PhD
Matthew N. Rasband, PhD
Russell Ray, PhD

David Ress, PhD
Melanie Samuel, PhD
H. David Shine, PhD
Francois St-Pierre, PhD
Andreas S. Tolias, PhD
Kimberly R. Tolias, PhD
Mingshan Xue, PhD
Jeffrey Yau, PhD

Neuroscience Joint Faculty
Anne E. Anderson, MD
Benjamin R. Arenkiel, PhD
Scott F. Basinger, PhD
Michael Beauchamp, PhD
Hugo J. Bellen, DVM, PhD
William E. Brownell, PhD
Ching-Kang Jason Chen, PhD
Gary D. Clark, MD
Edward C. Cooper, MD, PhD
Richard De La Garza II, PhD
Herman A. Dierick, MD
Brett Foster, PhD
Benjamin Frankfort, PhD

Yingbin Fu, PhD
Frank T. Horrigan, PhD
Daoyun Ji, PhD
Thomas R. Kosten, MD
Hyun-Kyoung Lee, PhD
Mirjana Maletic-Savatic, PhD
Shailaja K. Mani, PhD
Graeme Mardon, PhD
Jeffrey L. Noebels, MD, PhD
Bert O’Malley, MD
Paul A. Overbeek, PhD
Robia G. Pautler, PhD
Claudia S. Robertson, MD

Ramiro Salas, PhD
Joshua Shulman, MD, PhD
Roy V. Sillitoe, PhD
John W. Swann, PhD
Meng Wang, PhD
Trent Watkins, PhD
Theodore G. Wensel, PhD
Samuel M. Wu, PhD
Shinya Yamamoto, PhD
Daniel Yoshor, MD
Hui Zheng, PhD
Huda Y. Zoghbi, PhD

Neuroscience Adjunct Faculty
Caleb Kemere, PhD
Assistant Professor
Electrical & Computer Engineering
Rice University

Jacob Robinson, PhD
Assistant Professor
Electrical & Computer Engineering
Rice University

Neuroscience Research Track Faculty
Kalpana Dokka, PhD
Joseph G. Duman, PhD
Stacy Glasgow, PhD
Shane Heiney, PhD

Jung Hwan Kim, PhD
Henry Jerng, PhD
Jean Laurens, PhD
Saumil Patel, PhD
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Peter Saggau, PhD
Senior Director of Research
Engineering
The Allen Institute for Brain
Science

Jacob Reimer, PhD
I-Chih Tan, PhD
Chuansheng Zhang, PhD
Ping Jun Zhu, PhD
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Neuroscience Postdoctoral Researchers
Lavanya Acharya, PhD
James Bridgewater, PhD
Stefania Bruni, PhD
Shelly A. Buffington, PhD
Cathryn Rene Cadwell, PhD
Tiantian Cai, PhD
Zhao Lin Cai, PhD
Wu Chen, PhD
Roshni Christo, PhD
Silvia Convento, PhD
Richard B. Dewell, PhD
Reuben Fan, PhD
Emmanouil Froudarakis, PhD
Stacey Grunke, PhD
Hamdan Hamdan, PhD
Claudia Huichalaf-Navarette, PhD

Rohan Jagirdar, PhD
Michael Jansen, PhD
Abhijeet Joshi, PhD
Madhu Keralapurath, PhD
Matthias Konning, PhD
Nele Annika Lefeldt, PhD
Shuang Li, PhD
Li Lu, PhD
Shalaka Mulherkar, PhD
Shogo Ohmae, PhD
Ahmed Orhan, PhD
Eric Avila Orozco, PhD
Naama Rotem, PhD
Aram Saravani, PhD
Federico Scala, PhD
Martina Sgritta, PhD

Anand Singh, PhD
Sunita Singh, PhD
Fabian Sinz, PhD
Amanda Taylor, PhD
Tomohiro Torii, PhD
Hongxia Wang, PhD
Gregory Wojaczynski, PhD
Le-Qing Wu, PhD
Zhengwei Wu, PhD
Weiguo Yang, PhD
Dimitri Yatsenko, PhD
YeonJoo Yoo, PhD
KiJung Yoon, PhD
Rong Zhao, PhD
Daniel Zollinger, PhD

Neuroscience Graduate Students
Alexandra Acevedo-Rodriguez
Jacyln Beckinghausen
Robert Brockman
Amanda Brown
Angela Carter
Henry Cham
Chien-Ju Chen
Jenna Cicardo
Lexi Crommett
Kimberly Dalton
George Denfield
Carli Domenico
Paul Fahey
Chia-Hsuan (Annie) Fu
Jiakun Fu
Courtney Garcia
Savannah Gosnell
Caiwei Guo
Uday Gurnani

Elizabeth Halfen
Asante Hatcher
Yu-Mei (Claire) Huang
Chih-Chun Hsu
Danye Jiang
Jennifer Johnson
Sara Kee
Olivia Kim
Elizabeth Lackey
Kaushik Lakshminarasimhan
Chih-hong Lee
Amber Levine
Steven Lien
Brian Lim
Lu (Lucy) Liu
Yuwei Liu
Andrew McKinney
Xiangling (Cathy) Meng
Jacqunae Mays
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Jessica Messier
Jay Patel
Jaclyn Patterson
Amy Pohodich
Shoaibur Rahman
Shan Shen
Cameron Smith
Trace Stay
Gabriel Stephens
Sharon Stevens
Sam Stewart
Jenny Sun
Lindsay Teliska
Baouyen Tran
Meike van der Heijden
Edgar Walker
Lingyan Wang
James Webb
Chun-Ting Wu
Shahab Younesi
Meigen Yu
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Students from other PhD Programs in Neuroscience Labs
Mussie Araya
Rogers Brown II
Onur Birol
Jinxuan Cheng
Sean Dooling
Tyler Haeberle

Sanjeev Khatiwada
Jiwan Lee
Cheng-Hsin Liu
Gary Liu
Vena Martinez
Lauren Miterko

Rajkumar Raju
Muge Sertel
Yen-Kuei (Peter) Tu
Kevin Ung
Chih-Chuan Wang
Qianli Yang

Lin Zhu
Wenyi Zhu
Ying Zhu

Neuroscience Visiting Student Candidates
Lyndsey Aponik
Brigham Young University
Santa Clarita, California

Ye Li
Beijing Normal University
Beijing, China

Sophia Sanchez
Texas A&M University
Round Rock, Texas

Xinhong Chen
Tongji University
Guangdong, China

Giulia Livrizzi
Catholic University of Rome
Houston, Texas

Francis Shue
University of Texas at Austin
Austin, Texas

Yen-Chu Chen
National Yang Ming University
Taipei, Taiwan

Elise Mangin
Texas A&M University
Houston, TX

Andrew Speidell
College of William and Mary
Washington DC

Matthew Cryer
Brigham Young University
Alvin, Texas

Dakarai McCoy
University of New Mexico
Houston, Texas

Andrew Viegas
University of Alabama, Birmingham
Madison, Alabama

Zhiwei Ding
Grinnell College
Nanjing, China

Celia McKee
Vassar College
Charlottesville, Virginia

I-Ching Wang
National Taiwan University
Tainan, Taiwan

Benjamin Foulon
Princeton University
New York, New York

Nicholas Nelson
Arizona State University
Portland, Oregon

Xiang Wang
Shanghai Jiao Tong University
Shanghai, China

Rosamond Goodson
Wesleyan College
Statesboro, Georgia

Stelios Papadopoulos
University of California, Davis
Sacramento, CA

Caleb Wood
Virginia Polytechnic Institute
Laurinburg, North Carolina

Yueyang Gou
Sichuan University
Hebei, China

Bo Peng
University of Iowa
Hunan, China

Yi (Joy) Zhou
Rice University
Houston, Texas

Amritha Gourisankar
Washington University in St. Louis
Atlanta, Georgia

Gabriella Perez
Texas A&M University, Kingsville
Laredo, Texas

Sangeeth Jeevan
Indiana University – Bloomington
Houston, Texas

Derek Reznik
Arizona State University
Scottsdale, Arizona
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Neuroscience Staff
Monica Cantu
Eugene Chao
Jian Chen
Alyssa Crowder
Courtney Davis
Meg Ferris
Karen Firozi
Eva Futrell
Marina Grasso
Sihui “Asuka” Guan
Sheila Gurwitch
Lindsay Holmes
Alan Hwang
Donghyeok “Danny” Jung
Ronda Kram

Santhoshi Krishnan
Kyle Kubeczka
Jing Lin
Yanhong Liu
Giulia Livrizzi
Camila Lopez
Amanda Abrego Mancilla
Stephanie Mayor
Carlos Mendez
Zakir Mridha
Kavitha Muralidharan
Catie Nealley
Erin Neyhart
Linda Nguyen
Jin Park
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Kyung Won Park
Marina Petsalis
Yan Qian
Joselle Riojas
Ken Robinson
Tori Jean Shinn
Zheng Huan Tan
M. Danish Uddin
Wanda Waguespack
Le-Qing Wu
Hongyuan Zhang
Yi Zheng
Hongyi Zhou
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Oral Presentations

NOTE: There was no abstract requested for the invited faculty talks indicated with ** below

No.

Authors

Title

1

Jaclyn Patterson, Dora Angelaki

Investigating reduced Bayesian prior in autistic spectrum disorders

2

Meike E. van der Heijden, Huda Y.
Zoghbi

ATOH1-dependent neurons involved in chemoresponses are
essential for neonatal survival

3

Heather A. Born, An T. Dao, Anne E.
Anderson

Strain-specific phenotypes in the maternally deficient Ube3a
Angelman syndrome mouse model

4

** Trent Watkins

The neuronal injury response: friend and foe

5

Henry Cham, Jean Laurens, Michael
Shinder, Dora Angelaki, J. David
Dickman

Gravity encoding in mice head direction cells

6

Chien-Ju Chen, Martina Sgritta, Dillon
Baete, Rocco Rucero, Jeannie Chin,
Jeffrey Noebels, Mauro Costa-Mattioli

Genetic inhibition of mTORC2 rescued neurological dysfunction and
brain glucose metabolism in PTEN-deficient mouse model of ASD

7

Amanda Taylor, Jung Hwan Kim, David
Ress

Characterization of the hemodynamic response function across
human cerebral cortex

8

** Michael Beauchamp

Models and mechanisms of multisensory speech perception

9

Courtney D. Garcia, Jean Laurens,
Sheng Liu, Dora E. Angelaki

Comparison of neural and perceptional thresholds in macaque
brainstem

10

Amber T. Levine, An T. Dao, Yi-Chen
Lai, Heather A. Born, Anne E. Anderson

Autonomic dysfunction and increased arrhythmogenic potential in
mice following status epilepticus

11

** Hyun-Kyoung Lee

Developmental gliogenesis: new perspectives and
paradigms for repairing the CNS

12

**Shinya Yamamoto

Using Drosophila discover new genes involved in
human neurological disorders

13

Lexi E. Crommett, Alexis Perez-Bellido,
Jeffrey M. Yau

Auditory adaptation improves tactile frequency perception

14

**Xiaolong Jiang

Dissecting cortical microcircuit: from cell types, connectivity motifs to
cell-type specific functions

15

Asante Hatcher, Kwanha Yu, Joshua
Lalonde, Benjamin Deneen, Jeffrey
Noebels

The role of tau in modulating hyper- excitability across multiple
models of epilepsy

16

Hongxia Wang, Richard B. Dewell,
Markus U. Ehrengruber &
Fabrizio Gabbiani

Characterization of feed forward inhibition in a looming detection
circuit

17

**Matthew McGinley

Closed-loop peripheral nerve stimulation to achieve optimal auditory
learning
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Poster Abstracts
No.

Authors

Title

1

Gary Liu, Burak Tepe, Kevin Ung, Benjamin R
Arenkiel

EPL interneuron activity significantly regulates odor response
profiles in the mouse olfactory bulb

2

Yu-Mei Huang, Chuansheng Zhang, Daniel R.
Zollinger, Juan Oses-Prieto, Alma L.
Burlingame, Jeff Noebels, Christophe Leterrier,
and Matthew N. Rasband

αii-spectrin is required for the functional organization and
integrity of axons

3

Jennifer L. Johnson, Loredana Stoica,, Ping
Jun Zhu, Abhisek Bhattacharya, Shelly
Buffington, Gary Stinnet, N. Tony Eissa, Robia
Paulter, Mauro Costa-Mattioli

UPF2-dependent inhibition of nonsense-mediated decay
causes behavioral and neurophysiological abnormalities by
activating the immune response

4

Joseph G. Duman, Yen-Kuei Tu, Shalaka
Mulherkar, Christopher P. Tzeng, Vasilis C.
Mavratsas, Kimberley F. Tolias

Developmental dendritic arbor growth arrest in hippocampal
pyramidal neurons is mediated by BAI1/RhoA

5

Amanda M. Brown, Joshua J. White, Tao Lin,
Roy V. Sillitoe

Cerebellar purkinje cell activity can modulate and drive tremor

6

Eugene Chao, Wu Chen, Mingshan Xue

Computational algorithms for detecting seizures and epileptic
spikes in EEG data

7

Qianli Yang, Xaq Pitkow

Essential nonlinear properties in neural decoding

8

Savannah Gosnell, Kenia Velasquez, Kaylah
Curtis, Ramiro Salas

Habenular biomarkers predict treatment response in
depressed psychiatric inpatients

9

Johannes Rennig; Michael S Beauchamp

Comparing bold signals and eye movements as predictors of
multisensory speech perception

10

Teng-Wei Huang, Benjamin Deneen

The role of SOX9 in remyelination after white matter injury

11

Brian Lim, Hamdan Hamdan, Matthew
Rasband

Mical3 is a putative ankyrin-G binding protein and component
of the axon initial segment

12

Alexandra Acevedo-Rodriguez, Mario Oyola,
Robert Handa, Shailaja Mani

Role of oxytocin in estrogen receptor βeta mediated anxiolysis

13

Wu Chen, Hongmei Chen, Zhao-Lin Cai,
Eugene Chao, Shuang Hao, Hsiao-Tuan Chao,
Huda Y. Zoghb, Jianrong Tang, John W. Swann,
Mingshan Xue

A mouse model of STXBP1-related epileptic
encephalopathies
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Chih-hong Lee, John T. Le, John W. Swann

Effects of ACTH on Ictal high frequency oscillations of infantile
spasms
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Daniel Haggerty, Daoyun Ji

LSD-evoked changes in hippocampal CA1 and primary visual
cortex (V1) neuronal activity in rats.
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Zhao-Lin Cai, Mingshan Xue

Synaptic input-specific homeostatic plasticity in the mouse
cortex
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Richard B. Dewell, Fabrizio Gabbiani

Active dendrites broaden membrane bandpass filtering and
decrease temporal synchrony in a looming sensitive neuron
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Paul Fahey, Jacob Reimer, Jenny Sun, Russell
Ray, Andreas Tolias

Targeted knock-in of cre-dependent Twitch2B reporter using
pronuclear and embryonic stem cell approaches

19

Chih-Chun Hsu, Hoon Shim, Ching-Kang
Jason Chen

The interplay, or the lack thereof, of Gbeta5 and GalphaO in
regulating dendritic spine morphology and light responses in
RBCs

20

Caiwei Guo, Yi-Chen Hsieh, Yarong Li, Joshua
M. Shulman

Splicing dysfunction mediates Tau-induced neurodegeneration
in alzheimer’s disease

21

Jay Patel, Alexander Herman, Joshua OrtizGuzman, Kevin Ung, Kathleen Quast, and
Benjamin Arenkiel

Distinct cell populations of the Diagonal Band of Broca
modulate feeding and weight homeostasis

22

Jinxuan Cheng; Sanyong Niu; Xiaolong Jiang;
Karen Firozi; Laura Keehan; Kimberley Tolias

The Rac-GEF Tiam1 regulates synapse development and fear
learning in mice
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Jenny J. Sun, Megan Key, Vena K. Martinez,
Fatima Saldana Morales, Ping Zhu, Russell S.
Ray

Functional characterization of noradrenergic neuron
subpopulations in adult respiratory homeostasis

24

Juyeon Jo, Sonal Gahlawat, Aaron LindekeMyers, Hyun Kyoung Lee

Identification of novel regulators of Daam2 in Glial
development and disease

25

Sara Kee, Xiang Mou, Huda Zoghbi, Daoyun Ji

Hippocampal place cell coding in a mouse model of Rett
syndrome

26

Elizabeth P. Lackey, Tao Lin, A. Basit Khan,
Roy V. Sillitoe

Cerebellar deep brain stimulation in a mouse model of
spinocerebellar ataxia type 1

27

Steven Lien and J. David Dickman

Peripheral vestibular damage and exposure to mild, blastwave trauma

28

Lingjie He, Ryan Ash, Shuang Hao, Yaling Sun,
Jianrong Tang, Huda Y. Zoghbi

In vivo large-scale calcium imaging reveals circuit deficits
underlying fear learning and memory in Rett syndrome mouse
model

29

Lucy Liu, Mirjana Maletić-Savatić and Hugo J.
Bellen

Neuron-glia lactate shuttle and lipid transfer mediated by
APOE/APOD affect lipid droplets and neurodegeneration

30

John F. Magnotti, Michael S. Beauchamp

A causal Inference model explains perception of the McGurk
effect and other incongruent audiovisual speech

31

Silvia Convento, Md. Shoaibur Rahman,
Jeffrey M. Yau

State dependent influences of somatosensory cortex on
audition

32

Matthew McGinley, Kishore Kuchibhotla, Jacob
Reimer, Andreas Tolias, Robert Froemke, David
McCormick, Kip Ludwig, Justin Williams

Closed-loop peripheral nerve stimulation to achieve optimal
auditory learning

33

Vena Martinez, Jenny Sun, Russell Ray

Determining the role of vasopressinergic neurons in pressor
action, respiration and temperature

34

Xiangling Meng, Christopher M. McGraw, Szuying Yeh , Huda Y. Zoghbi

Neurexophilin4 regulates the function of synapses in the
central nervous system

35

Jessica Messier,, Mingshan Xue

The limitations of light-activated chloride channels as neuronal
silencers and potential solutions
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Shalaka Mulherkar, Karen Firozi, Wei Huang,
Mohammad Danish Uddin, Raymond J. Grill,
Mauro Costa-Mattioli, Claudia Robertson,
Kimberley F. Tolias

RhoA/ROCK inhibition reverses synaptic remodeling and
motor and cognitive deficits caused by traumatic brain injury
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Joshua Shulman

Understanding the role of CD2-associated protein (CD2AP) in
Alzheimer’s disease
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Evaluation of activity-dependent transcription elicited by deep
brain stimulation
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Tran, Baouyen, Xu, Mingxuan, Ji, Zhigang,
Cooper, Edward, C.

KCNQ2 variant in the calmodulin binding region destabilizes
channel formation and disrupts PIP2 binding
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Sharon R Stevens and Matthew N Rasband

Ankyrin-R is required for cerebellar Purkinje cell survival
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Andreas Tolias

The role of internal signals in structuring V1 population activity
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Rajkumar V. Raju, Xaq Pitkow

Inferring inference
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Asynchronous suppression of superficial cortex during
absence seizures
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How monkeys catch fireflies: behavioural and neural dynamics
of visual path integration in macaques
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Elizabeth Halfen, Ricky Savjani, Sucharit
Katyal, Ibrahim Akbar, David Ress

Assessing the topography of visual attention and eyemovement maps in human superior colliculus
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Xiang Mou, Daoyun Ji

Synchronization between antirior cingulate cortex and
hippocampus mediates social fear learning

47

Yen-Kuei Tu, Joseph Duman, and Kimberley
Tolias

The cell-adhesion GPCR BAI1 regulates excitatory synapse
development

48

Ping Jun Zhu, Chien-ju Chen, Chih-chun Hsu,
Mauro Costa-Mattioli

Mechanistic target of rapamycin (mTOR) complexes and its
role in mGluR-LTD and related cognitive behaviors

49

Yan Qian, Qin Chen, H. David Shine

Neurotrophin-3 modulates microglial phenotype in the
traumatized CNS
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∆FosB gene targets in an Alzheimer’s disease mouse model:
implications for hippocampal neuronal function
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contributes to neurodegeneration following insult

52

Zhu, Wenyi; Lee, Hyun-Kyoung; Mohila, Carrie;
Deneen, Benjamin

Daam2 promotes glioblastoma tumorigenesis
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Chun-Ting Wu, Daniel Haggerty, Caleb
Kemere, Daoyun Ji

Hippocampal awake replay in fear memory retrieval
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INVESTIGATING REDUCED BAYESIAN PRIOR IN
AUTISTIC SPECTRUM DISORDERS

O-02

Jaclyn Patterson, Dora Angelaki

Meike E. van der Heijden1,2, Huda Y. Zoghbi1,2,3,4
1Department of Neuroscience, Baylor college of Medicine, 2Jan and
Dan Duncan Neurological Research Institute at Texas Children’s
Hospital, 3Department of Human and Molecular Genetics, Baylor
College of Medicine, 4Howard Hughes Medical Institute, Houston, TX

Department of Neuroscience, Baylor College of Medicine, Houston, TX
The study of autism spectrum disorders (ASD) is complicated by the
disorder’s genetic heterogeneity and phenotypic diversity. Recent work
in our lab has attempted to characterize the disorder using a systemslevel approach, developing a phenomenological model of primary visual
cortex (V1) in ASD by altering the strength of divisive normalization, a
canonical computation in the brain (Rosenberg, Patterson & Angelaki,
2015). This work served as a proof-of-principle for a neural computation
approach to ASD. Presently, I am expanding this work by performing
human psychophysics experiments in individuals with and without ASD
to test a prominent hypothesis that Bayesian priors are reduced in ASD.
Subjects performed a task which tests their ability to accurately
reproduce the orientation of a Gabor, a task that is more difficult for
angles that are less commonly seen in the environment. Subjects with
ASD were found to have reduced errors on this task, providing
evidence in favor of the reduced prior hypothesis. This research will
also inform an artificial neural network simulating primary visual cortex
(V1) building on a previous model (Rubin et al., 2015) that incorporates
recent electrophysiological data (Ruff et al. 2016), theoretical work (Wei
& Stocker, 2015). This model will then be used to determine which
parameter changes in the model best predict behavior in individuals
with ASD. This work will contribute not only to the ASD literature, but
will also expand the current efforts to model V1 in a biologically
plausible manner.

O-03

ATOH1-DEPENDENT NEURONS INVOLVED IN
CHEMORESPONSES ARE ESSENTIAL FOR
NEONATAL SURVIVAL

Autonomic control of breath depth and frequency are important to
maintain gas homeostasis upon a wide range of environmental and
physiological changes. Development of the brainstem respiratory
circuitry starts prenatally and continues after birth. Immature breathing
control is a major risk factor for sudden infant death syndrome, but it
remains unclear how incomplete or abnormal development can lead to
respiratory arrest. The transcription factor Atoh1 is essential for
respiratory circuit development and Atoh1-null mice die at birth due to
respiratory failure. Loss of Atoh1 from the medullar retrotrapezoid
nucleus (RTN) results in partial lethality and surviving adult mice show
abnormal respiratory chemoresponses to low O2 and high CO2.
Additionally, we found that pontine Atoh1-dependent parabrachial/
Kölliker Fuse (PB/KF) neurons are essential for normal breathing in
room air, and low O2 or high CO2. The room air breathing phenotypes
are very similar to those observed in premature babies and were
attenuated when mice were treated with clinical doses of caffeine, but
this treatment did not reverse abnormal chemoresponses. Since loss of
specific pontine and medullar Atoh1-dependent neurons resulted in
abnormal chemo-responses, we hypothesized that the combined Atoh1
loss from medullar RTN neurons and pontine PB/KF neurons might
explain the lethality phenotype observed in Atoh1-null mice. Indeed,
double conditional knockout mice do not survive pass birth, indicating
that neural populations involved in chemo-responses are essential for
neonatal survival.

STRAIN-SPECIFIC PHENOTYPES IN THE
MATERNALLY DEFICIENT UBE3A ANGELMAN
SYNDROME MOUSE MODEL

O-05

Heather A. Born1,3, An T. Dao1,3, Anne E. Anderson1,2,3

GRAVITY ENCODING IN MICE HEAD DIRECTION
CELLS

Henry Cham, Jean Laurens, Michael Shinder, Dora Angelaki, J. David
Dickman

1Department

of Pediatrics-Neurology, 2Neuroscience, and Neurology
Baylor College of Medicine, Houston, TX, 3The Cain Foundation
Laboratories and the Jan and Dan Duncan Neurological Research
Institute, Texas Children’s Hospital, Houston, TX
Angelman syndrome (AS) is a genetic neurodevelopmental disorder
with unique behavioral phenotypes and seizures as key features of the
disease. The most common genetic cause of AS is the deletion or
mutation in the maternally imprinted Ube3a gene, encoding ubiquitin
ligase (Ube3a). In this study, we sought to determine the effect of strain
background on the AS behavioral profile, electroencephalography
(EEG) activity, and seizure threshold in a mouse model of AS (Ube3a
maternal deletion). We used AS C57Bl/6J (B6), AS 129Sv/Ev (129),
and AS F1 hybrid mice (B6 x 129) in a battery of behavioral tests. In
parallel, a separate cohort of mice underwent video EEG monitoring
baseline and epileptiform activity as well as induced seizure
threshold. We found strain-dependent differences in behavioral, EEG,
and seizure phenotypes. The AS B6 mice displayed hypoactivity,
impaired motor coordination and learning, deficits in recognition
learning and memory, abnormal marble burying activity, spontaneous
polyspike bursting, and increased delta and theta and decreased
gamma EEG spectral power in the hippocampus. The AS 129 mice
performed poorly on the wire hang and contextual learning and memory
tests and exhibited a lower seizure threshold when induced with 140 dB
sound or the chemoconvulsant kainate. The AS F1 mice showed
hypoactivity, abnormal marble burying, impaired rotarod performance,
and infrequent spontaneous polyspikes. Together, these findings
indicate that mouse genetic background modifies the behavioral, EEG
activity, and seizure threshold Ube3a maternal deletion phenotype.

Department of Neuroscience, Baylor College of Medicine, Houston, TX
Neurons in the anterior thalamus of rodents discharge according to the
animal’s head direction in the enviroment. These so-called head
direction (HD) cells are believed to be a neural compass for the
animal’s spatial navigation circuit. Recent evidence from our lab shows
neuronal encoding of tilt relative to gravity in the anterior thalamus of
macaques. However, whether the gravity encoding neurons are HD or
non-HD cells is unclear and the range of examined orientations in the
primate studies was limited. Here, we categorized anterior thalamic
neurons of c57bl/6 mice (n=10) into HD and non-HD cells by recording
the neural activity of animals while freely exploring an open arena. The
animals were then placed in a head-restraint, three-axis motorized
rotator to characterize the complete gravity tuning of the cells by
measuring the firing rate as a function of head orientation. The majority
of HD cells (18/20, 90%) and non-HD cells (25/40, 63%) exhibited
specific gravity tuning with a maximal firing rate at a preferred
orientation. The distribution of preferred orientations spanned gravity
space, but a majority of orientations were near upright. Our results
indicate that both HD and non-HD cells in the anterior thalamus of mice
encode directional orientation in gravity coordinates, suggesting that
vestibular signals are crucial for a 3D neural compass.
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GENETIC INHIBITION OF mTORC2 RESCUED
NEUROLOGICAL DYSFUNCTION AND BRAIN
GLUCOSE METABOLISM IN PTEN-DEFICIENT
MOUSE MODEL OF ASD
Chien-Ju Chen1,2, Martina Sgritta1,2, Dillon Baete2, Rocco Rucero3,4,
Jeannie Chin1,2, Jeffrey Noebels 2,3, Mauro Costa-Mattioli1,2
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CHARACTERIZATION OF THE HEMODYNAMIC
RESPONSE FUNCTION ACROSS HUMAN
CEREBRAL CORTEX

Amanda Taylor, Jung Hwan Kim, David Ress
Department of Neuroscience, Baylor College of Medicine, Houston, TX.
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and Brain Research Center, 2Deparment of neuroscience,
of Neurology, 4Department of Molecular and Human
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In functional magnetic resonance imaging (fMRI), signals are
characterized by the hemodynamic response function (HRF), a
stereotypical vascular response evoked by brief neural activation. Use
of the HRF to evaluate neurovascular function as a clinical tool is
appealing, but there are two main challenges to such clinical
applications. First, we need a method to evoke the HRF broadly across
the brain, and measure the response specifically in parenchymal gray
matter. We present a short audiovisual stimulus and task to evoke the
HRF across the majority of cerebral cortex. FMRI with 2-mm spatial
resolution was used to focus measurements specifically on the gray
matter. Second, clinical use of the HRF will require a better
understanding of its variability across brain regions and subjects. Mean
amplitudes of the HRFs varied substantially across the cortical surface
and from subject-to-subject. However, after a parcellation and
normalization procedure, the spatial pattern of the HRF amplitudes was
found to be remarkably similar across subjects. The temporal
parameters of the HRF showed less subject-to-subject variability, and
was relatively stable across the cortical surface. These results provide
guidance for linear analysis of fMRI data and provide a means to
quantify neurovascular function across the majority of the brain, with
great potential clinical utility to diagnose and monitor the treatment of
vascular brain pathologies.

Autism Spectrum Disorder (ASD) is one of the most common
neurological disorders worldwide. In addition, ASD patients can also copresent epilepsy. The mechanistic target of rapamycin (mTOR) acts as
a highly conserved signaling “hub” that integrates neuronal activity and
a variety of synaptic inputs. Dysregulation of mTOR signaling cascade
has been associated with neurodevelopmental disorders, including
ASD. More specifically, loss-of function mutations of the phosphatase
and tensin homolog (PTEN), a negative regulator of mTOR signaling,
were associated with syndromic ASD. While in PTEN-deficient
individuals or mouse models, the activity of both mTOR complexes
(mTORC1 and mTORC2) is up-regulated, it is generally believed that
dysregualtion of mTORC1-mediated translational control leads ASD-like
symptoms. However, most of the evidence supporting a role for
mTORC1 in ASD-like behaviors relies heavily on the chronic
pharmacological inhibition of mTOR by rapamcyin, which blocks the
activity of both mTORC1 and mTORC2 complexes in brain. Here we
will focus on our most recent advances in the understanding of the role
of mTOR complexes in the physiological and behavioral abnormalities
associated with neurodevelopmental disorders.

AUTONOMIC DYSFUNCTION AND INCREASED
ARRHYTHMOGENIC POTENTIAL IN MICE
FOLLOWING STATUS EPILEPTICUS
Amber T. Levine1, An T. Dao2, Yi-Chen Lai2, Heather A. Born2, Anne E.
Anderson1,2,3
Departments of 1Neuroscience, 2Pediatrics, 3Molecular Physiology and
Biophysics, Baylor College of Medicine, Houston, TX

COMPARISION OF NEURAL AND
PERCEPTIONAL THRESHOLDS IN MACAQUE
BRAINSTEM.
1
Courtney D. Garcia , Jean Laurens 1, Sheng Liu1, Dora E. Angelaki1
1Department of Neuroscience, Baylor College of Medicine, Houston, TX.
Many sensory systems have been studied extensively in regard to the
process of encoding, or characterizing neural responses to known
stimuli, but very little is known about the process of decoding,
production of a percept on a neural level. The vestibular system
provides an excellent model to probe the origins of perception because
the same basic forms of motion directional selectivity are seen at many
levels of processing, from afferents to cortex. Previous studies of
rotational motion thresholds have a fatal flaw. No simultaneous
comparison in the same animal between behavioral and neural
detection thresholds was performed. Here we set out to determine if
neural choice related activity is exhibited at the level of the brainstem
by utilizing simultaneous recording of rotational motion perception and
neural activity of the vestibular nuclei, VN, and horizontal canal
afferents in rhesus macaques. We measured behavioral and neural
sensitivity to rotational motion and choice-related activity or trial-by-trial
correlations, known as Choice Probabilities, between the animal’s
rotation perception and neural activity. From data collection of 50 VN
neurons and 13 canal afferents, the mean afferent neural threshold was
found to be 5.0°/s while the mean VN neural threshold was 76.3°/s.
Three of the 50 VN cells exhibited significant choice-related activity with
an average neural threshold of 54.7°/s, while the VN cells without
significant choice-related activity had a mean neural threshold of
77.5°/s. The cells exhibiting significant choice-related activity were
determined to have either eye movement input or convergence of
translational motion driven afferents. This data support a hypothesis
that vestibular nuclei cells encoding the most relevant information to the
rotation discrimination task are not exhibiting significant choice-related
activity.
This work was supported by NIDCD DC04260.
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Status epilepticus (SE) is a prevalent disorder, which is associated with
significant morbidity, including the development of epilepsy and
mortality. Studies indicate that lethal cardiac arrhythmias contribute to
death following SE as well as sudden unexpected death in epilepsy
(SUDEP). A range of potentially lethal cardiac arrhythmias are
observed in temporal lobe epilepsy (TLE) and are indicative of
underlying autonomic nervous system (ANS) dysfunction. Studies have
described ANS imbalance during ictal and postictal periods but less is
understood about ANS function during interictal periods. We sought to
understand ANS changes following SE by monitoring cardiac electrical
activity in a chemoconvulsant mouse model of TLE. To simultaneously
investigate alterations in electrocardiography (EKG) and video
synchronized electroencephalographic (vEEG) signals following SE,
mice were implanted with six electrodes and cannula was placed into
the hippocampus for later administration of kainate. Baseline EKG and
vEEG activity were recorded. Recordings showed ictal bradycardia and
post-ictal tachycardia, which had been described in humans. SE
animals exhibited decreased interictal beat-to-beat variability of the QTc
and decreased PR intervals two weeks after SE. Sinus pause with a
junctional escape beat, premature ventricular contractions, and
accelerated ventricular rhythm were observed interictally following SE.
The potentially lethal arrhythmias observed and beat-to-beat variations
in RR, QTc, and PR intervals indicate ANS dysfunction ictally and
interictally. Further research into the mechanisms of ANS dysfunction
following SE may be fruitful in providing greater understanding as well
as treatments to prevent SUDEP.

19

O-13

AUDITORY ADAPTATION IMPROVES TACTILE
FREQUENCY PERCEPTION

THE ROLE OF TAU IN MODULATING HYPEREXCITABILITY ACROSS MULTIPLE MODELS OF
EPILEPSY
Asante Hatcher, Kwanha Yu, Joshua Lalonde, Benjamin Deneen,
Jeffrey Noebels
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Hyper-excitability of neuronal networks underlies the pathophysiology of
epilepsy, and is known to be a component of other neurological
disorders including cancers of the brain. Previous work has shown that
genetic removal of neuronal microtubule organizer and stabilizer tau
can significantly reduce epileptiform activity and lethality across a
number of models of hyper-excitability, including Alzheimer’s Disease
models, the Kcna1 early lethal mouse model of epilepsy, and the Scn1a
mouse model of Dravet syndrome. We recently confirmed a progressive
seizure phenotype in a novel transgenic mouse model of brain tumor
associated epilepsy. The effect of tau loss on hyper-excitability and
lethality in this glioblastoma model is unknown. To answer this
question, we generated glial derived brain tumors on a tau knockout
background using a CRISPR in utero electroporation strategy. Using
chronic video electroencephalography (EEG), we recorded cortical
inter-ictal spike and seizure activity in these tumor mice at various
timepoints in disease progression, monitored survival, and assessed
tumor burden via immunohistochemically methods. tau KO tumor mice
exhibited reduced inter-ictal spike activity and slightly longer survival
margins compared to tau WT tumor-bearing littermates. These data
suggest that tau loss may provide a modest protective effect in this
model of cortical hyper-excitability. To better understand the effect of
adult tau loss in an epileptic background, we have successfully
generated a tamoxifen-inducible tau KO/Kcna1 mouse. Preliminary
results suggest that adult loss of tau in the Kcna1 background results in
gradually reduced epileptiform activity. Further investigation is under
way to confirm these initial findings.

Our ability to process temporal frequency information by touch
underlies our capacity to perceive and discriminate surface textures.
Auditory signals, which also provide extensive temporal frequency
information, can systematically alter the perception of vibrations on the
hand. How auditory signals shape tactile processing is unclear:
perceptual interactions between contemporaneous sounds and
vibrations are consistent with multiple neural mechanisms. Here we
used a crossmodal adaptation paradigm, which separated auditory and
tactile stimulation in time, to test the hypothesis that tactile frequency
perception depends on neural circuits that also process auditory
frequency. We reasoned that auditory adaptation effects would transfer
to touch only if signals from both senses converge on common
representations. We found that auditory adaptation can improve tactile
frequency discrimination thresholds. This occurred only when adaptor
and test frequencies overlapped. In contrast, auditory adaptation did
not influence tactile intensity judgments. Thus, auditory adaptation
enhances touch in a frequency- and feature-specific manner. A simple
network model in which tactile frequency information is decoded from
sensory neurons that are susceptible to auditory adaptation
recapitulates these behavioral results. Our results imply that the neural
circuits supporting tactile frequency perception also process auditory
signals. This finding is consistent with the notion of supramodal
operators performing canonical operations, like temporal frequency
processing, regardless of input modality.
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CHARACTERIZATION OF FEED FORWARD INHIBITION
IN A LOOMING DETECTION CIRCUIT

Hongxia Wang1, Richard B. Dewell1, Markus U. Ehrengruber2 &
Fabrizio Gabbiani1,3
1Department of Neuroscience, Baylor College of Medicine, Houston, TX
2Department of Biology, Kantonsschule Hohe Promenade, Zurich,
Switzerland
3Computational and Applied Mathematics, Rice University, Houston, TX
Looming sensitive visual neurons are found across taxa, with the
best understood being the lobula giant movement detector (LGMD)
in the locust optic lobe. The LGMD receives two types of feed
forward inputs onto its dendrites: excitatory and inhibitory. The first
one encodes the angular velocity of the approaching object, while
the second one is thought to encode its angular size. Current
experimental data are consistent with the LGMD effectively
multiplying these two inputs resulting in a firing rate that increases,
peaks when the object reaches an angular threshold size and then
decays before collision. Despite decades of work, the medullary
neurons providing inhibition have not yet been physiologically
characterized. Hence, our current understanding of feed forward
inhibition is based on anatomy, pharmacology and modeling. I used
multiunit recordings from the medulla paired with intracellular LGMD
recordings during visual stimuli to identify its inhibitory inputs. I
examined their sensitivity to contrast polarity, their directional
selectivity, receptive field size, response profile, and
neurotransmitter. I found substantial differences from their expected
properties. These data thus shed a new light on the computations
required to detect impending collision.
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EPL INTERNEURON ACTIVITY SIGNIFICANTLY
REGULATES ODOR RESPONSE PROFILES IN
THE MOUSE OLFACTORY BULB
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αII-SPECTRIN IS REQUIRED FOR THE
FUNCTIONAL ORGANIZATION AND INTEGRITY
OF AXONS

Yu-Mei Huang1, Chuansheng Zhang1, Daniel R. Zollinger1, Juan
Oses-Prieto2, Alma L. Burlingame2, Jeff Noebels1,3, Christophe
Leterrier4, and Matthew N. Rasband1
1 Department of Neuroscience and 3Department of Neurology, Baylor College of
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4 Aix Marseille Université, CNRS, CRN2M UMR 7286, Marseille, France

Elucidating the neuronal functions within different sensory circuits offer
valuable insight into both basic biology and disease mechanisms.
Recently, studies from our lab and others have revealed a new
GABAergic cell type located in the rodent Olfactory Bulb (OB). We
discovered these cells (EPL interneurons) form strong, reciprocal
synapses onto the principal excitatory neurons within the OB
(Mitral/Tufted cells or M/Ts). Although other larger populations of
inhibitory neurons also form reciprocal connections onto M/Ts, we
previously reported EPL neurons display higher unitary synaptic strength
and connectivity density. Therefore, we sought to elucidate the extent
EPL interneurons play in regulating olfactory processing. To determine
the odor responsivity of EPL interneurons, we performed in vivo, single
unit electrophysiological recordings while sequentially delivering our
comprehensive odor panel. Interestingly, EPL interneurons demonstrate
odor evoked responses of either strongly excitatory or inhibitory nature.
To elucidate the extent to which this robust EPL activity plays in shaping
M/Ts odor response profiles, we stimulated EPL interneurons expressing
Channelrhodopsin-2 while simultaneously presenting our odor panel. We
discovered that increasing EPL activity severely diminished M/Ts firing to
odors. Conversely, selective removal of GABAergic neurotransmission
from EPL interneurons leads to drastically elevated M/Ts odor evoked
responses. Taken together, these data show that EPL GABAergic
neurotransmission is critical for proper downstream odor evoked
neuronal responses.

Spectrins form a submembranous cytoskeleton proposed to
confer strength and flexibility to axons and to participate in ion channel
clustering at axon initial segments (AIS) and nodes of Ranvier.
Spectrin cytoskeletons consist of α and β subunits, with αII spectrin
being the major neuronal α subunit.
Here, using proteomics,
biochemistry, and super-resolution microscopy we show that αII and
βIV spectrin form a periodic cytoskeleton at AIS and nodes of Ranvier.
Mice lacking CNS αII-spectrin have profound neurological phenotypes
including
seizures,
defects
in
cortical
lamination,
and
neurodegeneration. The selective ablation of αII-spectrin in peripheral
sensory neurons impairs nerve conduction and assembly of nodes.
Surprisingly, αII spectrin deficient mice have intact nociception.
However, these same mice show severe ataxia resulting from
proprioception dysfunction caused by the preferential degeneration of
large diameter sensory axons. Our results demonstrate that spectrin
cytoskeletons are required for axon function, domain assembly, and
axon integrity.
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Nonsense-mediated decay (NMD) is an evolutionarily conserved
surveillance mechanism that targets mRNAs undergoing premature
translation termination as well as normal physiological transcripts for
rapid degradation. In humans, mutations in NMD core factors UPF2 and
UPF3B are associated with intellectual disability and autism spectrum
disorder (ASD). However, the neurobiological mechanism by which
deficient NMD leads to neurodevelopmental disorders remains
unknown. Here we report that mice lacking Upf2 in the forebrain show
learning and memory deficits and abnormal long-term potentiation
(LTP) in the hippocampus. Moreover, like patients with mutations in
NMD factors, Upf2 fb-KO mice showed endophenotypes associated
with ASD and neuroanatomical abnormalities including a smaller corpus
callosum. Surprisingly, transcriptomic analysis revealed elevated mRNA
expression of immune-related genes in the hippocampus of Upf2 fb-KO
mice, which was accompanied by inflammation and progressive
infiltration of peripheral immune cells. Notably, treatment with an FDAapproved
immunosuppressant,
cyclophosphamide,
significantly
reduces brain inflammation, improves the neuroanatomical defects and
the deficits in long-lasting LTP and long-term memory, and reverses
some of the ASD-like behaviors, notably the social deficits. Collectively,
our results reveal the pathological basis for neurodevelopmental
dysfunction associated with impaired NMD.
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Dendritic arbor morphology determines circuit connectivity and the
integration of dendritic inputs. The molecular processes that stipulate
the myriad of dendritic arbors observed in the brain, particularly the
mechanisms involved in dendritic growth arrest, remain poorly
understood. Here, we show that loss of the adhesion-GPCR brainspecific angiogenesis inhibitor 1 (BAI1) from hippocampal pyramidal
neurons leads to overgrowth of dendrites in culture and in vivo. BAI1mediated restriction occurs late in development. The small GTPase
RhoA is widely accepted as an inhibitor of dendritic growth, yet very
little is known about spatiotemporal dynamics of RhoA activation in
neuronal development or the signaling pathways up- and downstream
of dendritic RhoA.
We demonstrate that dendritic RhoA activation
increases at the time of growth arrest, that RhoA activation strongly
correlates with and is necessary for dendritic retraction, and that BAI1 is
required for proper RhoA activation and arbor growth arrest.
Furthermore, the RhoA-dependent kinase ROCK mediates the effects
of BAI1 on dendrites. Molecular replacement studies indicate that BAI1
does not mediate RhoA-dependent dendritic arbor growth arrest
through any of the four intracellular signaling domains/motifs previously
reported, but it does require BAI1’s extracellular region, which contains
multiple ligand-binding domains. This study is the most detailed
description of dendritic RhoA dynamics to date and points to a
heretofore unknown pathway regulating dendritic growth arrest
essential for neuronal development.

P-03

P-04

21

P-05

P-06

CEREBELLAR PURKINJE CELL ACTIVITY CAN
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Epilepsy is characterized by unprovoked recurrent seizures.
Electroencephalography (EEG) is used to diagnose epilepsy, as it can
locate the area and determine the severity of abnormal brain activities.
Traditionally, seizures have been identified from EEG traces through
visual inspection, which can be tedious and can potentially delay
treatment. Our goal is to develop algorithms that automatically detect
seizures and epileptic spikes. We investigated and implemented
features known to be effective at detecting changes in EEG signals. We
developed a graphical user interface (GUI), in MATLAB, to integrate
these features and provide a user-friendly platform to visualize and
analyze EEG data. The GUI was able to detect abnormalities from
background and noise. However, when we applied the GUI to long-term
EEG data of an epileptic mouse model, we found that the existing
features were insufficient at distinguishing signals of slow wave sleep
and animal drinking from those of seizures and epileptic spikes,
resulting in many false positives. To reduce the number of false
positives, we built a feed-forward neural network that learned the subtle
differences between epileptic spikes and false positives that could not
be captured by the existing features. Our network resulted in an
epileptic spike identification of up to 85% from false positives.
Therefore, the GUI combined with the neural network can be a powerful
tool that allows us to investigate and quantify abnormal changes in the
EEG signal. In the future, we plan to extend the network to improve
seizure identification.

Tremor is uncontrolled muscle oscillations that can arise as an
independent disease or as a co-morbid condition with other
neurological disorders. Current evidence suggests that the cerebellum
may play a key role in the generation of tremor, however it is not known
what cerebellar cell types are responsible or how normal cerebellar
activity is transformed into a tremorgenic signal. To address these
problems, we first used a conditional genetic approach to remove the
vesicular GABA transporter (VGAT) from Purkinje cells, resulting in
“silenced” Purkinje cells that cannot communicate with their
downstream partners, the cerebellar nuclei. Contrary to theories that
suggest Purkinje cell loss results in tremor, we found that a lack of
Purkinje cell signaling does not cause tremor. Not only was there no
tremor, but baseline physiological tremor was reduced when Purkinje
cell neurotransmission was eliminated. Additionally, silencing Purkinje
cell output was sufficient to block drug-induced tremorgenic oscillations
that come from the inferior olive after harmaline administration. Based
on in vivo electrophysiology recordings of our conditional knockout and
harmaline results, we determined that a bursting pattern of cerebellar
nuclei activity may be essential for tremor generation. These data
raised the intriguing possibility that optogenetically stimulating Purkinje
cells could be used to force the cerebellar nuclei neurons into bursting
patterns that cause tremor. We found that indeed driving Purkinje cells
with a 10Hz pulse triggers cerebellar nuclei misfiring and severe tremor.
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To decode task-relevant information from sensory observations, the
brain must eliminate nuisance variables that affect those observations.
For natural tasks, this generally requires nonlinear computation. Here we
contribute new concepts to characterize behaviorally relevant nonlinear
computation downstream of recorded neurons. Linear decoding weights
can be inferred from correlations between neurons and behavior.
However, these weights do not adequately describe the neural code
when, due to nuisance variation, mean neural responses are poorly
tuned to the task while higher-order statistics of neural responses are
well tuned. The task-relevant stimulus information can then be extracted
only by nonlinear operations. We generalize past weight-inference
methods to determine the brain's nonlinear neural computations from
joint higher-order statistics of neural activity and behavioral choices in
perceptual tasks. This method is based on a new statistical measure we
call nonlinear choice correlation, defined as the correlation coefficient
between behavioral choices and nonlinear functions of measured neural
responses. Importantly, the exact neural transformations may not be
uniquely identifiable, since many neural nonlinearities can generate the
same behavioral output. This is expected when sensory signals are
expanded into a larger cortical response space, creating a redundant
code. We exploit this redundancy to define a new concept of
equivalence classes for neural transformations. We then demonstrate
how to quantify essential properties of these equivalence classes, and
provide simulations that show how these properties can be extracted
using neural data from behaving animals. Finally, we explain the
functional importance of these nonlinearities in specific perceptual tasks.

The patient health questionnaire 9 (PHQ-9) is a depression
questionnaire commonly used in clinical practice. This scale (none: 0-4;
mild: 5-9; moderate: 10-14; moderately severe: 15-19; severe: 20-27)
predicts major depressive disorder with high sensitivity (88%) and
specificity (88%). The goal of this study is to identify biomarkers to
predict response to treatment in depressed inpatients across
diagnoses. Patients (N=312) were admitted at the Menninger Clinic and
considered responsive to treatment if PHQ-9 at discharge was lower
than 15. Several studies have implicated alterations of the habenula in
depression via its connections with basal ganglia and effect on multiple
neurotransmitter systems (dopamine, serotonin, norepinephrine). We
studied resting state functional connectivity (RSFC) between the
habenula and the locus coeruleus, raphe nuclei, and striatum, as well
as white matter tractography of the stria medularis (habenular afferents)
using diffusion tensor imaging. We also assessed the relationship
between depression and a genetic variant of the alpha-5 nicotinic
acetylcholine receptor expressed in the habenula. This variant is
associated with increased risk of addiction, which is highly comorbid
with major depression. Neuroimaging parameters and the genetic
variant were associated with PHQ-9 scores at the end of treatment
across psychiatric diagnosis (p=0.008). Consequently, we built a model
to predict treatment response based on the PHQ-9 given at discharge
(AUC: 0.812; CA: 0.891). This data shows potential biomarkers to
create a way to identify those patients least likely to respond to
treatment and who therefore require an altered treatment plan.
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COMPARING BOLD SIGNALS AND EYE
MOVEMENTS AS PREDICTORS OF
MULTISENSORY SPEECH PERCEPTION
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A powerful demonstration of the multisensory nature of speech is the
illusion discovered by McGurk & MacDonald (1976) in which the
combination of incongruent auditory and visual syllables results in the
percept of a different syllable (e.g. auditory “ba” + visual “ga” results in
“da”). Some low-susceptibility individuals rarely experience the illusion
while other high-susceptibility individuals frequently do (Mallick et al.,
2015). Two factors may be important in determining McGurk
susceptibility. First, fMRI studies have shown a correlation between
McGurk susceptibility and brain responses in the superior temporal
sulcus (STS) (Nath & Beauchamp, 2012). Second, studies of eye
movement behavior have shown that individuals who fixate the mouth of
the talker are more susceptible to the McGurk effect (Gurler et al., 2015).
In the present study, we investigated which variable – neuronal
responses or eye movements – better predicts McGurk perception.
There were large differences in McGurk susceptibility, ranging from 0 to
100%. There were also large differences in eye movement behavior with
some subjects fixating the mouth only rarely while others fixated it
frequently. There was substantial variability in the amplitude of the
BOLD fMRI response to McGurk stimuli in the STS. To examine the
relationship between these three variables, subjects were divided into a
high-susceptibility group and a low-susceptibility group. Examining the
eye movement behavior, subjects in the high-susceptibility group spent
more time observing the mouth than subjects in the low-susceptibility
group (p = 0.013). Examining BOLD responses, there was no difference
between groups. The current results suggest that eye movements are
more closely tied to McGurk perception than STS activity.

In patients suffering from Multiple Sclerosis (MS), attack from inﬁltrated
inflammatory cells damages myelin and axons. Reactive astrocytes
differentially contribute to these injury responses: They are essential for
remyelination during acute phases but contribute to disease
pathogenesis during chronic phase. While the general contributions of
reactive astrocytes during different phases of white matter injury (WMI)
are defined, the underlying molecular mechanisms that oversee their
production remain enigmatic. Many key features of astrocyte
development are recapitulated during their activation after injury,
including GFAP-induction and proliferation. Therefore, understanding
how developmental mechanisms are re-utilized during astrocyte
activation after WMI may provide new insights into the role of reactive
astrocytes in MS.
The HMG-box family member Sox9 is a transcription factor, which plays
a critical role in glial development and astrocyte differentiation. Our
preliminary results indicate that Sox9 is highly expressed in reactive
astrocytes in human MS lesions, and it is required for the production of
reactive astrocytes and remyelination after WMI. Moreover, our finding
suggests that Sox9 mediates astrocyte activation through direct
regulation of beta-1,4-galactosyltransferase 6 (B4GALT6), a key
mediator for central nervous system inflammation. Our ongoing
experiments will delineate the role of Sox9 in remyelination after WMI.
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MICAL3 IS A PUTATIVE ANKYRIN-G BINDING
PROTEIN AND COMPONENT OF THE AXON
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Anxiety and mood disorders affect 20% of the population. These
disorders are frequently associated with dysregulation of the
hypothalamic-pituitary-adrenal (HPA) axis which is activated in
response to stressors. The sex steroids modulate HPA axis activity and
may contribute to higher prevalence of these disorders in females. In
particular, estrogen receptor β (ERβ) activity has been found to confer
anxiolytic effects and reduce HPA axis reactivity. This receptor is
expressed in the paraventricular nucleus (PVN) of the hypothalamus
which is a key component of the HPA axis. Within the PVN, ERβ is
highly expressed in oxytocin (OT) neurons, and in vitro studies find that
ERβ interacts with the OT promoter to regulate OT transcription. OT is
being researched as a potential therapeutic for numerous psychiatric
disorders, and peripheral OT administration has been found to
decrease HPA axis activity and anxiety related behaviors. ERβ’s
expression on OT neurons and ERβ and OT’s shared anxiolytic
behavior, suggests that ERβ’s anxiolytic effect may be modulated via
OT signaling. Central OT receptor blockade prevented ERβ’s anxiolytic
effect in rats suggesting that ERβ decreases anxiety related behaviors
and HPA axis reactivity by modulating the OT system. Our studies will
confirm and expand the hypothesis that ERβ’s anxiolytic effect is
mediated by OT in mice. This will involve: (1) determining if OT
mediates ERβ’s anxiolytic effect in mice, (2) determining where OT
signaling is needed for ERβ mediated anxiolysis, and (3) determining if
ERβ binds to the OT promoter in vivo.

Department of Neuroscience, Baylor College of Medicine, Houston, TX
The axon initial segment (AIS) initiates action potentials and maintains
neuronal polarity, and its disruption is prominently associated with
nervous system diseases and injuries. The AIS is defined by clustering
of ankyrin-G (AnkG), neurofascin-186 (NF186), and βIV-spectrin, as
well as voltage-gated ion channels; however, based on recent evidence
and the molecular complexity of the AIS, these known proteins likely
represent only a subset of the ‘toolkit’ necessary to assemble and
maintain an AIS. We conducted an unbiased, biotinylation-based mass
spectrometry screen to identify novel AIS proteins in a high-throughput
fashion. Here, we demonstrate the utility of this approach and show that
microtubule associated monooxygenase, calponin and LIM domain
containing 3 (Mical3), a candidate protein highly enriched in our screen,
may be a potential component of the AIS cytoskeleton. Mical3 is large
cytosolic protein that possesses several domains known to regulate
cytoskeletal dynamics, and previous studies have examined its role in
axon guidance and vesicular trafficking. While not specifically localized
to a particular neuronal subdomain, we found that Mical3 is retained at
the AIS following detergent extraction, indicating that it may interface
with elements of the detergent-insoluble AnkG-based submembranous
cytoskeleton. Furthermore, Mical3 co-immunoprecipitates with AnkG,
and shRNA-mediated knockdown of Mical3 disrupts AIS formation in
cultured hippocampal neurons. Our data suggest that Mical3 may
interact with the AIS ‘master organizer’ AnkG to regulate AIS assembly.
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Early infantile epileptic encephalopathies (EIEEs) are a group of
devastating pediatric neurological disorders, manifesting with
aggressive seizures and significant neurological comorbidities, such as
sensory, motor, cognitive, and psychiatric deficits. The treatment
options for these catastrophic pediatric epilepsies are very limited, as
the current antiepileptic drugs are often ineffective. This is mainly
because few valid animal models of EIEEs are available and the
underlying pathogeneses remain elusive, which hinders the
development of new therapeutic interventions. Heterozygous mutations
in the gene encoding syntaxin binding protein 1 (STXBP1) are one of
most frequent genetic causes of EIEEs. Thus, our goal is to develop a
mouse model for investigating the pathogeneses of STXBP1-related
epileptic encephalopathies. To model STXBP1-related EIEEs in mice,
we generated Stxbp1 haploinsufficient mice. We performed continuous
video-EEG recording to measure brain activities and a battery of
behavioral tests to examine neurological functions. Our results showed
that Stxbp1 haploinsufficient mice exhibited key neurological
phenotypes of human patients including cortical hyperactivity, different
types of seizures, abnormal hindlimb clasping, dystonia, enhanced
anxiety, motor deficits, impaired cognitive functions and aggressive
social activities. Therefore, Stxbp1 haploinsufficient mice are valid
model of STXBP1-related EIEEs, allowing us to investigate the
underlying mechanisms and develop therapeutic strategies.
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Infantile spasms is an encephalopathic epilepsy. Currently the first-line
treatment is adrenocorticotropic hormone (ACTH), but its underlying
mechanism is still unknown. Pathological high frequency oscillations
(pHFOs) have been shown to play an important role in the initiation of
seizures. This study looks at the effects of ACTH on pHFOs of seizure
events in infantile spasms. We analyzed EEG recordings from 7 rats with
epileptic spasms that were induced by intracortical infusion of
tetrodotoxin, an ACTH treatment group (n = 4) and a control group (n =
3). For pHFOs, ACTH reduced the power of that band, while in controls
the power increased over time as pathology progressed. For
physiological HFOs, ripple power decreased in both groups over time,
but the power was significantly higher during treatment in the ACTH
group compared to the controls. The second analysis was the detrended
fluctuation analysis (DFA). For pHFOs, DFA exponent, α, decreased
during treatment in both groups, but α was significantly lower in ACTHtreated animals than in controls. For physiological HFOs, α decreased
only in the control group over time. In conclusion, it is suggested that
ACTH decreases the power and intrinsic temporal correlation of the
pHFOs. For the physiological HFOs, as spasms progress, the power and
temporal correlation decrease, but ACTH appears to rescue the reduced
power and the disrupted temporal correlation of these physiological
oscillations.
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LSD-EVOKED CHANGES IN HIPPOCAMPAL
CA1 AND PRIMARY VISUAL CORTEX (V1)
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Homeostatic synaptic plasticity is fundamental for the cerebrate cortex
to counteract perturbations and maintain stable functions. In neural
networks, both excitatory and inhibitory synapses are subject to
homeostatic regulation, and as a consequence, the relationship
between synaptic excitation and inhibition is altered in response to
perturbations of neuronal activity. Perturbing activity in vitro can be
precise, but this approach cannot study specific afferents from distinct
cell types. In contrast, perturbing activity in vivo typically involves
sensory deprivation, which may induce multiple forms of synaptic
plasticity including Hebbian and homeostatic plasticity. Therefore, it is
still unclear how homeostatic synaptic plasticity manifests at different
synapses of individual cortical neurons in vivo. To address this
question, we overexpressed an inwardly rectifying potassium channel
(Kir2.1) to reduce the excitability of a subset of layer 2/3 pyramidal
neurons in vivo. We expressed Channelrhodopsin-2 (ChR2) or redactivatable ChR (ReaChR) in different cell types for selective
photostimulation of specific synaptic inputs. Our results showed that the
reduction of neuronal excitability cell-autonomously induced
homeostatic changes at synapses originating from specific cell types.
The excitatory inputs from infragranular layers were increased in Kir2.1expressing neurons, while those from layer 2/3, layer 4 and thalamus
did not change. Furthermore, the inhibitory inputs from Pv- and Htr3abut not Sst-positive interneurons were decreased. These findings
indicate that homeostatic synaptic plasticity manifests in an inputspecific manner during development. Further experiments will identify
the underlying mechanism and the impact of this homeostatic synaptic
plasticity on the functional response properties of cortical neurons.

Lysergic acid diethylamide (LSD) evokes strong psychological effects in
humans such as hallucinations which may be defined as a uncoupling of
subjective responses to external stimuli. Such a definition hints at a lack
of attention to external stimuli. The primary visual cortex (V1) is involved
in the processing of visual information. Furthermore, visual information is
utilized in the formation of memories in hippocampus. Hippocampal CA1
cells display patterns of activation called “place fields” which are
theorized to encode a memory of the visual stimuli associated with that
particular place. The reactivation of such hippocampal cells may also be
involved in memory retrieval. Given the proposed interaction of CA1 and
V1 during normal sensory experiences, a disruption in the functioning in
one or both brain areas may underpin the emergence of hallucinations.
To address this proposition, we recorded neuronal activity in V1 and
hippocampal CA1 of rats performing a running task for a food reward in
a familiar maze and room. We also recorded the rats performing the
same task after a subcutaneous injection of LSD which is known to
evoke characteristic “head-twitches” in rodents. Following LSD
administration the rats running performance was decreased and headtwitches became prevalent. In addition, large-amplitude high-voltage
spike waves were observed in the V1 EEG concurrent with highly
synchronized V1 neuronal activity. In the periods immediately prior to
head-twitches CA1, but not V1, neurons displayed unusual increased
activity. We conclude that hallucinations may occur due to brain state
change in V1 and the aberrant firing of hippocampal CA1 neurons.
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ACTIVE DENDRITES BROADEN MEMBRANE
BANDPASS FILTERING AND DECREASE
TEMPORAL SYNCHRONY IN A LOOMING
SENSITIVE NEURON
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Integration and filtering of synaptic inputs is critical for neural
computations. A well-studied looming sensitive neuron in the locust that
integrates ~15,000 retinotopically organized excitatory inputs has long
served as a model for understanding the neural computations underlying
collision avoidance behaviors. This neuron, the lobula giant movement
detector (LGMD) is precisely tuned for the retinal patterns generated by
an object approaching on a collision course. Active dendritic channels
increase the neuronal and behavioral specificity through discrimination
of spatiotemporal synaptic patterns. The LGMD contains prominent h
and M currents, both of which can produce membrane resonance and
bandpass filtering in neurons. Additionally, Ih has also been shown to
increase the temporal synchrony of inputs within some cortical neurons
by reducing the phase lag of signals as they propagate from distal
dendrites toward the site of spike initiation. We found that in the LGMD,
however, that these currents combine to make the membrane less
resonant and more broadband. Ih also increased the phase lag of
dendritic signals propagating to the spike initiation zone, which could
increase the ability of the LGMD to discriminate between spatiotemporal
patterns of synaptic inputs. As the spatiotemporal pattern of synaptic
inputs into the LGMD is important both for the computations carried out
within the neuron and the animal’s escape behavior, this neuron
represents an attractive model to investigate the influence of active
conductances on the resonance and filtering of synaptic inputs.
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TARGETED KNOCK-IN OF CRE-DEPENDENT
TWITCH2B REPORTER USING PRONUCLEAR
AND EMBRYONIC STEM CELL APPROACHES

Advances in multiphoton and wide field optical imaging have created
new opportunities to record from neural populations of unprecedented
width and depth. As genetically encoded calcium indicators (GECIs)
improve, novel transgenic mouse lines will allow experimenters to
surpass the spatial limitations and invasive damage inherent to viral
and dye injections. Additionally, pairing GECIs with fluorescent somatic
or nuclear markers facilitates automatic detection and alignment for
large scale imaging projects. In order to maximize both of these
aspects, we sought to develop a targeted knock-in mouse for Credependent expression of Twitch2B, a recently developed calcium
indicator that uses Förster resonance energy transfer (FRET) to
measure neuronal activity by the relative intensity of persistent blue and
yellow channels (Thestrup et al., 2014). To develop this mouse, we
utilized recent advances in Cas9/sgRNA targeting systems to achieve
Rosa26 locus homologous recombination using both pronuclear
injection and mouse embryonic stem cell (mESC) electroporation
approaches, in cooperation with the BCM Mouse Embryonic Stem Cell
and Genetically Engineered Mouse cores. We found that pronuclear
injection approach produced founders with very low frequency, but in
this case also resulted in transgene transmission to the F1 generation 3
months sooner than the mESC approach. Using in vivo 2-photon
imaging, we successfully recorded calcium transients reflecting
spontaneous and visual stimulus evoked neural activity, allowing
characterization of neuronal visual response properties.

THE INTERPLAY, OR THE LACK THEREOF, OF
GBETA5 AND GALPHAO IN REGULATING
DENDRITIC SPINE MORPHOLOGY AND LIGHT
RESPONSES IN RBCS.
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SPLICING DYSFUNCTION MEDIATES TAUINDUCED NEURODEGENERATION IN
ALZHEIMER’S DISEASE
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We previously showed Gβ5 is required for both normal morphology of
bipolar cells and ERG responses. However, the mechanism by which
Gβ5 regulates these process is still unknown. Gβ5 is well known to
stabilize RGS7/11 complex, the GTPase-activating protein complex
which hydrolyses GTP in activated GαO. Our purpose here is to
examine whether GαO is involved in normal morphological
development of RBCs and furthermore, whether prolong-activated
GαO recapitulates deficiency found in Gβ5 KO retina. Our results
showing that dendritic spine number is significantly reduced in Gβ5
KO and prolong activated GoG184S/f RBCs while GαOKO shows
less decreasing in spine number. Number of synaptic connection
within 1um decreases in both Gβ5 KO and GoG184S/f RBCs
(p<0.05). There is no b-wave response in Gβ5 KO, GαO KO and
GoG184S/f under scotopic condition. However, there is a recovered
small b-wave response when the inter-stimulus interval increased
from 1.7s to 15s in GoG184S/f but not the other KO animals (n>3
animals for each genotypes). Puff response amplitude decreased
significantly in GoG184S/f RBCs while the response totally disrupted
in Gβ5KO and GαOKO. These results indicate that GαO regulates
both morphology and light signal transduction in RBCs. Prolong
activating GαO phenocopies Gβ5 KO in certain level, however the
unique small b-wave recovery implies that there may be another GαO
mediated mechanism which also regulates light response in bipolar
cells.

Alzheimer’s disease (AD), characterized by amyloid plaques and
neurofibrillary tangles (NFTs), is the most common neurodegenerative
disease. The component of NFTs, Tau protein, is proved as a key
mediator of AD pathogenesis, but the molecular mechanism of Tauinduced neurodegeneration is not completely understood. Recently,
splicing dysregulation is implicated in AD by a proteomic study which
identified abnormal enrichment of core splicing proteins together with
Tau in the insoluble fraction of human AD brains followed by an RNA
sequencing (RNA-seq) study which revealed consequent splicing
impairment in AD transcriptomes. Based on the preliminary data in
human brains, we will test a cutting-edge hypothesis using Drosophila
Tau models that the disruption of the spliceosome caused by Tau leads
to splicing dysfunction, which ultimately gives rise to neurodegeneration
in AD. By performing RNA-seq, we found significantly more reads
mapped to intronic regions in aged Tau flies, which is possibly the result
of insufficient splicing throughout the transcriptome, since up to 3000
genes are affected by intron retention in Tau flies. Moreover, genes
with higher intron numbers are more susceptible to splicing dysfunction
induced by Tau. Genetic interaction analysis identified multiple core
splicing components in U1 snRNP that potentially mediate Tau-induced
neurotoxicity. To sum up, this study proposes a novel model in which
splicing dysfunction exerts a causal effect in Tau-induced
neurodegeneration in AD, which provides insight for the discovery of
novel therapeutic strategies or diagnostic biomarkers of AD.
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DISTINCT CELL POPULATIONS OF THE
DIAGONAL BAND OF BROCA MODULATE
FEEDING AND WEIGHT HOMEOSTASIS
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THE RAC-GEF TIAM1 REGULATES SYNAPSE
DEVELOPMENT AND FEAR LEARNING IN MICE
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Neurons communicate with one another through specialized sites of
contact called synapses. Most excitatory synapses are located in
dendritic spines. Synapses are plastic and can strengthen or weaken in
response to neuronal activity, which is thought to be important for
learning and memory. The Rho family small GTPase Rac1 is a key
regulator of nervous system development. Previously, our lab identified
the Rac-GEF Tiam1, a Rac activator, as a critical regulator of synapse
development in cultured neuron. In humans, altered Tiam1 expression
is linked with depression and Down’s syndrome. Furthermore, Rac1,
the target of Tiam1, is dysregulated in cognitive disorders, and
downregulated in patients with depression and mice subjected to
chronic stress. However, nothing is known about the role of Tiam1 in
vivo. Therefore, we generated Tiam1 knockout (KO) mice. Loss of
Tiam1 results in mice with reduced spine density, simplified dendritic
arbors and fewer functional synaptic transmission in the dentate gyrus.
These results suggest that Tiam1 is required for dendritic and synaptic
development in vivo. Mice lacking Tiam1 also exhibit hypoactivity,
decreased sensory-motor gating, as well as enhanced fear learning and
decreased depressive behavior. Tiam1 KO mice also display increased
level of NR2A and NR2B subunits from NMDA receptors, which may
result in increased synaptic plasticity in the mice, since NMDA receptors
play crucial roles in learning and memory related synaptic plasticity.

Feeding is a basic homeostatic function that is central for all living
organisms, and a variety of hypothalamic cell-types and circuits have
been previously studied for their roles on feeding behavior. Recently,
our lab discovered that a cholinergic node of the basal forebrain, the
Diagonal Band of Broca (DBB), acts as an extra-hypothalamic brain
region to modulate feeding by suppressing appetite. Interestingly, we
found that cholinergic neurons within the DBB send dense long range
projections to the median eminence of the hypothalamus, and that
altering the tone of these neurons mediates select hypothalamicpituitary axis hormones. Additionally, we discovered that feeding
increases the activity of multiple cell types within the DBB, including
glutamatergic neurons. Increasing the activity of glutamatergic neurons
of the DBB leads to a rapid reduction in both body weight and food
intake that ultimately results in lethality. These findings further suggest
that activity of non-cholinergic neurons within the DBB also heavily
influence appetite suppression.
We are currently investigating
environmental cues that activate neurons in the DBB and present
preliminary data utilizing in vivo microendoscopy in freely behaving
animals that show selective olfactory responses. Overall, this work aims
to advance knowledge of novel feeding centers in the brain, and to
elucidate the cues that activate or inhibit cell populations in these
feeding centers.
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Central respiratory dysfunction is a symptom of a wide range of
diseases and breathing pathologies are present in a variety of
neurodegenerative disorders. However, the underlying causes of
respiratory deficits remain largely unknown and few effective therapies
exist due to the complex, redundant, and difficult-to-access network of
brainstem circuits involved in respiratory homeostasis. Central
noradrenergic (NA) neurons are hypothesized to participate in this
network, and NA dysfunction has been implicated in life-threatening
developmental disorders such as Congenital Central Hypoventilation
Syndrome, Rett Syndrome, and Sudden Infant Death Syndrome. Here,
we have identified multiple developmentally and molecularly defined NA
subpopulations in adult mice that play a role in respiratory homeostasis.
In one example, our data show that acute pharmacogenetic inhibition of
NA neurons derived from embryonic rhombomeres 3&5 (transient geneexpression domains in the developing hindbrain) in adult mice leads to a
significantly reduced hypercapnic (high CO2) ventilatory reflex;
conversely, acute pharmacogenetic excitation leads to a significantly
enhanced reflex. As disorders such as Rett Syndrome and obesity
hypoventilation syndrome show a reduced hypercapnic reflex
contributing to compromised physiological function, targeting of this
genetically-defined NA subpopulation may offer a pathway to address
such respiratory deficits. Along with our other putatively identified NA
subpopulations that may play a role under baseline and hypoxic (low
O2) conditions, these data set the stage for future molecular profiling
experiments and small molecule screens toward potential therapeutics
and diagnostics.
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Wnt signaling is an essential pathway associated with CNS
development across species and a variety of human diseases.
Signalosome formation plays a crucial role in the maintenance and
amplification of Wnt signals. However, the mechanisms controlling
signalosome formation and its contribution to pattern formation during
CNS development remain poorly defined. Previously, we discovered
that Daam2 modulates the level of Wnt signaling in the developing CNS
by promoting a formation of Wnt receptor signalosomes. Given the key
role Daam2 plays in the formation of the Wnt receptor signalosome,
delineating the underlying mechanism will provide a platform to
understand how Wnt signaling is integrated and maintained for proper
function of the CNS. To better understand how Wnt signalosome
formation influences CNS development and homeostasis, we plan to
identify novel Daam2-interacting proteins using proteomic approaches.
Recently we identified and validated several Daam2-interacting
candidate genes including Specc1, Slc4a4, GSN, and Clu. Given their
link to Daam2, we will examine the role of these candidate genes using
gain and loss of function studies in developing chick and mouse spinal
cords and ultimately expand these studies to include Wnt-related
neurological disorders.
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MOUSE MODEL OF RETT SYNDROME
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Rett Syndrome is a neurological disorder affecting primarily girls,
characterized by pervasive learning disability, along with motor and
autonomic dysfunction. It is caused by mutations resulting in loss of
function of the X-linked gene MECP2, which normally encodes a
transcription regulator that binds to methylated CpGs. The Mecp2+/mouse model (RTT) recapitulates most of the Rett patient phenotypes,
including learning and memory deficits. While the behavioral and
cellular deficits of the RTT mice have been extensively studied, it is still
unknown how these mutations affect neural circuits to produce learning
and memory deficits. To probe this, we recorded from hippocampal
(HP) place cells in vivo, which have been shown to encode spatial
memories. We found that when RTT mice experience a novel
environment, their place cells have normal spatial tuning, but in a
familiar environment, they are less spatially tuned than WT place cells.
Recordings of HP place cells from control mice show an increase in
correlation between place cell pairs which were active during the track
run session from the pre-run rest to the post-run rest, which suggests
that there is an increase in cell strength for those cells which were
active on the track. RTT place cells are hyper-synchronized during prerun rest, so the cell pairs do not increase their correlation much in postrun rest. We suggest that this phenomena results in a failure of replay,
thus impairing long term memory consolidation and leading to imprecise
spatial memory codes in RTT. These findings provide a neural circuit
mechanism for the learning and memory deficits in Rett Syndrome.
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Spinocerebellar ataxia type 1 (SCA1) is a fatal neurodegenerative
disease caused by a dominantly inherited polyglutamine triplet repeat
expansion. Patients experience progressive motor deficits and
eventually severe immobility primarily due to degeneration of Purkinje
cells in the cerebellum, a brain region best known for its role in motor
coordination and motor learning. There is no known effective treatment
or cure for SCA1. The goal of this study is to test whether we can target
electrical stimulation for therapy in SCA1. Deep brain stimulation (DBS)
is a surgical intervention that uses high-frequency pulses to functionally
correct neural circuits, but there are currently no anatomical targets for
DBS in SCA1. Using a SCA1 mouse model (SCA1154Q/2Q), we found
that a surviving subset of Purkinje cells respects the boundaries of a
well-known topographical map that is defined by its anatomical
connectivity, cellular function, and behavioral relevance. With this map
as a guide, we developed a DBS approach directed to a downstream
target nucleus of these residual Purkinje cell connections, the
interposed nucleus, a region involved in coordinating ongoing
movement of the distal limbs. We found that our DBS therapy improved
the motor performance of SCA1154Q/2Q mice on an accelerating rotarod
at 15 weeks over a three-day period. Future experiments will define the
electrophysiological properties of surviving Purkinje cells and determine
how DBS normalizes their output.

IN VIVO LARGE-SCALE CALCIUM IMAGING
REVEALS CIRCUIT DEFICITS UNDERLYING
FEAR LEARNING AND MEMORY IN RETT
SYNDROME MOUSE MODEL
Lingjie He1,2,4, Ryan Ash3, Shuang Hao1, Yaling Sun1,4, Jianrong Tang1,
Huda Y. Zoghbi1,2,3,4
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The increased use of close range explosives has led to a higher
incidence of exposure to blast-related head trauma. With significant
morbidity and mortality. Active service members who have experienced
blast waves report high rates of vestibular dysfunction, such as vertigo,
oscillopsia, and dizziness. Accumulating evidence suggests that
exposure to blast wave trauma produces damage to both the peripheral
and central vestibular system; similar to previous findings that blastresults in damage to auditory receptors. Mice were exposed to a 63 kPa
peak blast-wave over pressure and tested for vestibular dysfunction. We
also examined the tympanic membrane of each mouse for any signs of
perforation. Afterwards, we examined the vestibular receptors, central
nuclei, vestibulo-ocular reflex (VOR) behavior, in dark and light, and
optokinetic reflex (OKR) in mice after exposure to mild, blast wave
trauma. To date, we have observed perforations to the tympanic
membrane, and a reduction in dark, horizontal VOR gains and
alterations of phase at later time points in the animals exposed to a
blast-wave over pressure. The mice had reduced light, horizontal VOR
gains; however, the phase of the eye movements showed no significant
alterations. We observed loss of stereocillia bundles 1 month in the
cristae and otolith organs 1 month after blast-wave exposure. The mice
showed decreased performance in a rotarod performance test and
righting reflex test indicating some form of motor or balance deficit.
Interestingly, the mice showed drastic reductions in the slow phase
component of the optokinetic reflex and notable decreases in the
number of fast nystagmus beats immediately blast-wave exposure.

The application of large-scale in vivo calcium imaging affords new
opportunity
for
studying
the
neural
circuits
critical
for
neurodevelopmental disease like Rett syndrome (RTT), caused by lossof-function in the X-linked gene encoding methyl-CpG-binding protein 2
(MECP2). RTT girls typically develop abnormalities in social interaction,
learning and memory, and impairments of other neurological functions.
Hippocampus acquires stimuli relevant to the training experience from
the context and plays a crucial role in the contextual learning and
memory retrieval. But how MeCP2 deficiency leads to circuit dysfunction
underlying learning and memory in hippocampus is still unknown. We
take advantage of microendoscope to image the hippocampal CA1
neurons in freely moving mice while the mice are performing
hippocampal dependent contextual fear learning and memory retrieval.
We found that Mecp2+/- mice (RTT model) show weaker responses to
foot shock and relatively smaller neuronal correlation after shock during
fear training compared to WT mice. 20-30% of neurons in CA1 region
are specifically active at initiation and end of freezing in training context
other than cued environment. Furthermore, context selective neurons in
Mecp2+/- mice show delayed responses to freezing episodes. These
findings reveal a circuit abnormality in fear learning and memory
retrieval, and provide some clues about the contextual memory coding in
the hippocampus.
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Audiovisual speech integration combines information from auditory
speech (talker’s voice) and visual speech (talker’s mouth movements)
to improve perceptual accuracy. However, if the auditory and visual
speech emanate from different talkers, integration decreases accuracy.
Therefore, a key step in audiovisual speech perception is deciding
whether auditory and visual speech have the same source, a process
known as causal inference. A well-known illusion, the McGurk Effect,
consists of incongruent audiovisual syllables, such as auditory “ba” +
visual “ga” (AbaVga), that are integrated to produce a fused percept
(“da”). This illusion raises two fundamental questions: 1) given the
incongruence between the auditory and visual syllables in the McGurk
stimulus, why are they integrated; and 2) why does the McGurk effect
not occur for other, very similar syllables (e.g., AgaVba). We describe a
model of causal inference in multisensory speech perception (CIMS)
that predicts the perception of arbitrary combinations of auditory and
visual speech. We applied the model to data collected from 60 subjects
perceiving both McGurk and non-McGurk incongruent speech stimuli.
The model successfully predicted both the audiovisual integration
observed for McGurk stimuli and the lack of integration observed for
non-McGurk stimuli. An identical model without causal inference did not
accurately predict perception for either form of incongruent speech. The
CIMS model provides a computational framework for studying how the
brain performs one of its most important tasks, integrating auditory and
visual speech cues to allow us to communicate.

Elevated reactive oxygen species (ROS) induce the formation of lipids
in neurons that are transferred to glia where they form lipid droplets
(LD). Here, we show that glial and neuronal monocarboxylate
transporters (MCTs), fatty acid transport proteins (FATP), and
apolipoproteins, are critical for glial LD formation. Glia secrete and
neurons absorb lactate via MCTs, which is converted to pyruvate and
Acetyl-CoA in neurons. In the presence of high ROS and dysfunctional
mitochondria, lactate metabolites provide a substrate for lipid
synthesis, which are then processed and transferred to glia by FATP
and apolipoproteins. Inhibiting lactate transfer or reducing FATP or
apolipoproteins all inhibit glial LD accumulation. This reduction delays
neuronal demise in flies and in primary mouse glia-neuronal cultures.
We show that human APOE can substitute for a fly glial apolipoprotein
and that APOE4, an Alzheimer’s Disease (AD) susceptibility allele, is
impaired in lipid transport, providing insight into neurodegenerative
mechanisms underlying AD pathogenesis.
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STATE DEPENDENT INFLUENCES OF
SOMATOSENSORY CORTEX ON AUDITION
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STIMULATION TO ACHIEVE OPTIMAL AUDITORY
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Audition and touch interact in the frequency domain. These interactions
may be supported by neural circuits that process frequency information
regardless of sensory modality. If a cortical region supports processing
for audition and touch, what is its functional relationship with the
somatosensory cortex? Here, we directly assess whether primary
somatosensory cortex (S1) is functionally coupled to cortical circuits that
also support auditory frequency perception by combining human
psychophysics with transcranial magnetic stimulation (TMS). We
hypothesized that the connectivity between S1 and the other nodes of
this frequency network depends on the deployment of attention to
vibration frequency. Accordingly, we predicted that auditory frequency
perception would only be affected by S1-TMS when subjects also
attended to vibration frequency. To test this prediction, we asked
healthy participants to perform auditory and tactile frequency
discrimination tasks during blocks in which attention was directed to
either sensory modality alone (unimodal blocks) or over both (mixed
blocks). We applied TMS over S1 on every trial. Our results show that
S1-TMS impaired auditory performance only during the mixed blocks,
where attention was simultaneously deployed to touch. TMS application
over a control site (i.e., the occipital pole) did not impair tactile or
auditory performance in any block. Finally, the attentional modulation
effect as probed by S1-TMS was not present when subjects were asked
to judge stimuli intensity. Our results provide a clear demonstration that
the somatosensory cortex can be functionally coupled to cortical
systems supporting auditory frequency perception. Importantly, the
connectivity within this frequency network appears to depend on the
specific deployment of attention.

The state of the brain fluctuates continuously and rapidly during
wakefulness. Only a subset of waking states is optimal for performing a
particular task, such as learning a new language. A new DARPA
program, ‘Targeted Neuroplasticity Training (TNT)’ aims to accelerate
cognitive skill training, such as learning new languages, using intelligent
closed-loop activation of peripheral nerves, including the vagus and
trigeminal. As one team contributing to the TNT program, the McGinley,
Froemke, and McCormick labs are collaborating to determine the basic
neuromodulatory and circuit mechanisms in the auditory cortex of
improved learning and performance of simple auditory discrimination
tasks resulting from peripheral nerve stimulation. The experiments build
upon our recently-developed approaches for using pupillometry to
detect optimal brain states for cortical processing of sounds and task
performance (McGinley et al., 2015) and for relating activity in
neuromodulatory pathways to pupil-indexed brain state (Reimer et al.,
2016) and behavioral performance (Kuchibhotla et al., 2016). In
parallel, the Mayo Clinic Neural Engineering Laboratories is conducting
high-throughput acute swine electrophysiological and neurochemical
characterization studies to validate the results in mice in a large animal
model, and extend the results based on the unique impact of
size/distance/degree of myelination has on invasive and non-invasive
neuromodulation strategies (Shon et al., 2010; Min et al., 2016). To
achieve this goal, our team leader, Justin Williams, will leverage his
lab’s flexible electrode manufacturing platform to iterate on chronic
peripheral nerve stimulation, ECoG, and recording designs and fully
standardize across animal models.
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DETERMINING THE ROLE OF
VASOPRESSINERGIC NEURONS IN PRESSOR
ACTION, RESPIRATION AND TEMPERATURE
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Neurexophilins (Nxphs), which constitute a conserved family of
neuropeptide-like glycoproteins localized on synapses, are emerging as
important factors for brain function. Mutations in NXPH1 have been
reported in patients with autism and Nxph3 knockout mice display
neurological abnormalities. Both Nxph1 and Nxph3 interact with αneurexin, a presynaptic protein, and mutations of α-neurexin gene have
also been reported in patients with autism spectrum disorders (ASD).
Nxph4, which shares similar domain structure with Nxph1 and 3,
appears to be expressed in distinct brain regions, however, its in vivo
function has not been previously described. Here, we generated lacZ
reporter knock-in mice, which simultaneously disrupt Nxph4 expression,
to investigate the distribution of Nxph4 in the central nervous system by
X-gal staining and to reveal the function of Nxph4 by studying the
homozygous (null) mice. Nxph4 displays a unique expression pattern
that includes expression specifically in cortical layer 6b and the olfactory
bulb glomerular layer. It is also expressed in the mammillary bodyrelated circuits, including medial, lateral, and supramammillary nucleus,
presubiculum, and dorsal tegmental nucleus. Comprehensive behavioral
testing of Nxph4 knockout mice uncovered remarkable functional
abnormalities, including poor motor coordination, reduced anxiety, poor
sensory information processing, and impaired spatial working memory.
Given that the medial mammillary body strongly expresses Nxph4 and
plays a critical role in supporting spatial working memory, we performed
electrophysiological recordings on neurons in this region and observed
impaired synaptic transmission. Our data indicate that Nxph4 plays a
critical role in regulating synapse function and that disruption of those
synapses due to loss of Nxph4 causes specific neurological deficits.
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Arginine vasopressin (AVP) is a peptide hormone produced by
vasopressinergic neurons in the paraventricular hypothalamic region of
the brain. Pressor and antidiuretic actions of AVP are well documented.
AVP is also associated with thermoregulation and respiratory control,
among other homeostatic functions. Previously, AVP actions have been
measured by studying receptor expression and function, or AVP plasma
levels, as AVP loss of function mutations are lethal. To bypass the
embryonic lethality and to directly characterize AVP neuron function in
the adult mouse, we expressed excitatory (hM3D) and inhibitory (hM4D)
Designer Receptors Exclusively Activated by Designer Drugs
(DREADDs) in AVP-Cre defined neurons (AVP-Cre::hM3D and AVPCre::hm4De). DREADs are modified G-protein coupled receptors that
only respond to the binding of a synthetic drug, clozapine-N-oxide
(CNO). To functionally interrogate AVP expressing neurons, mice were
assessed for blood pressure, heart rate, respiratory function and
thermoregulation before and after hM3D- and hM4D-mediated
perturbation. Upon DREADD activation of AVP neurons, mice were not
able to fully respond to a mild hypercapnic challenge and exhibited
elevated core body temperature during cold challenges. Upon DREADD
inhibition of AVP neurons, mice exhibited low core body temperature
during cold challenges. Our preliminary data suggest that AVP neurons
may play a role in heart rate but not blood pressure, and reveal a
potential role in the hypercapnic ventilatory response and psychogenic
fever.
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Recently, there has been a push in the development of chloride
channels as optogenetic silencers, as they theoretically can produce
larger photocurrents than pumps, which can only transfer one charge
across the membrane per absorbed photon of light. Two naturally
occurring light-gated chloride channels, termed GtACR1 and GtACR2,
were discovered that do not conduct cations, are extremely sensitive to
light, and produce much larger photocurrents than any previously
existing hyperpolarizing optogenetic tool. We sought to test these
chloride channels in mouse cortical neurons. Unexpectedly, we
observed that in brain slices, blue light-activation of GtACR2 in
excitatory or inhibitory neurons resulted EPSCs or IPSCs, respectively,
onto neighboring neurons. This phenomenon also occurred with
GtACR1 and two other engineered chloride channels, iChloC and iC++.
The EPSCs or IPSCs were action potential-dependent, and we observed
action potentials in some of the GtACR2-expressing neurons, thus
indicating that stimulating GtACR2 can activate neurons to release
neurotransmitter onto neighboring neurons. Furthermore, the GtACR2induced EPSCs are sensitive to the axonal intracellular chloride
concentration. Thus, we hypothesize that the chloride reversal potential
in the axon is more positive than the resting membrane potential,
enabling GtACR2’s large photocurrent to depolarize the axon sufficiently
to result in neurotransmitter release. Consistent with this hypothesis,
adding dendrite-targeting motifs to GtACR2 is able to decrease, but not
completely abolish, the paradoxical neurotransmitter release. This work
highlights the limitations of both naturally occurring and engineered
chloride channels for silencing neurons.
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2Memory

Traumatic brain injury (TBI) causes extensive neural damage, often
resulting in long-term cognitive impairments. Unfortunately, effective
treatments for TBI remain elusive. The RhoA/ROCK signaling pathway is
a potential therapeutic target since it is activated by TBI and can
promote the retraction of dendritic spines/synapses, which are critical for
information processing and memory storage. To test this hypothesis,
RhoA/ROCK signaling was blocked by RhoA deletion from postnatal
neurons or treatment with the ROCK inhibitor Fasudil. We found that TBI
impairs both motor and cognitive performance and inhibiting
RhoA/ROCK signaling alleviates these deficits. Moreover, RhoA/ROCK
inhibition prevents TBI-induced spine remodeling and mature spine loss.
These data argue that TBI elicits pathological spine remodeling that
contributes to behavioral deficits by altering synaptic connections, and
RhoA/ROCK inhibition enhances functional recovery by blocking this
detrimental effect. As Fasudil has been safely used in humans, our
results suggest that it could be repurposed to treat TBI.
#Equal
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Deep brain stimulation (DBS) of the dentate gyrus (DG) is a technique
currently used in the clinic to improve cognition in patients with
Alzheimer’s disease. However, little is known about the effects of DBS
at the molecular level which underlie the improved learning and
memory seen in human patients. To address what impact DBS has on
healthy neurons in the hippocampus, we performed DBS in adult
wildtype (WT) male mice and analyzed gene expression, splicing, and
DNA methylation at baseline and following robust in vivo activation of
the DG. When comparing the DBS-induced gene expression changes
with previously reported activity-dependent genes, we found the
roughly two-thirds of the transcriptional changes we observed were
novel and showed an enrichment for anti-apoptotic factors and proteins
involved in cellular metabolism. Additionally, when we assessed
splicing, we found thousands of isoform expression differences
following DBS. Notably, over two thousand of these splicing changes
are not associated with an overall change in expression at the wholegene level. This is significant because these splicing changes would
have been overlooked in previous studies that assessed transcription at
only the gene level. Further, the isoforms in this group include hundreds
of axonal and synaptic proteins, which could ultimately affect the activity
of the neuron. We are currently analyzing the methylation pattern in DG
neurons at baseline and with DBS to assess whether methylation
patterns can change with activity and what relationship methylation
plays to the expression and splicing changes we observed post-DBS.

Alzheimer's disease (AD) is the most common cause of dementia. With
no cures or preventative treatments available, AD is projected to affect
13.8 million people by the year 2050. One path to effective treatments is
by understanding the genetic mechanisms of AD, and discoveries
through genome-wide association studies have implicated 22 novel
genes including CD2-associated protein (CD2AP) in AD pathogenesis.
CD2AP is an actin-binding, adaptor protein that is essential for
maintaining glomerular integrity in the mammalian kidney. However, its
role in the central nervous system (CNS), including in AD pathogenesis
remains unknown. Using the Drosophila melanogaster (Fruit fly) system,
we find that the fly ortholog of the mammalian CD2AP protein called
cindr is expressed in the nervous system and enriched at presynaptic
boutons. cindr null flies exhibit reduced lifespan (survival), locomotion
deficits and enhances Tau-induced progressive neurodegeneration in
the adult fly brain. cindr null flies show increased ghost bouton formation
at the larval NMJ, and electrophysiologically exhibit reduced EJP
amplitude and altered short-term plasticity suggesting that cindr plays a
role in regulating presynaptic function. CoIP experiments show that
cindr interacts with synaptic proteins required for synaptic vesicle
recycling such as Synapsin and Synaptotagmin. Interestingly, lack of
cindr leads an increase in synapsin expression and a decrease in
leonardo (leo, fly ortholog of 14-3-3ζ) expression. Our results suggest
that cindr genetically interacts with leo to regulate Synapsin’s turnover
and synaptic plasticity in the CNS. In summary, we postulate that
CD2AP dysfunction affects synaptic efficacy, and leads to enhanced
vulnerability to Tau-induced injury in AD.
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KCNQ2 VARIANT IN THE CALMODULIN
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FORMATION AND DISRUPTS PIP2 BINDING
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Ankyrin (Ank) proteins, are found throughout the body and act as the
primary link between the spectrin-based cytoskeleton and the
cytoplasmic domain of many membrane-associated proteins. Although
AnkG and AnkB are well recognized as important domain organizers
within the nervous system, few studies have investigated AnkR’s role.
Our lab recently showed AnkR can compensate for a loss of AnkG and
cluster Na+ channels at nodes of Ranvier. Additionally, multiple studies
have indicated various neurological disturbances have disruptions in
AnkR, including cerebellar dysfunction. However, the role of AnkR in
the nervous system remains poorly understood. Our expression
analyses show, unlike the other ankyrin proteins found widely
throughout the brain, AnkR is only present in a subset of neurons,
including cerebellar Purkinje cells. To elucidate the role of AnkR in
these cells, I have examined AnkR knockout mice (AnkRpale/pale). Data
reveals AnkRpale/pale mice have progressive Purkinje cell degeneration
marked by increasing amounts of abnormal protein accumulation and
dystrophic axons, resulting in cell loss in aged mice. Additionally, gait
analyses shows ataxia in null animals. Interestingly, mutations of bIII
spectrin underlie spinocerebellar ataxia type 5 (SCA5), characterized by
disrupted gait and progressive Purkinje cell degeneration,
phenotypically similar to AnkRpale/pale mice. Although the precise
molecular mechanisms underlying these changes remain unknown, our
data confirms AnkR and bIII spectrin interact in the brain. Taken
together, these data suggest AnkR plays an important role in stabilizing
the spectrin cytoskeleton in Purkinje cells. Future studies using our
novel AnkR cKO will further explore the role of AnkR in Purkinje cells,
and other neuronal populations of interest.

The KCNQ2 and KCNQ3 genes encode voltage-gated potassium
channel subunits which form heteromeric Kv7.2/7.3 channels that
underlie the M-current (IM) and play an important role in regulating neuronal excitability. Mutations in KCNQ2 and KCNQ3 may lead to Benign
Familial Neonatal Seizures (BFNS) or epileptic encephalopathy (EE,
the latter causing severe impairment in early development. The
reasons why some genetic variants cause self-limiting symptoms while
others cause profound disability are not well known. In this study, we
aimed to characterize an EE human variant (A337T) located in the A
helix of the Kv7.2 calmodulin (CaM) binding region to determine the
importance of the variant’s location and function. Electrophysiological
studies of mammalian cells co-transfected with the mutation A337T in
association with Kv7.2 or Kv7.2/Kv7.3 subunits displayed a current
density decrease in both homomeric and heteromeric subunit
arrangements. Surface biotinylation revealed a decrease in total
A337T protein levels with a corresponding decrease in total surface
protein levels. Cycloheximide treatment confirmed that total protein
decrease of the mutant subunit may correlate with an increased halflife, most likely caused by the loss of CaM binding, as shown by coimmunoprecipitation experiments. The likely cause of current decrease
in a heteromeric arrangement may be due to an alteration of
phosphatidylinositol 4,5-bisphosphate (PIP2) binding to the channel,
determined by electrophysiological recordings with voltage sensitive
phosphatase (VSP) . Altogether, this study shows that A337T perturbs
CaM and PIP2 binding, leading to epileptic encephalopathy.
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How can we determine what the brain computes? Here we describe a
framework to infer canonical structure in this computation. It is based on
the theory that the brain uses nonlinear computation by redundant,
recurrently connected population codes to perform approximate
probabilistic inference. Specifically, these computations implement a
message-passing algorithm operating on a probabilistic graphical model
whose interactions are encoded by overlapping probabilistic population
codes. We describe an analysis method that aims to identify this
algorithm from complex neural data elicited during perceptual inference
tasks. To recover the message-passing algorithm from neural
recordings, we must simultaneously find (1) the representation of taskrelevant variables, (2) interactions between the decoded variables that
define the brain’s internal model of the world, and (3) the global
parameters that define the message-passing inference algorithm. We
hypothesize that the global parameters are canonical - that is, common
to all parts of the graphical model regardless of interaction strength - so
that they generalize to new graphical models. We have applied this
analysis method to artificial neural recordings generated by a simple
model brain that uses an advanced mean field method to perform
approximate inference. We formulate a method of learning the inference
algorithm from the given neural dynamics as an optimization problem,
and successfully recover our model inference algorithm. This success
encourages us to apply these methods to more sophisticated brain
models, trained neural networks, and, eventually, to large-scale neural
recordings to uncover canonical properties of the brain’s distributed
nonlinear inferential computations.

Neuronal responses to repeated presentations of identical visual stimuli
are variable. The source of this variability is unknown, but it is
commonly treated as noise. We argue that this variability reflects, and is
due to, computations internal to the brain. Relatively little research has
examined the effect on neuronal responses of fluctuations in internal
signals such as cortical state and attention, leaving a number of
uncontrolled parameters that may contribute to neuronal variability.
Attention increases neuronal response gain in a spatial and feature
selective manner. We hypothesize that fluctuations in the strength and
focus of attention are a major source of neuronal response variability
and covariability. We first examine a simple model of a gain-modulating
signal acting on a population of neurons and show that fluctuations in
attention can increase individual and shared variability. To test our
model’s predictions experimentally, we devised a cued-spatial attention,
change-detection task to induce varying degrees of fluctuation in the
subject’s attentional signal. We use multi-electrode recordings in
primary visual cortex of macaques performing this task. We
demonstrate that attention gain-modulates responses of V1 neurons in
a manner consistent with results from higher-order areas. Our results
also indicate neuronal covariability is elevated in conditions in which
attention fluctuates. Overall, our results suggest that attentional
fluctuations are an important contributor to neuronal variability and
open the door to the use of statistical methods for inferring the state of
these signals on behaviorally relevant timescales.
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SUPERFICIAL CORTEX DURING ABSENCE
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While navigating through space, it is possible to maintain a sense of
position just by integrating our own movements over time. This ability to
path integrate is well documented in humans and animals navigating
short distances. However the behavioral algorithms and neural
computations supporting path integration remain unclear. To study this,
we trained macaque monkeys to use joystick to catch fireflies in a
virtual environment. In order to solve this task, monkeys had to update
their position estimates based solely on optic flow generated by moving
through virtual space. Although each target firefly only appeared briefly,
behavioral recordings of eye-movements revealed that monkeys
continued to track the target even after it was long gone, thereby
maintaining their gaze at the target location until they reached it. This
suggests that the output of integration is likely embedded in the brain’s
oculomotor circuit, such that the eye position provides a dynamic
readout of the distance to target during visual path integration. To
identify the underlying neural computations, we recorded the activity of
neurons in the posterior parietal cortex (area 7a) of one monkey. We
found that a subset of neurons encoded the monkey’s distance to
target and exhibited non-overlapping ‘distance fields’. Analysis of the
temporal dynamics showed that sequential firing of neurons is likely
critical for accurate path integration behavior, with abrupt termination of
sequences leading to failures.

Absence epilepsy is a common childhood disorder featuring frequent
cortical spike-wave seizures with a loss of awareness and behavior.
Using the calcium indicator Gcamp6 with in vivo 2-photon cellular
microscopy and simultaneous electrocorticography, we examined the
collective activity profiles of individual layer-2/3 neurons and surrounding
neuropil during spike-wave seizure activity over prolonged periods in
stargazer mice. We show that most (~80%) neurons in superficial
cortical layers reduce their activity during seizures, whereas a smaller
pool activates or remains neutral. Neuropil activity, thought to represent
aggregate pre-and postsynaptic activity similar to LFP, was even more
uniformly suppressed during seizures. Unexpectedly, single unit activity
within the superficial layers is not fixed, but fluctuates on a flexible time
scale across seizures. Pairwise correlation analysis of calcium activity
reveals a surprising lack of synchrony among layer-2/3 neurons and
neuropil patches during seizures. Our results demonstrate a distinct
asynchronous suppression of superficial networks during absence
seizures, with major implications for understanding cortical network
function during hyperactive EEG states.
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Superior colliculus (SC) is a small midbrain structure that is critical for
head and eye movement and for visual attention. Visually responsive
neurons form a retinotopic map in its superficial layers, and oculomotor
neurons are believed to be similarly organized in its intermediate layers.
SC has been studied extensively in animal models, but human SC can
only be studied using non-invasive methods such as fMRI. Human fMRI
of SC is challenging because of its small size, deep location in the
head, and nearby vasculature. Here we present a combination of highresolution imaging and analysis methods that resolve the retinotopic
representation for stimulation and saccadic eye movements in human
SC. To map visual stimulation, subjects view moving dots in a wedgeshaped region that moves away from fixation. Using population
receptive field (pRF) analysis, we resolve a clear progression of
eccentricity with the distance of each voxel from a foveal coordinate on
a 3D brainstem mesh. Good pRF model fits were found across the
majority of each SC, and most sessions showed a linear, rather than
logarithmic, progression of eccentricity with distance. To map eye
movements, subjects perform a saccade task analyzed using a
traveling wave method. Saccades made in the superior-inferior visual
axis map onto the medial-lateral anatomical axis in SC, which
corroborates results from monkey studies. We also show that these eye
movement maps are aligned with the retinotopy of the superficial layers.
These methods allow us to acquire and analyze data from small brain
structures that are notoriously difficult to image, making them especially
useful for clinical imaging of sub-cortical nuclei.
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Fear conditioning can be self-acquired by coupling an aversive stimulus
and a neutral stimulus. A less risky means of fear learning is through
exploiting aversive experiences of other individuals. Despite great
success in elucidating the mechanisms of fear learning in individual
animals, the precise neural correlates of social fear learning remain
relatively unknown. In the present study, we designed a social fear
learning task to investigate this question. One rat (observer) was foot
shocked in the shock box, then transferred to the observe box and
observed a second rat (demonstrator) undergoing an auditory fear
conditioning paradigm. We recorded the observer’s anterior cingulate
cortex (ACC) and hippocampal activities simultaneously. Our
preliminary data show that prior self-shock experience rendered the
observer rats to freeze in parallel with the demonstrator rats after
receiving mild foot shocks. Observer rats demonstrated significantly
increased freezing time in response to auditory cues when tested in a
novel environment, even without prior tone-foot shock coupling.
Observers’ freezing periods after shock were associated with reduced
ACC LFP theta (4-10Hz) power. Furthermore, beta band (15-30Hz)
coherence between observers’ ACC and hippocampal LFPs increased
during co-freezing periods, and persisted in the novel environment in
response to auditory cues. This elevated coherence resembles that
seen during observers’ self-freezing in contextual fear memory test. Our
data suggest that synchronization of neural activities between ACC and
hippocampus is involved in mediating vicarious fear acquisition, and
may provide a potential mechanism of how empathy is achieved in
rodents.
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The formation, regulation and maintenance of excitatory synapses are
crucial for normal cognitive function. Recently, we have identified the
adhesion G protein-coupled
receptor (GPCR) brain-specific
angiogenesis inhibitor 1 (BAI1) as a key regulator of synapse
development. BAI1 is highly localized to spines, and knockdown of BAI1
results in decreased spine and synapse density in both cultured
hippocampal neurons and cortical neurons from intact mouse brains.
Synaptic loss caused by BAI1 knockdown can be rescued by full-length
BAI1, but not by a BAI1 truncation mutant which fails to interact with the
Par3/Tiam1 polarity complex. Tiam1 is a Rac1-guanine nucleotide
exchange factor that promotes spine and synapse development by
inducing Rac1-dependent actin remodeling. Tiam1 is restricted to spines
by the polarity protein Par3. We show that BAI1 regulates spine and
synapse development by recruiting the Par3/Tiam1 complex to spines,
resulting in localized Rac1 activation. Although these findings elucidate
how BAI1 signals inward to promote post-synaptic development, it is
unclear whether BAI1 also signals across the synapse to induce presynaptic differentiation. In a COS7 cell-neuron co-culture system, we
show that BAI1 induces pre-synaptic termini formation on the axons of
cultured hippocampal neurons that contact BAI1-expressing COS7 cells.
These results indicate that BAI1 can induce pre-synaptic as well as postsynaptic development. Our future directions are to identify synaptic
ligands for BAI1. Our findings should help to elucidate mechanisms that
regulate excitatory synapse development, and provide potential
therapeutic targets for the treatment of neurological disease.

Information storage is thought to have a physical basis in long-lasting
modifications of synaptic function in selective brain circuits. At
hippocampal synapses, repeated low activity weakens the efficacy of
synaptic connections in a processes called long-term depression (LTD).
Interestingly, different types of learning processes are associated with
LTD. The mechanistic target of rapamycin (mTOR) signaling has been
implicated in hippocampal LTD but most of the evidence supporting its
role relies on the use of the mTOR inhibitor rapamycin. mTOR forms
two complexes: the mTOR complex 1 (mTORC1), which is sensitive to
rapamycin, regulates protein synthesis and is defined by the adaptor
protein raptor; and mTORC2 that is largely insensitive to rapamycin,
regulates actin dynamics and is defined by rictor. Here we report that
mGluR activation triggers the activity of both complexes, mTORC1 and
mTORC2. Strikingly, conditional deletion of rictor (mTORC2), but not
raptor (mTORC1), in the postnatal murine forebrain impairs chemical or
electrically induced mGluR LTD. Moreover, rapamycin (1 µM) blocks
mGluR-LTD in both control and mTORC1-deficient hippocampal slices.
In consistent with the electrophysiological recordings, hippocampaldependent object place learning, a behavioral task that induces mGluRLTD in the hippocampus, was only impaired in mTORC2-deficient, but
not mTORC1-deficient, mice. Thus, mTORC2 signaling is required for
mGluR-LTD and related behaviors and is a promising novel target for
the treatment of mGluR-LTD-linked cognitive dysfunction.
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Over two thirds of spinal cord injury (SCI) patients have anatomical
preservation at the injury site, yet this preserved tissue is typically
completely or partially dysfunctional. Therefore, to provide improved
function in these patients, strategies are needed that enhance the
function of the remaining connections by enabling the inherent plasticity
of the CNS. We found an unanticipated interplay between a
neurotrophin and cellular immune processes that may provide a means
to promote plasticity after SCI. Moreover, we have evidence that this
interplay may be exploited to induce neuroplasticity in chronic SCI. Our
earlier work showed that unilateral viral-vector mediated overexpression of Neurotrophin-3 (NT-3) in lumbar motoneurons induced
axon growth from the contralateral corticospinal tract (CST) towards the
source of the NT-3. Subsequently, we showed that there is an immune
component to the NT-3-induced axonal sprouting and that microglia
and T cells are likely involved. When the host animals were rendered
immunocompetent by pharmaceutical or genetic manipulations the NT3 did not induce sprouting. Grafting normal T cells into immunocompetent rats enabled NT-3-induced axonal sprouting. Recent data
show that microglia and macrophage have the NT-3 receptor TrkC and
that NT-3 re-programs inflammatory macrophages and microglia to a
more pro-regeneration phenotype. These experiments suggest that
future therapeutic strategies based upon manipulation of microglia may
promote enhanced neuroplasticity and increase functional recovery in
patients with chronic SCI.
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ΔFOSB GENE TARGETS IN AN ALZHEIMER’S
DISEASE MOUSE MODEL: IMPLICATIONS FOR
HIPPOCAMPAL NEURONAL FUNCTION

Increasing evidence suggests that seizures contribute to cognitive
decline in Alzheimer’s disease (AD). Therefore, understanding the
mechanisms by which they do so may enable the discovery of novel
therapeutic targets. Our studies of seizure-related changes in the
hippocampus of human amyloid precursor protein (hAPP) transgenic
mice, a mouse model of AD, have revealed that expression of the
transcription factor ΔFosB is markedly increased by seizures. ΔFosB
has an unusually long half-life (~8 days) and interacts with various
histone modification enzymes to regulate multiple neuronal functions.
Identifying targets of ∆FosB in hAPP mice may therefore provide insight
into the mechanisms by which even infrequent seizures can lead to
long-lasting impairments in memory. Our unbiased ChIP- and RNAsequencing analyses have identified many putative ΔFosB gene targets
in wild-type and hAPP mice. Gene clustering analyses of these targets
demonstrate the potential involvement of ΔFosB in regulating pathways
critical to neuronal function, including glutamatergic synapse
maintenance, cytoskeletal organization, and dendritic development.
Further benchtop confirmation of several notable ΔFosB targets in the
hippocampus of hAPP mice reveals altered expression. Overall, our
data suggest that seizure-induced ΔFosB in the hippocampus of hAPP
mice critically coordinates several programs of gene expression to
regulate neuronal function. Funding: Hassel Family Foundation (JC),
and NIH grants F30AG048710 (JCY) and NS085171 (JC).
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Glioblastoma multiforme (GBM) is one of the most aggressively
malignant gliomas in humans. Genes involved in glia fate development
have been linked to GBM tumorigenesis. Considering tumorigenesis is
viewed as a convergence of genetic mutation and developmental
context, to better understand GBM, we must go back to better
understand the glia development. Our lab had identified Daam2 is
highly expressed in both astrocytes and oligodendrocytes. Loss of
Daam2 during development leads to the stimulation of
Oligodendrocyte Precursor Cells (OPC) differentiation. Given the
important role of Daam2 during glia development, we hypothesize that
Daam2 is also important for tumorigenesis. We first characterized that
Daam2 is highly expressed in both human GBM xenograft and tissue
array samples. To further analyze the function of Daam2 in GBM, we
took advantages of both human GBM xenograft cell line model and
mouse GBM brain tissue generated from In Utero Electroporation (IUE)
model. The mouse model that uses PiggyBac(PB) and In Utero
Electroporation (IUE) targets astro-glial lineages with oncogenes. We
found that Daam2 potentiates tumor proliferation. These results were
further supported by the complementary study performing IUE on
Daam2 knockout mice. To fully explore the mechanism, MS and RPPA
were applied on mouse brain tissues. It shows that Daam2 negative
correlates with VHL expression. In sum, we demonstrated that Daam2
plays critical roles in GBM tumorigensis, which potentiates proliferation
and tumor growth.

The PKR-like endoplasmic reticulum kinase (PERK) arm of
the Integrated Stress Response (ISR) is implicated in
neurodegenerative disease, although the regulators and consequences
of PERK activation following neuronal injury are poorly understood.
Here we show that PERK signaling is a functional component of the
MAP kinase neuronal stress response controlled by the Dual Leucine
Zipper
Kinase
(DLK)
and
contributes
to
DLK-mediated
neurodegeneration. We find that DLK-activating insults ranging from
nerve injury to neurotrophin deprivation result in both c-Jun N-terminal
Kinase (JNK) signaling and the PERK- and ISR-dependent
upregulation of the Activating Transcription Factor 4 (ATF4). Disruption
of PERK signaling delays neurodegeneration without reducing JNK
signaling. Furthermore, DLK is both sufficient for PERK activation and
necessary for engaging the ISR subsequent to JNK-mediated
retrograde injury signaling. These findings identify DLK as a central
regulator of not only JNK but also PERK stress signaling in neurons,
with both pathways contributing to neurodegeneration.
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Hippocampal place cells are key to episodic memories. How these cells
participate in memory retrieval remains unclear. Here, after rats
acquired a fear memory by receiving mild foot-shocks at a shock zone
of a track, we analyzed place cells when the animals were placed back
to the track and displayed an apparent memory retrieval behavior:
avoidance of the shock zone. We found that place cells encoding the
shock zone were reactivated during the avoidance behavior, despite
the fact that the animals did not enter the shock zone. This reactivation
occurred in ripple-associated awake replay of place cell sequences
encoding the paths from the animal’s current positions to the shock
zone, but not in place cell sequences within individual cycles of theta
oscillation. The result reveals a specific place cell pattern underlying the
inhibitory avoidance behavior and provides strong evidence for the
involvement of awake replay in fear memory retrieval.

Sensory maps are created by networks of neuronal responses that vary
with their anatomical position, such that representations of the external
world are systematically and topographically organized in the brain.
Current understanding from studying excitatory maps is that maps are
sculpted and refined throughout development and/or through sensory
experience. Investigating the mouse olfactory bulb, where ongoing
neurogenesis continually supplies new inhibitory granule cells into
existing circuitry, we isolated the development of sensory maps formed
by inhibitory networks. Using in vivo calcium imaging of odor responses,
we compared functional responses of both maturing and established
granule cells. We found that, in contrast to the refinement observed for
excitatory maps, inhibitory sensory maps became broader with
maturation. However, like excitatory maps, inhibitory sensory maps are
sensitive to experience. These data describe the development of an
inhibitory sensory map as a network, highlighting the differences from
previously described excitatory maps.

TRANSLATIONAL CONTROL BY EIF2α
REGULATES ACUTE AND PERSISTENT EFFECTS
OF COCAINE
Sanjeev Khatiwada1,2,3, Wei Huang2,3, Andon Placzek2,3, Gonzalo V. Di
Prisco2,3, & Mauro Costa Mattioli2,3
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EFFECTS OF CHRONIC PURKINJE CELL
SILENCING ON CENTRAL PROCESSING OF
VESTIBULAR SELF-MOTION SIGNALS
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The vestibular otolith organs physically cannot distinguish between
linear inertial acceleration and changes in head position relative to
gravity. Previous research advocates that the two types of motion are
separated centrally by combining otolith information with signals from
the semicircular canals. Notably, neurons in the cerebellum and
vestibular nucleus modulate their firing rates to represent linear
acceleration or gravitational changes, with a broad range of selectivity.
Since experimental evidence suggests that cerebellar circuitry is
significantly involved in the creation of internal models, we
hypothesized that processing in the cerebellar cortex is necessary for
single neurons to differentiate linear translation and gravitational tilt. To
test this hypothesis, we adapted motion test protocols previously used
for macaques to similarly test a published conditional genetic mouse
line, L7Cre;Vgatflox/flox. Our lab developed this line to constitutively
prevent cerebellar Purkinje cells from signaling to their targets through
GABA. We recorded extracellular signals from Purkinje cells in awake
mutant and littermate mice during combinations of translation and tilt.
Our data first indicated that mice typically represent the two types of
motion analogous to that reported for monkeys. Intriguingly,
L7Cre;Vgatflox/flox mice also appear to have Purkinje cells which
respond selectively to tilt or translation. This could be because
feedback from Purkinje cell target areas into cerebellar cortex is not
required for proper self-motion dissociation, or could also be reflecting a
functional developmental compensation.

Drug abuse and addiction is a major global mental health problem;
however, the underlying biological mechanisms are not well
understood. While the effects of drugs of abuse require de novo protein
synthesis, the translational control mechanism(s) involved is not known.
Our long-term goal is to understand: a) how acute exposure to drugs of
abuse usurp specific translational control mechanism(s), and b) how it
leads to persistent changes in the reward circuits in the brain to cause
maladaptive reward learning and reinforce compulsive drug-seeking
behavior. We found that cocaine—the model drug for our studies—
reduces phosphorylation of the α-subunit of eukaryotic translation
initiation factor 2 (p-eIF2α) in the ventral tegmental area (VTA)—a key
reward center in the brain—more readily in adolescent mice compared
to adult mice. Specifically, in adolescent mice but not in adults, a subthreshold dose of cocaine reduced p-eIF2α levels and potentiated
synaptic inputs onto dopaminergic neurons in the VTA, and elicited
drug-reinforced behavior (place preference). Interestingly, we found that
genetically or pharmacologically increasing or decreasing p-eIF2α
levels render mice more resistant and more vulnerable, respectively, to
the acute effects of cocaine. Moreover, we also found that decreasing
p-eIF2α-mediated translation facilitates the persistence of the effects of
cocaine. Taken together, our data suggest that p-eIF2α-mediated
translation could be a key mechanism gating the progression from
transient to persistent effects of cocaine, and could be a therapeutic
target to prevent the persistent effects of drugs of abuse.
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Cortical hierarchies are linked by extensive top-down feedback
connections whose function remains elusive. We made a detailed
comparision on the connectivity and function of two different feedback
pathways in mice with a combination of multiple whole-cell recordings
and optogenetics. One pathway is within a sensory modality, from
secondary visual area LM (lateromedial area) to primary visual cortex
(V1), and the other is between motor and sensory areas, from primary
motor cortex (M1) to primary somatosensory cortex (S1). We found that
these two pathways have distinct features in both connectivity and
functions. Both of the feedback projections targets pyramidal cells in
L2/3 and L5, but their projections on interneurons are quite different.
LM provided strong monosynaptic excitation to Layer 2/3 parvalbumin
and somatostatin expressing interneurons and weaker input to all other
cell types, while the major target of M1 in S1 is vasoactive intestinal
polypeptide expressing interneurons. Consistent with their connectivity
patterns, LM to V1 feedback sharpens both the temporal pattern and
the tuning properties of V1 pyramidal cells, while M1 to S1 feedback
enhances the activity of S1 pyramidal cells, sometimes with bursts of
firing. Our results suggest the existence of two functional modules of
feedback pathways in mouse neocortex, which might execute
completely different top-down neural modulations.
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A CENTER SURROUND SYSTEM FOR MOVEMENT
CONTROL IN THE DEEP CEREBELLAR NUCLEI

We previously identified a small region in the anterior interpositus
nucleus of the cerebellum that is essential for the expression of learned
eyelid movements in mice, and reported that the responses of some
neurons located in and around this “hotspot” are positively correlated
with the eyelid kinematics on single trials. Here we analyzed how the
same neurons respond during locomotion, and report an unexpected
feature of the response properties. Mice were head-fixed on top of a
cylindrical treadmill and trained to blink in response to a light or vibrissal
conditioned stimulus (CS) that was repeatedly paired with an airpuff to
the eye. We then made single unit recordings in and around the
eyeblink hotspot while the mice performed conditioned eyelid
movements and walked freely on the treadmill. We found that many of
the neurons that had excitatory responses during conditioned eyelid
movements were inhibited during other movements such as locomotion.
Furthermore, the firing of nearby neurons was a mirror image: inhibition
during conditioned eyelid movements and excitation during locomotion.
This antagonistic relationship between neighboring neurons suggests
that neurons within the deep cerebellar nuclei contain center surround
motor fields analogous to the center surround receptive fields
commonly seen in sensory systems.

SPATIAL PROXIMITY DETERMINES THE
STRENGTH OF MULTI-FINGER INTERACTIONS.
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Organisms typically base their perceptual decisions on noisy and
ambiguous sensory observations. In many tasks, optimal performance
requires the brain to represent and utilize, on every trial, knowledge
about the level of sensory uncertainty. In earlier work, we introduced a
simple orientation classification task with sensory uncertainty for which
optimal performance requires the observer to utilize sensory uncertainty
on a trial-by-trial basis, and demonstrated that both humans and
monkeys do so. Here, our goal is to identify the neural substrates of this
computation. The theoretical framework of probabilistic population
coding (PPC) postulates that the brain encodes sensory information
into the pattern of population activity by representing a “likelihood
function” over the stimulus – the probability of observing the pattern of
neuronal activity for each hypothesized stimulus value. We
hypothesized that the width of the likelihood function that can be
decoded from trial-to-trial population activity in primary visual cortex
(V1) is informative about the animal’s decision. To test this hypothesis,
we trained two macaque monkeys on our classification task. We
implanted a chronic multi-electrode array in V1 to record the population
activity while the monkey performed the classification task. On each
trial, we decoded from single-trial V1 population activity the width of the
likelihood function under a Poisson-like population coding model. The
monkey’s trial-by-trial classification decisions were better predicted by a
Bayesian model utilizing the width of the likelihood function than by a
non-Bayesian model only utilizing a point estimate of the stimulus
orientation. This result provides one of the first population-level
physiological evidence in support of the PPC framework.

Our hands are remarkably dexterous organs that we use to sense and
manipulate objects. Hand dexterity depends on the fact that the
somatosensory system uniquely contains a deformable sensory sheet –
The relative positions of the cutaneous receptors in 3D space depend
on the conformation of the hand. The haptic perception of 3D objects
clearly requires combining cutaneous signals about the local events on
multiple fingers with proprioceptive signals about hand postures.
Critically, how proprioception and cutaneous sensing interact is poorly
understood. In a series of behavioral experiments we investigated how
hand posture influences the perception of vibrations over multiple
fingers, i.e., multi-finger touch. For a measure of multi-finger touch, we
first established how vibration information delivered simultaneously to
two fingers is combined. Results indicate that ignored vibrations
delivered to one finger systematically influence the perception of
attended vibrations delivered to a different finger. These multi-finger
interactions depend on relative finger position: fingers spread further
apart interact less than fingers held closely together. Combination of
tactile cues over fingers is neither conventionally-defined optimal nor
suboptimal integration. A new integration model (weighted sum of the
target and attention-modulated distractor cues) explains a most of the
explainable variance in multi-finger touch interactions. This model
reveals that the reliability of the distractor cues drops linearly with the
distance and quadratically with the frequency disparity between the
stimulated fingers.
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ELECTROCORTICOGRAPHY DEMONSTRATES A
SPECIAL ROLE FOR FOVEAL REGIONS OF
VISUAL CORTEX IN SPEECH PERCEPTION
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Speech perception is a multisensory process that combines auditory
information from the voice and visual information from the mouth
movements of the talker. Visual cortex is sensitive to the auditory
content of speech: it shows an enhanced response to audiovisual
speech that contains a noisy or entirely absent auditory component
possibly because top-down processes select visual speech information
when it is critical for perception. Because humans automatically foveate
faces, we predicted that foveal but not peripheral regions of visual
cortex should encode the majority of visual speech information and
therefore should show an enhanced response during perception of
noisy audiovisual speech. To test this prediction, we used
electrocorticography to map the receptive fields of electrodes implanted
in the brains of epileptic patients. We mapped the receptive fields of 52
occipital electrodes in 5 patients, classifying 29 as foveal (<3°
eccentricity) and 23 as peripheral (>3°). Foveal electrodes contained
receptive fields centered on the mouth of the talker. We then compared
the high gamma band (70 to 110 Hz) responses of electrodes
representing foveal and peripheral regions of the visual field to clear
(AV) and noisy (AnV) audiovisual speech. We found that visual cortex
shows enhanced responses to AnV compared with AV speech following
auditory speech onset (770 to 1050 ms). As predicted, this enhanced
response was significantly larger for foveal than peripheral
electrodes(AnV vs. AV: 384% vs. 303% for foveal and 91% vs. 78% for
peripheral), indicating a special role for foveal regions of visual cortex in
speech perception.
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The lobula giant movement detector (LGMD) is a neuron in the locust
visual system that is involved in collision avoidance and escape
behavior. Recently, active conductances within the LGMD's dendrites
were found to have crucial roles in the stimulus selectivity of the escape
network. Although physiology and pharmacology have revealed much
about the processing of visual inputs within the LGMD, it is not currently
possible to experimentally test many hypotheses about the biophysical
mechanisms underlying this processing. Using the simulation software
NEURON, we generated a detailed compartmental model of the LGMD
with dendritic morphology, active dendritic conductances and synaptic
inputs all grounded in experimental data. Within the LGMD model we
can test many hypotheses that are not accessible experimentally,
including the importance of location and distribution of the active
channels in reproducing experimental results to varied stimuli.
Moreover, we can alter the morphology of the modeled LGMD to study
its functional role and how morphology influences the function of active
conductances.
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miR-302 REGULATES CRANIOFACIAL
DEVELOPMENT IN MICE

IDENTIFICATION OF DIVERSE ASTROCYTE
POPULATIONS AND THEIR MALIGNANT
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Astrocytes are the most abundant cell type in the brain, where they
perform a wide array of functions, yet the nature of their cellular
heterogeneity and how it advances these diverse roles remains
shrouded in mystery. Using an intersectional fluorescence-activated
cell sorting–based strategy, we identified five distinct astrocyte
subpopulations present across three brain regions that show extensive
molecular diversity. Application of this molecular insight toward function
revealed that these populations differentially support synaptogenesis
between neurons. We identified correlative populations in mouse and
human glioma and found that the emergence of specific
subpopulations during tumor progression corresponded with the onset
of seizures and tumor invasion. In sum, we have identified
subpopulations of astrocytes in the adult brain and their correlates in
glioma that are endowed with diverse cellular, molecular and functional
properties. These populations selectively contribute to synaptogenesis
and tumor pathophysiology, providing a blueprint for understanding
diverse astrocyte contributions to neurological disease.

•Young Sun Oh1, Hyo Jin Joo1, Rachel Keuls1, Prithvi Vallabh1, Alisa
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Defects in craniofacial development underlie some of the most common
human birth defects and diseases. For example, neural tube closure and
congenital heart defects are related by their neural crest origin. Our
preliminary results suggest that loss of miR-302 results in multiple
craniofacial defects involving the brain and neural crest cells (NCCs).
Since miR-302 is expressed in NCCs, there is a distinct possibility that
miR-302 is required for normal migration or guidance of NCCs in
subsequent post-migratory events, including proliferation and survival.
This claim, however, is complicated by the fact that miR-302 is also
implicated in earlier stages of NCC induction. Therefore, we must
systematically identify miR-302 function a sequential stages of
development. To address these questions, we performed a phenotypic
analysis of cranial NCCs in miR-302 knockout embryos, deleted miR302 in human embryonic stem cells using CRISPR-Cas9-based genome
editing, and conducted an in vivo characterization of miR-302 target
function in chick embryos. Studies indicate that in hESCs miR-302
regulates multiple signaling pathways to promote pluripotency and
repress precocious differentiation into NCCs. We are currently testing
the hypothesis that this function is mediated through the Bmp, Fgf, Wnt,
and Notch pathways.
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THE PARANODAL CYTOSKELETON CLUSTERS
NA+ CHANNELS AT NODES OF RANVIER
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The lobula giant movement detector (LGMD) in the locust is an
identified visual interneuron that responds preferentially to simulated
objects approaching on a collision course (looming stimuli). It receives
onto its extended excitatory dendritic field a retinotopic projection of
synaptic inputs from an entire visual hemifield. How the LGMD neuron
integrates these excitatory synaptic inputs spatiotemporally in response
to looming stimuli remains largely unknown. To study how these inputs
are integrated, we performed calcium imaging experiments on the
excitatory dendrite of the LGMD while simultaneously presenting
looming stimuli simulating the approach of black square object towards
the locust eye. We used an intracellular calcium indicator with fast
kinetics to minimize the difference between calcium fluorescence and
membrane potential changes. Our data show that during the course of
looming, as the black stimulus edges move across the receptive field of
successive photoreceptors, they triggers calcium responses at the
corresponding retinotopic locations on the excitatory dendrites of the
LGMD. The calcium fluorescence changes spread like a wave from a
central location towards the surrounding excitatory dendrites. By
simultaneously measuring the membrane potential and the calcium
responses, we found that the calcium signal on the dendritic branches
that mapped to the center of the looming stimuli fitted well the
membrane potential’s rising edge. Calcium imaging of the LGMD
excitatory dendrites will be help validate the computational modeling of
this neuron and provide new insights for the understanding of dendritic
integration and computation.

A high density of Na+ channels at nodes of Ranvier is necessary for
rapid and efficient action potential propagation in myelinated axons.
Na+ channel clustering is thought to depend on two axonal cell
adhesion molecules that mediate interactions between the axon and
myelinating glia at the nodal gap (i.e., NF186) and the paranodal
junction (i.e., Caspr). Here we show that while Na+ channels cluster
at nodes in the absence of NF186, they fail to do so in double
conditional knockout mice lacking both NF186 and the paranodal cell
adhesion molecule Caspr, demonstrating that a paranodal junctiondependent mechanism can cluster Na+ channels at nodes.
Furthermore, we show that paranode-dependent clustering of nodal
Na+ channels requires axonal βII spectrin which is concentrated at
paranodes. Our results reveal that the paranodal junction-dependent
mechanism of Na+ clustering is mediated by the spectrin-based
paranodal axonal cytoskeleton.
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SPATIO-TEMPORAL ACTIVATION OF THE
EXCITATORY DENDRITES OF AN IDENTIFIED
INTERNEURON IN RESPONSE TO LOOMING

MOUTH AND VOICE: A RELATIONSHIP BETWEEN
VISUAL AND AUDITORY STIMULUS PREFERENCE
IN THE HUMAN SUPERIOR TEMPORAL SULCUS
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Speech perception is a multisensory process that uses both visual
information from the talker's face and auditory information from the
talker's voice. The superior temporal sulcus (STS) is a key brain locus
for multisensory integration but little is known about its neuroanatomical
organization. Previous studies have shown that subregions of the STS
respond to visually-presented mouth movements, visually-presented
eye movements, and auditory stimuli. We hypothesize the existence of
a relationship between these different axes of selectivity. Because we
generally see visual mouth movements at the same time that we hear
speech, we hypothesized that regions of the STS with a preference for
visual mouth movements should respond strongly to auditory stimuli. To
test this hypothesis, we used blood oxygenation level dependent
(BOLD) functional magnetic resonance imaging (fMRI) to scan twenty
subjects. In each subject, we identified STS voxels that showed a
preference for visual mouth movements. These voxels showed a
greater response to auditory speech than eye-movement preferring
voxels with a positive correlation between mouth-preference and
auditory response. Next, we examined whether the auditory response
was selective for vocal stimuli. Mouth-preferring voxels responded more
to vocal than non-vocal stimuli with a correlation between mouthpreference and vocal-preference. Our study demonstrates that
subregions of the STS respond strongly to both visually-presented
mouth movements and auditory speech, suggesting that these stimulus
features are coded together in small populations of STS neurons.

The disparate symptoms of AD like memory impairment, cognitive
dysfunction and deficit in sleep maintenance, all have in common the
fact that they are regulated by activity in the corticothalamic network.
Transgenic mice that express human amyloid precursor protein (APP)
carrying mutations linked to AD also exhibit all of these symptoms. We
recently identified robust alterations in activity in the corticothalamic
network in APP mice, appears to be downstream of reduced activity in
the reticular thalamic nucleus (nRT), a major inhibitory thalamic control
nucleus. Such reduction was associated with impairments in sleep
maintenance, deficits in spatial memory, and seizures. We
hypothesized that restoration of activity in nRT might be a therapeutic
strategy to improve cognition and behavior in APP mice. To this end,
we achieved activation of nRT using Gq coupled hM3D (DREADD)
receptors in VGAT-Cre and Gad2-Cre (non-APP) mice. Activation of
DREADDs, using IP injection of CNO, resulted in increased levels of
the activity dependent marker, FosB/delta-FosB in this region. We also
demonstrate increased activity of nRT neurons during bath application
of CNO in slice physiology. Finally, DREADD mediated activation of
nRT resulted in enhancement of slow wave sleep (SWS). Together,
these results show that nRT-specific expression of DREADDs enables
selective activation of nRT to modify behavior.
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