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All events in the Murray Family Function Room

3:30 Doors Open Coffee & Tea, Onsite Registration, Presenters 
Hang Posters

4:00 Keynote Dr. Rebecca Shansky, Northeastern University 
Sex-dependent behavioral diversity in threat responding

4:35 Keynote Dr. Ziv Williams, Harvard Medical School 
Developing genetic, neurophysiologic and neurosurgical approaches for 
treating neurologic and psychiatric disorders

5:15 Poster Session & Reception

7:00 Lightning Talks 
Kathryn Kern Hippocampal subfield volumes, pattern separation task 
performance, & cardiorespiratory fitness in older adults 
Matilda LaBranche Role of the delta subunit of the GABAA receptor for 
anesthesia in a zebrafish model  
Kylie Huckleberry Sex-specific reversal of context generalization in cued 
fear conditioning by TRPV1 antagonist

7:30 Awards, Election Results & Closing Remarks
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November 7, 2019 

Boston College 
Murray Family Function Room 

Yawkey Athletics Center 
140 Commonwealth Ave, 
Chestnut Hill, MA 02467

Boston Chapter



Meet the Keynote Speakers 

Dr. Rebecca Shansky is a neuroscientist and Associate Professor of 
Psychology at Northeastern University. She earned her PhD at Yale University 
and completed a postdoctoral fellowship at Rockefeller University. She directs 
the Laboratory of Neuroanatomy and Behavior which explores the links 
between brain structure and function, focusing on how individual differences 
in response to trauma shape long-term memories. As biomedical researchers 
increase the emphasis on understanding biological and psychological aspects 
of sex and gender she is a vocal advocate for gender and sex equity in 
experimental design. Her research program is funded by the National 
Institutes of Mental Health and she has published her work in Science, 
Cerebral Cortex and Biological Psychiatry. Follow her @shanksylab 

Dr. Ziv Williams earned a B.S. in Biochemistry from U.C. Diego in 1994 and an 
M.D. from Stanford University in 1999. He completed fellowships in 
neurobiology and neurosurgery at Harvard Medical School where he is now 
an Associate Professor with joint appointments at Harvard-MIT Health Sciences 
& Technology and Harvard Medical School Program in Neuroscience. Dr. 
Williams’ research focuses on the neural computations that underlie complex 
motor and cognitive behavior. Specifically, this research includes developing 
complex computational and statistical techniques for non-human primate and 
human electrophysiology, studying the neural network dynamics of memory 
formation and recall, and developing intelligent neural implants. Dr. Williams’s 
work is published in Cell, Nature, and The New England Journal of Medicine 

and is recognized by numerous awards including the Ralph Bingham Cloward Award from the American 
Association of Neurological Surgeons, the Charles Elsberg award from the New York Academy of Medicine, 
the Excellence Award for Community Outreach from Partners Health Care, and notably, the Presidential Early 
Career Award. 

Event Sponsors 

The 2019 NeuroBoston Fall Symposium is sponsored by the Boston College Institute for Liberal Arts (bc.edu/
ila), the Boston College Psychology Department (bc.edu/psychology) and Senso Medical 

(www.sensomedical.com) 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Meet the Lightning Speakers 

Kathryn (Katie) Kern is a 5th-year Ph.D. candidate in the Department of 
Anatomy & Neurobiology at Boston University School of Medicine. She is 
currently in the Brain Plasticity and Neuroimaging Laboratory directed by Dr. 
Karin Schon, Ph.D., and is interested in examining the neurobiological 
mechanisms behind exercise as a means for the prevention of chronic 
disease. Her dissertation work combines cognitive neuroscience and 
exercise physiology techniques to examine the effects of endurance 
exercise in older adulthood on the entorhinal cortex and hippocampus, two 
brain regions that are essential for memory and navigation. Katie also plays 
an active role in teaching gross anatomy and cognitive neuroscience to 
medical, dental, and graduate students affiliated with Boston University. 

Matilda LaBranche is an undergraduate at Smith College majoring in 
Neuroscience with a focus in Molecular Neuroscience. She has conducted 
research under Dr. Alison Barth at Carnegie Mellon University which focused 
on the spatial association between acetylcholine-containing axon terminals 
and postsynaptic markers across the somatodendritic compartment of 
somatostatin expressing neurons in cortex. Currently, she is conducting 
research under Dr. Adam Hall at Smith College, who investigates the 
molecular mechanisms of anesthetic action in the vertebrate nervous 
system. She has been developing a novel dose-response assay to test 
anesthetic sensitivity in zebrafish via GABA-A receptor modulation. She will 
be studying abroad at Oxford University this spring. 

Dr. Kylie Huckleberry is a postdoctoral research associate in the lab of Dr. 
Rebecca Shansky at Northeastern University. She studies how 
endocannabinoid signaling in the ventral hippocampus contributes to sex 
differences in fear generalization. Prior to joining the Shansky Lab, Dr. 
Huckleberry was a graduate student in the lab of Dr. Michael Drew at the 
University of Texas at Austin, where she received a Ph.D. in Neuroscience 
with a Graduate Concentration in Teaching and Mentoring. Her graduate 
work focused on how adult hippocampal neurogenesis contributes to 
hippocampus-dependent learning and memory. One of her passions is 
empowering women and underrepresented minorities in STEM. To this end, 
she is a committee member for Women in Learning and volunteers her time 
with groups such as Skype a Scientist and AISES. 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Poster Presenters 

Stand Presenter Affiliation Title

1 Kyle Kurkela Boston College Unique and Overlapping Contributions of Posterior Medial Network Nodes to 
Predicting Recollection Outcomes

2 Payal Arya Wellesley College Older and newer memories activate distinct brain regions in birds raised with two 
tutors

3 Rose Cooper Boston College Probing intra-network dynamics of the posterior medial system during episodic 
memory retrieval

4 Ryan Bottary Boston College REM sleep enhances emotion‑relevant recapitulation

5 Caroline David University of 
Massachusetts Boston

Steroid-independent spatial working memory is associated with steroid-
independent male sexual behavior in B6D2F1 male mice

6 Paula Brooks Boston College/ 
Princeton University

Investigating the impact of memory reactivation on the successful forgetting of 
negative memories

7 Alexandra 
Dubinsky

Harvard Medical School Transcriptional Changes in Cortical Regions Underlying a Strategy Change

8 Eliza Greiner Boston College Fos Expression in Central Amygdala following Novel Food and Context Exposure

9 Kalpana Acharya Wellesley College Estradiol-mediated protection from diet-induced obesity in female mice is 
associated with changes in gut microbiota

10 Jillian Lee & Nora 
Sheehan

Boston College Dorsal raphe 5-HT involvement in -PE fear updating

11 Alexa LaBanca & 
Andrew Thomson

Boston College A role for the nucleus accumbens core in adaptive fear scaling

12 Patricia Rubio 
Arzola

Northeastern University The role of VTA‐infralimbic circuits in mediating estrous‐dependent fear extinction 
learning

13 Mackenna Mejdell 
& Kylie Huckleberry

Northeastern University Sex-specific reversal of context generalization in cued fear conditioning by TRPV1 
antagonist

14 Mahsa Moaddab Boston College Early adolescent adversity inflates periaqueductal gray/dorsal raphe cue 
responding but diminishes threat signaling in female adult rats

15 Cesar Diaz Boston University Prophylactic (R,S)-ketamine Protects Against Fear Overgeneralization

16 Andrew Bartlett University of 
Massachusetts Boston

Glucocorticoid-dependent regulation of B2 SINE expression

17 Jordan Abettan Northeastern University Comparative effects of diverse acute stressors on dendritic spines in the male rat 
amygdala and prefrontal cortex

18 Amanda Speno MCPHS University A Systematic Review of Environmental Enrichment Housing in the Animal 
Laboratory

19 Isaac Ashton University of 
Massachusetts Boston

Exploring Polygenic and Environment Interactions on Social Cognition

20 Ryland Roderick MCPHS University Environmental influences on placental programming and offspring outcomes 
following maternal immune activation

21 Lauren Thompson University of Rhode 
Island

Executive Functioning in College Students with Comorbid Anxiety and Depression 
Symptoms

22 Kelsea Gildawie Northeastern University Effects of maternal separation paired with juvenile social isolation on adult 
anxiety-like behavior and perineuronal net-ensheathed parvalbumin interneurons 
in male and female rats

23 Xin Zhao MCPHS University Environmental enrichment rescues the effects of maternal immune activation on 
behaviors and synaptic markers of plasticity in female rats

24 Leah Strahs Massachusetts General 
Hospital

Single-neuronal differences in social encoding between male and female mice 
during social competition

25 Craig Poskanzer Boston College Using fMRI to model nonlinear interactions between brain regions

26 Mariusz Furmanek Northeastern University Grasp responses to mechanical perturbations of reach

Stand
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27 Emily Schwartz Boston College Investigating the emergence of expression representations in a neural network 
trained to discriminate identities

28 Emma 
Mastrobattista

Massachusetts General 
Hospital

Prefrontal mechanisms for tracking group behavior, reputation, and identity during 
three-agent interactions in macaques

29 Mihye Choi University of 
Massachusetts Boston

Do Bilinguals and Musicians Have Better Sensitivity to Distributional Learning of 
Non-native Phonemes?

30 Kaleb Kelley Harvard Medical School Spatial frequency alters axis selectivity in mouse dorsal lateral geniculate nucleus

31 Shushi Kabu Novartis Institute for 
Biomedical Research

Effects of NMDA Receptor Antagonism on Mismatch Negativity in Rodents

32 Benjamin Sanders Massachusetts General 
Hospital

Neuronal basis for the collective behavior and influence of social groups

33 Mengting Fang Boston College Artificial neural networks reveal multivariate integration of information across 
different brain regions

34 Brooke Plotkin University of 
Massachusetts Boston

Cytokine Alterations Differentially Influence Context-Dependent Amphetamine 
Locomotor Sensitization in Female Long Evans Rats

35 Claire Davidson Tufts University Transgenerational Gene by Environment InteractionIn Distinct Strains of Morphine 
Exposed Mice

36 Jacob Beierle Boston University Nearly isogenic BALB/cJ and BALB/cByJ substrains differ in opioid state 
dependent learning, spontaneous withdrawal, and weight loss in response to 
oxycodone: Planning a reduced complexity cross.

37 Jessica Babb Harvard Medical School/
VA Boston Healthcare 
System

Exploring the impact of biological sex on oxycodone place conditioning behavior 
in male and female rats

38 Pankhuri Walia Cummings School of 
Veterinary Medicine at 
Tufts University

Decreased Cocaine but Increased Opioid Reward in Offspring of Males Exposed 
to Morphine during Adolescence

39 Qiu Ruan Boston University 
School of Medicine

Striatal transcriptome-wide profiling of hnRNP H RNA-binding targets via CLIP-
seq in response to methamphetamine

40 Marlyn Torres Novartis Institutes for 
BioMedical Research

Illuminating the Brain: Developing an Integrated Optogenetic-EEG System

41 Cynthia Schofield Massachusetts Institute 
of Technology

Investigating methods for improved striosome labeling during early neurogenesis 
for functional cell-tracking studies in vivo

42 Delaney Teceno Tufts University Rat Behavioral Changes Due to Implanted Striatal Magnetic Particles Activated 
with Externally-Applied Magnetic Fields

43 Robert Brown R A Brown Technologies Pulse width modulation - the language of the brain

44 Ian Mahar Boston University Pathological correlates of depressive and suicidal phenotypes across brain 
regions in chronic traumatic encephalopathy

45 Paula Lara Mejia Massachusetts General 
Hospital/Harvard 
Medical School

fMRI cerebrovascular responses in chronic fatigue syndrome: Preliminary findings

46 Robin Striar The A.A. Martinos 
Center; MGH

The investigation of epigenetic mechanisms in vivo in Parkinson’s Disease patient 
brains quantified by non-invasive PET imaging using a PET/MR

47 Alexis Sotelo Boston University 
School of Medicine

Comparison of 11.7T ex vivo with 3T in vivo MRI signal intensity of the 
hippocampus of wild-type, Tau, and PSEN1 individual mice: A pilot study.

48 Sydney Brumfield Massachusetts General 
Hospital

Assessing neuroinflammation in myalgic encephalomyelitis/ chronic fatigue 
syndrome patients by using a dual MR-PET scanner to correlate magnetic 
resonance spectroscopy and PBR28 radioligand signals

49 Aaron Bradford Regis College Effects of early anti-inflammatory treatment and timing of working memory training 
on long-term cognitive outcomes in a model of neonatal hypoxia-ischemia

50 Bryant Chang Boston University 
School of Medicine

Prevalence, etiology, and treatment of sleep disorders in autism spectrum disorder

Presenter Affiliation TitleStand
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Poster Abstracts 
STAND 1 
Unique and Overlapping Contributions of Posterior Medial Network Nodes to Predicting Recollection 
Outcomes 
Kyle Kurkela, BA & Maureen Ritchey, PhD 
 Recollection-based memory has been associated with activity in a set of medial temporal and posterior 
medial (PM) regions collectively referred to as the core recollection network. Although the activity and 
connectivity of PM regions has been shown to reliably distinguish between successful and unsuccessful 
episodic retrieval, it remains unknown how these regions complement and/or interact with another to predict 
memory success. In this study, we aim to disentangle the unique and overlapping contributions of PM regions 
to predicting memory outcomes during retrieval. To do so, we performed a univariate decoding analysis by 
iteratively building logistic regression models and testing the accuracy of their predictions using a leave-one-
trial-out cross validation procedure. Importantly, we performed the decoding analysis using a combinatorial 
region of interest (ROI) approach, testing the predictive power of mean BOLD activation in each PM region 
both in isolation and in all possible combinations. The combinatorial approach allowed us to test for both 
redundancy and complementary effects on prediction for all subsets of nodes within the network. That is, for 
each combination of regions, we tested whether the nodes were informationally redundant with one another 
(i.e., they made the same contribution to predicting recollection outcomes) or whether they were 
complementary to one another (i.e., each region conferred unique prediction benefits). Results suggest that 
PM network regions play complementary roles in supporting memory recollection, such that mean activation 
across combinations of nodes supports the most accurate prediction of recollection success.  
episodic memory, fMRI, recollection 

STAND 2 
Older and newer memories activate distinct brain regions in birds raised with two tutors 
Payal Arya, PhD, Stela Petkova, Praveen Kulkarni, PhD, Nancy H. Kolodny, PhD, Sharon M.H Gobes, PhD 
 Sensory experiences during early development shape cognitive functions such as language acquisition 
in humans or song acquisition in songbirds (Hensch, T. K., 2005, Sanes, D. H. & Bao, S., 2009). Like humans, 
zebra finches (Taeniopygia guttata) must learn their vocalizations from another conspecific adult during a 
critical period. Zebra finch males acquire an auditory memory of the song of an adult tutor early in 
development. Later in development, through vocal practice and trial and error learning, they develop their 
own unique song . When exposed to two different tutors sequentially, zebra finches are able to learn and 
imitate the song from a second tutor (Yazaki-Sugiyama and Mooney, 2004). However, we do not know how 
plasticity in the neural substrate for song learning can support sequential memory formation for two song 
models.  
 In this study, we performed functional MRI to trace changes in the neural substrate for tutor song 
memory throughout development. Juvenile zebra finches were exposed to two tutors: the first tutor until 30 
days post hatching (dph), which is during the sensory acquisition phase, and the second tutor at 55-65 dph, 
during the sensory-motor learning phase. The BOLD fmri response of anesthetized birds in response to songs 
from both tutors was recorded at 55dph just before the introduction of the second tutor, and at 90dph when 
the birds had developed their own song. In 55 day old juveniles, we found neural activation for songs from the 
first tutor in the left caudolateral nidopallium (NCL), and a bilateral response in the primary auditory region 
Field L in response to the song of the second—still unfamiliar--tutor. At the end of development (90dph), we 
found left-dominant brain activation in response to songs from the second tutor in secondary auditory regions. 
In response to the song from the first tutor, activation was left dominant in the primary auditory region Field L.  
Our data show that distinct parts of auditory cortex are activated by playback of songs from two different 
tutors, suggesting that older and newer memories may be processed in different brain regions.  
memory, songbird, language, zebra finch 
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STAND 3 
Probing intra-network dynamics of the posterior medial system during episodic memory retrieval 
Rose Cooper, PhD; Maureen Ritchey, PhD 
 Episodic memory retrieval reliably engages a ‘core recollection’ network of medial temporal and 
posterior medial (PM) brain regions, which show concurrent increases in activity and functional communication 
during the reconstruction of rich, multi-sensory information. Despite the fact that much research has 
consistently demonstrated these neural effects, it remains unknown how intra-network dynamics of the 
hippocampal-PM system operate to support the retrieval of complex past events. Here, we probe the specific 
pattern of PM connections that change during memory retrieval and uncover the region and connection 
dependencies that shift when we remember previous experiences. We analyzed functional magnetic 
resonance imaging data from two datasets, both of which involve episodic memory tasks wherein participants 
retrieve or construct events in an MRI scanner. Analyses were conducted by calculating the background 
functional connectivity of six PM brain regions during these tasks. Overall network structure was stable 
between the two datasets, with reliable subsystems detected. Whereas precuneus was particularly influential in 
the network during the retrieving of specific visuo-spatial details, posterior cingulate and posterior 
hippocampus accounted for more variance in network connectivity during the construction of events. We 
further found that connections involving posterior hippocampus were the most flexible in the system during 
episodic memory tasks, demonstrating the highest reorganization depending on the specific task demands. 
Therefore, hippocampal connections might be important for guiding the flow of information during episodic 
retrieval. Together, these analyses provide the first step towards a model of how complementary core 
recollection network processes facilitate the mental reconstruction of events.  
memory, brain networks, FMRI 

STAND 4 
REM sleep enhances emotion-relevant recapitulation 
Ryan M. Bottary, BS; Sarah M. Kark, PhD; Ryan T. Daley, BA; Jessica D. Payne, PhD; Elizabeth A. Kensinger, PhD 
 Memory is biased toward the retrieval of negative content over neutral content, an effect augmented 
by REM sleep. Extent of neural overlap from encoding to retrieval (i.e. recapitulation) is independently 
associated with emotional memory retrieval, yet the interaction between this process and REM sleep remain 
unknown. Here, we aimed to understand how REM sleep and emotion-relevant recapitulation interact to 
influence retrieval of negative memories. 
 Twenty-two healthy young adults completed (during 3T fMRI scanning) an incidental encoding task 
followed by a surprise recognition memory task 24 hr later, following a night of polysomnographically-
recorded sleep. At encoding, participants viewed line drawings of negative, neutral and positive images that 
were each immediately followed by a corresponding full-color photo. At recognition, participants viewed both 
novel and previously seen line drawing, then rated the vividness of their memories for the original 
corresponding full-color photo. Memory for each valence category was measured using d-prime (d’ = z[hit 
rate] - z[false alarm rate]). fMRI-derived activity for encoding and encoding-recognition overlap (i.e. 
recapitulation) was extracted in the following way: subject-level activation maps for the contrast hits-misses 
was determined for each valence category during encoding. An explicit mask for encoding activation was then 
applied to recognition maps. The ratio of the sum of voxels engaged at encoding to those re-engaged during 
retrieval (recap%) was then calculated for each valence category. Finally, singular values for emotion-relevant 
recapitulation were created by separately subtracting neutral recap% from negative and positive recap%.  
Linear regression models revealed that REM sleep and recapitulation interacted to influence negative item 
recognition. The same result was not observed for positive or negative memories. Our findings support REM 
sleep’s role in both emotional memory retrieval and the extent to which emotional memory-relevant 
recapitulation occurs. Implications, including memory reorganization or pruning will be discussed. 
sleep, memory, emotion, recapitulation 
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STAND 5 
Steroid-independent spatial working memory is associated with steroid-independent male sexual behavior in 
B6D2F1 male mice 
Caroline D. David, BA; Brianna N. Wyrosdic, BA; HoYin Wan, BA; Shewit Yitbarek; Jin Ho Park, Ph.D.  
 In rodents, gonadal steroids play a critical role in the modulation of a wide array of behaviors, including 
social interaction and cognitive performance. Animals generally experience a reduction or complete inhibition 
of male sexual behavior following castration. Similarly, castration is associated with decreased performance of 
spatial, working, and reference learning and memory in males of many species; administration of replacement 
steroids, including testosterone or estradiol, increases performance on a variety of cognitive tests to levels 
observed prior to castration. However, between individuals and across species, the role of steroids on these 
behaviors is highly variable. In a prior study in our lab, two proteins involved in cognitive behavior, amyloid 
precursor protein and tau, were shown to play a significant role in steroid- independent male sex behavior in 
B6D2F1 hybrid male mice. Thus, we used this mouse model, in which a large proportion of the males retains 
the complete repertoire of male reproductive behavior long after castration, to probe a potential relationship 
between steroid-independent male sexual behavior and steroid-independent cognition. After identifying 
males as either “maters” (retaining steroid-independent male sex behavior) or “non-maters,” animals were 
tested in an 8- arm radial arm maze. Maters outperformed non-maters in the number of errors committed 
during the maze (p < 0.01). We also observed a trend that maters completed the maze more quickly than non-
maters (p < 0.10). Our data demonstrate that retention of male sexual behavior and cognitive performance in 
the absence of gonadal steroids may be linked and warrant further investigation into potential mechanisms 
underlying these behaviors. Specifically, we plan to further investigate the role of amyloid precursor protein 
and microtubule associated protein tau in the hippocampus. Furthermore, we found that the animals’ weight 
had a group-specific effect when predicting number of errors and was included as a covariate in 
corresponding analyses. These results indicate that the predictive value of weight may reflect different 
responses to food deprivation or greater motivation to seek food rewards in the maze, identifying additional 
future routes of inquiry and compelling us to compare expression of genes involved in metabolism, such as 
leptin receptor b (Ob-Rb), and genes related to motivation, such as dopamine receptor 2 (D2R).  
male sexual behavior; spatial working memory; gonadal steroids 

STAND 6 
Investigating the impact of memory reactivation on the successful forgetting of negative memories 
Paula P. Brooks, MA.; Justin Hulbert, PhD; Arlene Lormestoire, BA; Maureen Ritchey, PhD; Kenneth Norman, 
PhD 
 What causes the suppression of negative memories to succeed or fail? Multiple studies have 
demonstrated memory suppression effects using the think/no-think paradigm (Anderson & Green, 2001), while 
others have failed to replicate these findings (Bulevich, Roediger, Balota, & Butler, 2006; Hertel & Mahan, 
2008). In this study, we are testing a theoretical explanation that might help to explain some of the variability in 
memory suppression effects found in the literature. In this functional magnetic resonance imaging (fMRI) study, 
we propose that differences in memory reactivation strength might lead to variability in memory suppression 
effect. This is inspired by the nonmonotonic plasticity hypothesis (NMPH) which postulates a U-shaped 
relationship between memory reactivation and change in memory strength (Detre, Natarajan, Gershman, & 
Norman, 2013; Ritvo, Turk-Browne, & Norman, 2019): Moderate memory reactivation should lead to memory 
weakening whereas strong memory reactivation should lead to strengthening and no memory reactivation to 
no change relative to baseline. The NMPH could help explain why some memories are especially challenging 
to suppress, as it might be difficult to stop them from being strongly reactivated, which would lead to memory 
strengthening (and not weakening). Furthermore, this hypothesis allows us to consider individual variability 
(e.g., depression level) that might impact memory reactivation and thus influence memory suppression 
success. Human memory, functional magnetic resonance imaging 
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STAND 7 
Transcriptional Changes in Cortical Regions Underlying a Strategy Change 
Alexandra C. Dubinsky; Daniel R. Hochbaum, PhD; Gil Mandelbaum, PhD; Keira M. Robertson, BS; Hannah 
Farnsworth, BS; Bernardo L. Sabatini, MD, PhD 
 The brain is constantly adapting to changes in the environment, changing behavioral output to 
relevant context. In reward motivated behavior, when context is changed and the current behavioral strategy is 
no longer optimal to receive a reward, the subject is incentivized to adopt a new strategy. How the brain 
enables this behavioral adaptation remains unknown. Here we present a head-fixed mouse behavior where a 
change in context—without introduction of new sensory stimuli or a change of stimulus-reward contingencies—
results in an internally-driven change in behavior that can be experimentally observed. Currently, we are using 
immunohistochemistry to observe brain wide changes in activity-dependent transcription factors before, 
during, and after the transition between distinct strategies, with preliminary evidence suggesting the 
involvement of frontal cortical regions. This is supported by the fact that injecting anisomycin into frontal 
cortical regions results in a longer transition period between strategies. We anticipate that these observed 
changes may uncover brain regions responsible for the behavior modulation needed to adapt to changes in 
context.  
context, strategy, behavior, transcription  

STAND 8 
Fos Expression in Central Amygdala following Novel Food and Context Exposure 
Eliza M Greiner, BS; Gorica D Petrovich, PhD 
 Novel foods and novel environments impact consumption, but there is very limited research into how 
the two interact, and whether there are sex differences. Our prior work showed consumption differences 
between male and female rats when presented with a novel food in a novel context, with females showing 
sustained, suppressed consumption throughout testing. Therefore, we sought to determine whether there are 
neural activation differences in males and females following novelty exposure. Following 20hr acute food 
deprivation, male and female Long Evans rats (n=8 per group) were tested for consumption in either their 
home cage or in a novel context and were given either a familiar (rat chow) or novel (Test Diet pellets; TD) 
food. Rats were perfused 90 minutes after the start of testing and their brains tissues were 
immunohistochemically processed for Fos protein detection. Due to the role of the central amygdala (CEA) in 
mediating consumption we focused our initial analysis on its subregions. Consumption patterns across 
different groups matched patterns in our previous study, with home cage tested groups given familiar food 
consuming more than novel context tested groups who received novel food (F(7,56)=6.523, p<0.001). 
Preliminary analysis (n=4 per group) of Fos induction found significantly greater number of Fos-positive 
neurons within the CEA in rats given TD in home cage than all other groups (F(3,76)=8.081, p<0.001), with the 
least number of Fos-positive neurons in the group that was given rat chow in a novel context. The medial 
portion of the CEA alone had a similar pattern, with significantly higher number of Fos-positive neurons in the 
home cage tested TD group than the novel context tested rat chow group (p<0.001). However, activation 
patterns in the capsular region of the CEA (CEAc) were distinct and there was greater Fos induction in the 
novel context tested rats who received TD compared to rats who experienced both familiar food and familiar 
environment (p<0.001). These results suggest that a novel food in a familiar environment leads to an overall 
increase of Fos induction in the CEA. The alternative pattern in the CEAc indicates that the different subregions 
of the CEA may mediate distinct aspects of novelty processing depending on the stimulus type.  
novelty, sex differences, consumption 
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STAND 9 
Estradiol-mediated protection from diet-induced obesity in female mice is associated with changes in gut 
microbiota  
Kalpana Acharya, PhD; Madeline Graham, BA; Hye Lim Noh, PhD; Sujin Suk, PhD; Randall Friedline, PhD; Jun 
Chen, PhD, Jason Kim, PhD; Marc Tetel, PhD 
 A decrease in estrogens in postmenopausal women increases their risk of adiposity and predisposes 
them to cardiovascular disease, type 2 diabetes, chronic inflammation, and cancer. Similarly, in female rodents, 
loss of estrogens by ovariectomy and high fat diet (HFD) feeding increases food intake, attenuates physical 
activity and causes obesity. In addition to estrogens, gut microbiota are also implicated in energy homeostasis. 
In the current study, we investigated if estrogens alter gut microbiota and if these changes are linked to 
estrogen-mediated protection from obesity. Ovariectomized adult C57BL6/J mice received implants 
containing estradiol (E2; 50 µg) or vehicle (Veh) (n=6/group). Mice were fed a standard diet (SD) for the first 
two weeks and then fed a HFD for four weeks. Fresh fecal samples were collected during SD and HFD for 16S 
rRNA gene sequencing. Effects of E2 and HFD on longitudinal metabolic changes, including food intake, 
energy expenditure, and physical activity, were measured using metabolic cages. Plasma glucose, cytokines 
and hormones, including insulin, leptin, and resistin, were measured during SD and HFD. Insulin sensitivity and 
glucose metabolism were measured using hyperinsulinemic clamp in awake mice. Tissue-specific muscle 
glucose uptake and triglycerides were also measured. E2 treatment protected ovariectomized mice from HFD-
induced obesity, primarily by increasing energy expenditure, physical activity, insulin sensitivity, and glucose 
utilization. Parallel changes in microbial communities were observed as an effect of both E2 and HFD. E2 
increased the phylum Verrucomicrobia and its genus Akkermansia, implicated in mucin degradation and 
maintenance of healthy gut epithelial barrier. Veh mice showed greater abundances in the families 
Clostridiaceae (during both diets), and Erysipelotrichaceae and Streptococcaceae (during HFD only). HFD 
profoundly affected microbiota by reducing microbial richness and increasing evenness. HFD also increased 
multiple taxa, including Bacteroides (phylum Bacteroidetes), Clostridia (phylum Firmicutes), and Coriobacteria 
(phylum Actinobacteria), which are linked to HFD-induced weight gain in humans. We also observed that body 
weight and plasma glucose correlated with alterations in gut microbiota community. In summary, the current 
findings suggest that E2-mediated protection against diet-induced obesity and metabolic dysregulation are 
dependent on changes in gut microbiota. Currently, we are analyzing correlations between specific metabolic 
and microbial changes to understand how these factors could affect each other. These results may provide 
important insights in the development of potential microbial targets for the treatment of metabolic 
dysregulation in women. 
microbiome, estrogen, glucose metabolism 

STAND 10 
Dorsal raphe 5-HT involvement in -PE fear updating 
Jillian K. Lee*; Nora M. Sheehan*; Rachel A. Walker, MA; Rebecca L. Suthard, BS; Taylor Perison, BS; Eghosa K. 
Enabulele, BS; Madelyn H. Ray, MA; Alyssa DiLeo, BA; and Michael A. McDannald, PhD 
 Serotonin (5-HT) is a widely functioning neuromodulator that has been implicated in fear learning. The 
dorsal raphe nucleus (DRN) contains the largest population of serotonergic neurons in the central nervous 
system, and previous research has suggested a role for this region in aversive prediction error signaling. 
Prediction errors are important learning signals generated when the outcome of an event is different than 
expected. In aversive settings, positive prediction errors (+PEs) increase fear whereas negative prediction 
errors (-PEs) decrease fear upon future encounters with the predictor. Using optogenetics to causally 
manipulate DRN 5-HT, we investigated whether these neurons are necessary for fear updating via prediction 
error signaling. Adult male and female tph2-cre transgenic rats received infusions of either cre-dependent 
halorhodopsin or a cre-YFP control fluorophore in the DRN, and optical ferrules were bilaterally implanted just 
above the infusion sites to allow for delivery of 532 nm light. All rats underwent 12 sessions of fear 

NeuroBoston 2019 Complete Program �10



discrimination training during which three auditory cues were associated with different probabilities of foot 
shock: safety p=0.00, uncertainty p=0.25, and danger p=1.00. This task was designed such that it requires the 
use of prediction errors to demonstrate appropriate fear, specifically for the uncertainty cue. We then inhibited 
5-HT neurons in the DRN during +PE (uncertainty-shock trials) and -PE (uncertainty-omission trials) periods 
during two separate manipulations. Inhibition at the time of shock did not alter cued fear, but inhibition at the 
time of shock omission led to greater post-illumination extinction of the uncertainty cue. These results suggest 
that DRN 5-HT is not involved in +PE signaling but is involved in -PE fear updating. The data further indicate 
that serotonergic neurons in the DRN are likely not the source of -PE generation but rather implicated in the 
behavioral expression of these signals.  
fear conditioning; serotonin; prediction error 

STAND 11 
A role for the nucleus accumbens core in adaptive fear scaling 
Alexa LaBanca*; Andrew L. Thomson*; Madelyn H. Ray, M.A.; Alyssa N. Russ, B.S.; & Michael A. McDannald, 
PhD. 
 Environmental threats exist on a continuum from unlikely to certain. Adaptive behavior requires fear to 
scale to the level of threat. In two experiments, we determined the role of the nucleus accumbens core (NAcc) 
in adaptive fear scaling. In experiment 1, male Long Evans rats received bilateral neurotoxic NAcc lesions, 
permanently ablating NAcc neurons, or sham surgery, leaving NAcc neurons intact. In experiment 2, male Long 
Evans rats received bilateral NAcc viral infusions of either halorhodopsin (Halo; AAV-hSyn-eNpHR3.0-EYFP) or 
a control fluorophore (YFP; AAV-hSyn-EYFP) and optical ferrules dorsal to the NAcc. Following recovery, rats 
were trained to nose poke for food pellets then underwent Pavlovian fear discrimination in which three 
auditory cues were associated with unique foot shock probabilities: danger (p = 1.00), uncertainty (p = 0.25), 
and safety (p = 0.00). Fear was measured using suppression of rewarded nose poking. In experiment 1, rats 
underwent sixteen sessions of Pavlovian fear discrimination. Sham rats acquired excellent fear discrimination, 
showing high fear to danger, intermediate fear to uncertainty, and low fear to safety. NAcc lesioned rats failed 
to show the same degree of discrimination, exhibiting decreased fear to danger and increased fear to safety. 
This pattern was most evident when assessing fear in the first 2-s of cue onset. While shams showed evidence 
of discrimination in ~600-ms, such discrimination was not observed in NAcc rats until nearly 2-s. In experiment 
2, YFP and Halo rats underwent 10 sessions of Pavlovian fear discrimination, two sessions of cable habituation, 
and eight sessions of laser illumination. The final eight sessions consisted of alternating two session blocks of 
cue illumination or ITI illumination (12.5mW – 532 nm light). During habituation and ITI illumination, YFP and 
Halo rats showed rapid, adaptive discrimination to the three cues. During cue illumination, only YFP rats 
achieved adaptive fear scaling. NAcc inhibition during cue presentation resulted in increased fear to safety and 
an inability to discriminate between safety and uncertainty only in Halo rats. Congruent with experiment 1, this 
pattern was specific to the first 2-s of cue onset. The results demonstrate an integral role for the NAcc in 
acquisition and expression adaptive fear scaling. 
accumbens, fear conditioning, striatum 

STAND 12 
The role of VTA-infralimbic circuits in mediating estrous-dependent fear extinction learning 
Patricia Rubio Arzola, BS; Nathaniel Shepard, Rebecca Shansky, PhD 
 Post-traumatic stress disorder (PTSD) is characterized by excessive fear to stimuli that no longer 
predict an aversive situation and is more than twice as likely to occur in women than in men. Extensive research 
has been done to understand fear extinction in rodents, yet most of these studies have only used male rodents. 
The few relevant studies that do include female subjects have revealed that there are clear sex differences in 
fear extinction. Considering that PTSD is more prevalent in women, it is imperative to investigate the neural 
circuits underlying fear extinction in females. Several studies have revealed that estrogen has an effect on 
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learning. Specifically, estradiol has been shown to facilitate extinction through estrogen receptor ER-β 
activation and elicits an increase of c-fos in the infralimbic cortex (IL). However, whether estrogen affects 
extinction through direct actions in the IL or through upstream brain regions that target the IL has not been 
investigated. One intriguing possibility is that estrogen might have a modulatory effect on the IL through its 
interactions with dopamine (DA). Previous studies in our lab have shown that administering a D1 receptor 
agonist improved the extinction of females with low estrogen. Furthermore, it has been noted that DA VTA cells 
projecting to the prelimbic cortex (PL) contain estrogen receptors ER-β but not ER- α, yet no one has looked 
at estrogen receptor expression in VTA projections to IL. We hypothesize that estrogen promotes fear 
extinction by selectively activating dopaminergic VTA neurons that project to the IL (VTA- IL). We further 
predict that this activation occurs via actions at ER-β. To test this, we first injected CTB-555 bilaterally into IL 
and, after 2 weeks, began a 2-day fear conditioning and extinction paradigm. After fear extinction, rats were 
sacrificed and VTA slices were collected and used immunofluorescence to co-labeled for c-fos and tyrosine 
hydroxylase (TH) to identify activated dopaminergic neurons. We then used fluorescent microscopy to examine 
overlap between these markers and CTB-555 and quantified the relative recruitment of VTA-IL neurons. 
Additionally, we assessed which estrogen receptor was necessary for this by implanting bilateral cannulae into 
VTA and infusing with an ER-β antagonist before undergoing fear extinction. The following day, rats were 
tested on an extinction retrieval paradigm to assess the effects of the antagonist on extinction recall. Taken 
together, these data will help elucidate how estrogen and dopamine interact to improve fear extinction in 
females. 
extinction, dopamine, estrogen receptor 

STAND 13 
Sex-specific reversal of context generalization in cued fear conditioning by TRPV1 antagonist 
Kylie A. Huckleberry, Ph.D.*; Mackenna Mejdell*; Allison Winter; Michaela Fanikos; Ashna Singh; Nathaniel 
Shepard; Jose Colom-Lapetina, B.S.; Maria Morena, Ph.D.; Andrei S. Nastase, B.S.; Jordan Abettan, M.S.; 
Matthew N. Hill, Ph.D.; Rebecca Shansky, Ph.D. 
 Post-traumatic stress disorder (PTSD) costs the US as much as $2 billion per year, with as many as 
10.1% of the US adult population experiencing symptoms at some point within their lifetime. There is a marked 
gender disparity in PTSD diagnoses, with women comprising at least two-thirds of PTSD patient populations. 
Despite this imbalance, the majority of the literature on neural mechanisms that underlie PTSD comes from 
research in male model animals. One novel and under-explored mechanism for regulating activity in this circuit 
could be via local endocannabinoid (eCB) signaling. To explore the influence of eCBs on fear learning and 
memory, we systemically administered CB1 receptor antagonist AM251, both AM251 with TRPV1 antagonist 
Capsazepine, or vehicle to male and female rats prior to fear conditioning (FC) and tested their extinction the 
next day. Systemic AM251 administration prior to FC resulted in enhanced context generalization in females 
but not in males. Capsazepine reversed these effects and enhanced extinction in females but not in males. 
These data suggest that CB1 receptor signaling mediate sex differences in context processing. Because the 
hippocampus processes contextual information and provides valence to contexts via the ventral 
hippocampus’s (vHPC) connections to the basolateral amygdala (BLA), we predict that this generalization of 
fear reflects a failure of the BLA to integrate contextual information from the vHPC into the fear memory during 
conditioning. Using mass spectrometry, we evaluated anandamide levels immediately post-fear conditioning in 
the hippocampus, prefrontal cortex, and amygdala in a separate cohort of male and female rats and found a 
female-specific increase in hippocampal anandamide. We next replicated our original experiment in female 
rats but infused AM251 locally into the ventral hippocampus via cannula rather than via a systemic injection 
and sacrificed the animals after the generalization test to quantify generalization-induced c-fos expression in 
the BLA. There was no significant effect of vHPC AM251 infusion on generalization, but these data were 
confounded by heightened generalization in all groups, possibly due to cannula-induced damage in the vHPC. 
There was similarly no effect of vHPC AM251 infusion on c-fos expression in the BLA. Overall, these results 
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demonstrate sex differences in the neural mechanisms related to memory processes and associative learning, 
and point to a specific role for the endocannabinoid system in modulating context processing in the female 
brain.  
sex differences, PTSD, fear generalization, fear conditioning 

STAND 14 
Early adolescent adversity inflates periaqueductal gray/dorsal raphe cue responding but diminishes threat 
signaling in female adult rats 
Mahsa Moaddab, PhD; Kristina M. Wright, MS; Michael A. McDannald, PhD 
 Childhood adversity increases adult risk for stress and anxiety disorders. Adverse childhood 
experiences appear to reshape processing in neural circuits underlying emotional and behavioral processes, 
leaving these circuits impaired and vulnerable in later life. This work has historically focused on regions such as 
the amygdala, that are central to integrating environmental stimuli to signal threat probability. We recently 
reported that cue-excited ventrolateral periaqueductal gray (vlPAG) neurons signal threat probability, rather 
than fear output. We hypothesized that vlPAG dysfunction following early adolescent adversity (EAA) may 
contribute to latent vulnerability. Female Long Evans rats received a battery of discrete stressors during early 
adolescence. In adulthood, control (n = 8) and EAA (n = 12) rats were implanted with drivable microelectrode 
bundles just above the vlPAG and driven following each session, eventually reaching dorsal raphe (DR). Single-
unit activity was recorded while rats underwent fear discrimination, in which three auditory cues predicted 
unique foot shock probabilities: danger (p = 1.00), uncertainty (p = 0.375) and safety (p = 0.00). Control and 
adverse-experienced rats showed equivalent fear discrimination over recording sessions. In control and EAA 
rats, we identified neurons that were cue-excited, showing increases in firing to danger, uncertainty, or safety. 
Cue-excited neurons from EAA rats showed inflated responses to initial cue presentation and diminished 
signaling of threat probability. In addition, sessions in which robust discrimination was observed were 
characterized by stronger threat probability signaling in the vlPAG, but weaker threat probability signaling in 
the DR. Together, these findings highlight how early adversity results in inflated responses to threat-related 
cues in vlPAG/DR that may increase the susceptibility for aberrant threat-related behavior later in life. 
ventrolateral periaqueductal gray, early adolescent adversity, fear discrimination  

STAND 15 
Prophylactic (R,S)-ketamine Protects Against Fear Overgeneralization 
Cesar Diaz; Alessia Mastrodonato, PhD; Christine Ann Denny, PhD 
 The adolescent stage is a sensitive time period for brain development. During this phase, the brain’s 
high plasticity makes adolescents more susceptible to external factors, one of these being stress. Anxiety and 
mood disorders such as post-traumatic stress disorder (PTSD) and major depressive disorder (MDD) mainly 
stem from exposure to stress. Studies have shown that a single injection of (R,S)-ketamine, an NMDA 
antagonist, prior to stress protects against the development of depressive-like behavior and attenuates 
learned fear. However, most of these studies were conducted in post-natal day 60 (P60) adult mice. We sought 
to identify the neural correlates of fear in post-natal day 35 (P35) adolescent mice and which neural alterations 
correlate to fear generalization. In the experiment, ArcCreERT2 P60 and P35 mice were administered a pattern 
separation (PS) paradigm. The mice were then sacrificed, and their brains were processed on either day 3 (D3) 
or day 10 (D10) following context A or B exposures, respectively. Through cell quantification and hippocampal 
analysis, we saw that during the PS task, both groups of mice exhibited comparable levels of freezing following 
one-shock in the aversive context A. However, when compared to P60 mice, the P35 mice tend to over-
generalize fear. P35 mice distinguish between the two contexts on Day 8, whereas P60 mice distinguish 
between the two contexts starting on Day 6. This behavioral phenotype seems to be mainly mediated by CA3 
but not the Dentate Gyrus in the hippocampus. Our data indicate that P35 adolescent mice over-generalize 
fear when compared to P60 adult mice. It also reveals that the CA3 in the hippocampus is what mediates 
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contextual discrimination in these adolescent mice. In the future, these results encourage us to introduce 
ketamine to P35 adolescent mice. This would allow us to explore the mechanisms involved in fear 
generalization between P35 and P60 mice and if ketamine would have the same effect on them. 
ketamine, fear-generalization, PTSD 

STAND 16 
Glucocorticoid-dependent regulation of B2 SINE expression 
Andrew A. Bartlett, BA; Guia Guffanti, PhD; Richard G. Hunter, PhD 
 In response to perceived stress, several signaling cascades ultimately feedback on the central nervous 
system. The release of glucocorticoids during this cascade has been shown to act through the glucocorticoid 
receptor (GR) and affect stress sensitive regions of the brain. The function of GR as a ligand-dependent 
transcriptional regulator has been widely described and in this facet examined for changes in protein-coding 
genes. Far less is known of GR-dependent changes chromatin, specifically in non-coding stretches of the 
genome. Previous work has shown that acute stress is associated with increased histone H3 lysine 9 trimethyl 
(H3K9me3) in the hippocampus (Hunter et al., 2009). Specifically, this repressive mark has been shown to 
accumulate at retrotransposable elements thereby reducing expression following acute stress (Hunter et al., 
2012). The mechanisms by which acute stress selectively represses these elements remain unclear. We found 
that acute corticosterone treatment induced expression of both IAP-ERV and B2 SINE elements through GR 
activation. Further, serum-depletion following acute corticosterone treatment lead to accumulation of 
heterochromatic H3K9me3 at these elements and was associated with attenuated expression of both IAP-ERV 
and B2 SINE elements. Recently, we found a putative glucocorticoid response element as well as a degenerate 
GR-cofactor motif, ZBTB3, within the B2 SINE consensus sequence. We also found GR binding near B2 SINE 
elements increases following ligand activation. These findings suggest the capacity of the physiological stress 
response to dynamically regulate retrotransposon expression. Future directions include validating GR binding 
to B2 SINE elements as well as investigating the potential deleterious cellular effects of aberrant 
retrotransposon silencing by glucocorticoids.  
glucocorticoid receptor, transposon, epigenetics 

STAND 17 
Comparative effects of diverse acute stressors on dendritic spines in the male rat amygdala and prefrontal 
cortex 
Jordan A Abettan, MS; Nicole Moore, PhD; Kylie Huckleberry, PhD; Kevin Cravedi, MS; Isaac Jeong, BS; 
Rebecca Shansky, PhD 
 PTSD is a highly prevalent and complex psychiatric disorder that develops after exposure to a 
traumatic event. Rodent stress models have been extremely helpful in studying both the pathophysiology and 
circuitry implicated in this debilitating disease. In particular, lasting structural changes in the hippocampus, 
amygdala, and prefrontal cortex can occur after traumatic stress, but whether these changes are dependent on 
the type of stress itself is not known. Here, we examined the effects of two separate rodent stress models: 
underwater trauma (UWT) and acute predator exposure (APE) on dendritic morphology in three stress-
sensitive regions. We performed iontophoretic microinjections of fluorescent dye into neurons in the 
basolateral amygdala (BLA), and medial prefrontal cortex (mPFC) in both stress and control animals. Raw Z-
stack images of dendritic segments were acquired via confocal microscopy, and deconvolved prior to analysis 
for spine number and shape (thin or mushroom). This study will provide insight into the structural plasticity of 
these relevant regions with regards to traumatic stress, including whether different forms of trauma induce 
discrete patterns of plasticity 
dendritic spines, structural plasticity, morphology, fluorescence  
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STAND 18 
A Systematic Review of Environmental Enrichment Housing in the Animal Laboratory 
Speno A.V., Rainone, D.J., Tan, J.Y., Best, A.I., Roderick, R.C., Perez, V.N., Puracchio, M.J., & Kentner A.C., PhD 
 Environmental enrichment (EE) is a term generally described as a form of physical, sensory, or social 
stimulation that provides an enhanced experience compared to standard housing conditions. The EE 
paradigm is becoming increasingly prominent in neuroscience research due to substantial evidence that EE 
influences structural and functional changes in the brain. This popularity has promising implications for 
maximizing positive outcomes of rehabilitation and recovery in animal models of brain injury, 
neurodegenerative disease, and psychiatric disorders. Additionally, EE has shown to improve memory and 
learning and minimize the cognitive decline associated with aging. However, the increasing implementation of 
EE in experimental design has provoked debate over the inconsistent definitions and methodology of EE in 
the literature. There is concern as to the potential detrimental effects on the experimental replicability and 
validity because the variability in measures and outcomes proves difficult to compare across studies even for 
conspecifics. In the greater scheme of animal models in research, it is crucial to recognize the variability of EE 
across all species in order to identify any potential patterns of bias in experimental variables.  
 The purpose of this systematic review is to examine the scientific literature to determine how EE 
procedures may vary across all species and to identify how these differences pose as limitations to the rigor 
and reproducibility of the EE model. PubMed was searched in the period of the last five years and yielded 
2,428 articles. Currently, this project is in the process of analyzing the results of this search and coding the 
articles based on their relevance to the subject matter of interest (EE and Neuroscience). After the 2,428 
articles are scanned for inclusion in the second analysis, the resulting articles will be examined and coded for 
10 different variables such as, specific species, sex used for primary outcome measures and types of 
enrichment. Based off the timeline of this project, the first 100 articles that satisfy inclusion criteria were coded 
for all the variables. In this random sample size, alone, the results demonstrate patterns of biases that could 
potentially compromise the validity of the experimental results. Furthermore, the inconsistent methodology 
between EE studies impairs the reproducibility, which can generate doubt in the EE literature. Fortunately, 
there is ample amount of studies that adequately conduct rigorous and explicit EE protocols and contribute to 
the knowledge of how enriching animal housing, ultimately, improves animal welfare in neuroscience research. 
environmental enrichment, animal welfare, systematic review 

STAND 19 
Exploring Polygenic and Environment Interactions on Social Cognition 
Isaac Ashton, BS; Paul Nestor, Ph.D. 
 The diathesis-stress model has been used for understanding the etiology of psychiatric symptoms in 
the presence of predisposing gene variants for well over 50 years. However, most studies continue to study 
single gene by environment interactions, whereas the polygenic nature of phenotypic expression suggest 
interactions among multiple genes are likely in response to varying environments. To test for gene interactions 
in a diathesis stress paradigm, we used the candidate gene variants of the serotonin transporter protein (5-
HTTLPR) and Brain Derived Neurotrophic Factor (BDNF) along with the Adverse Childhood Experiences (ACEs) 
measure. Using the Reading the Mind in the Eyes Test (RMET) and NEO-FFI as proxy measures of social 
cognition along with gene assays from a sample of 97 healthy college students, we found significant gene x 
gene interaction whereby behavioral performance varied dependent upon specific allelic combinations. 
Carriers with the SERT “Short” variant (S/S, S/L) and BDNF Met variant (Met/Met, Met/Val) showed social 
cognition resistant to adverse childhood experiences, reflected by reduced neuroticism, whereas carriers of 
the SERT “Long” (L/L) and BDNF Val (Val/Val) variants showed lower levels of social cognition in response to 
ACEs, as reflected in significantly higher levels of neuroticism and lower levels of RMET and extraversion. This 
was in contradiction to previous single gene studies linking SERT short and psychiatric risk, suggesting that in 
this study the presence of BDNF Met may have had a “rescue” or protective effect in gene variant interactions. 
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Our findings illustrate the need for further polygenic studies of social cognition and environment features, 
including tests of the “plasticity gene” hypothesis, to explore the effects of positive childhood environments on 
these “risk” gene variants.  
diathesis stress, serotonin transporter, BDNF, social cognition 

STAND 20 
Environmental influences on placental programming and offspring outcomes following maternal immune 
activation 
Karen J. Núñez Estevez, MS; Alejandro N. Rondón-Ortiz; Jenny Q.T. Nguyen; Madeline Purrachio; Ryland C. 
Roderick; Amanda C. Kentner, PhD 
 Adverse experiences during pregnancy induce placental programming, affecting the fetus and its 
developmental trajectory. However, the influence of ‘positive’ maternal experiences on the placenta and fetus 
remain unclear. In animal models of early life stress, environmental enrichment (EE) has ameliorated and even 
prevented associated impairments in brain and behavior. Here, using a maternal immune activation (MIA) 
model in rats, we test whether EE attenuates maternal, placental and/or fetal responses to an inflammatory 
challenge, thereby offering a mechanism by which fetal programming may be prevented. Moreover, we 
evaluate life-long EE exposure on offspring development and examine a constellation of genes and epigenetic 
writers that may protect against MIA challenges. In our model, maternal plasma corticosterone and 
interleukin-1β were elevated 3 h after MIA, validating the maternal inflammatory response. Evidence for 
developmental programming was demonstrated by a simultaneous decrease in the placental enzymes 
Hsd11b2 and Hsd11b2/Hsd11b1, suggesting disturbances in glucocorticoid metabolism. Reductions of 
Hsd11b2 in response to challenge is thought to result in excess glucocorticoid exposure to the fetus and 
altered glucocorticoid receptor expression, increasing susceptibility to behavioral impairments later in life. The 
placental, but not maternal, glucocorticoid implications of MIA were attenuated by EE. There were also 
sustained changes in epigenetic writers in both placenta and fetal brain as a consequence of environmental 
experience and sex. Following MIA, both male and female juvenile animals were impaired in social 
discrimination ability. Life-long EE mitigated these impairments, in addition to the sex specific MIA associated 
disruptions in central Fkbp5 and Oprm1. These data provide the first evidence that EE protects placental 
functioning during stressor exposure, underscoring the importance of addressing maternal health and well-
being throughout pregnancy. Future work must evaluate critical periods of EE use to determine if postnatal EE 
experience is necessary, or if prenatal exposure alone is sufficient to confer protection. 
maternal immune activation 

STAND 21 
Executive Functioning in College Students with Comorbid Anxiety and Depression Symptoms 
Lauren Thompson, BS; Lisa Weyandt, PhD 
 Currently, there is limited empirical information available concerning the relationship between 
executive functions (EFs) and comorbid symptoms of anxiety and depression in the college student 
population. EFs have been defined as a set of consciously controlled cognitive processes that guide planning 
and goal-oriented behavior, and are necessary for everyday decision making and academic success (Diamond, 
2013; Weyandt, 2009). Impairments in EFs compromise a student’s ability to perform daily living and academic 
tasks, resulting in a lower grade point average (GPA) (Biederman et al., 2006; Cirino & Willcutt, 2017; Sheehan 
& Iarocci, 2015). Several studies have investigated the relationship between either depression or anxiety and 
executive function or GPA, with results demonstrating that college students with a mental health diagnosis 
show impaired EFs or GPA (Eisenberg, Ezra, & Hunt, 2009; Holmes & Silvestri, 2015). However, there is a 
paucity of research regarding the relationship between comorbid anxiety and depression symptoms, EFs, and 
GPA. Based on the available literature regarding college students with mental health diagnoses, I hypothesize 
that (1) students with symptoms characteristic of comorbid major depressive disorder and anxiety will self-
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report lower executive function performances and GPA than those with symptoms of either depression or 
anxiety alone, and (2) those with singular or comorbid symptoms will report lower executive function 
performances and GPA than those without symptoms of anxiety and/or depression. To test these hypotheses, 
undergraduate students will be recruited to complete self-report measures of EFs and anxiety and depression 
symptomology. Participants will complete the Behavior Rating Index of Executive Functioning, Adult version 
(BRIEF-A); the Major Depression Inventory (MDI); the Generalized Anxiety Disorder screener (GAD-7); and a 
demographic questionnaire that includes self-reporting GPA. The study is a between groups design, with 
degree of symptomology (no symptoms, singular symptomology, and comorbid symptomology) serving as the 
independent variable and reported GPA and EFs serving as the dependent variables. Proposed analyses 
include multivariate analysis of variance (MANOVA) with follow-up univariate analyses of variance (ANOVA) 
and Bonferroni corrections. 
executive functions; mental health; anxiety; depression 

STAND 22 
Effects of maternal separation paired with juvenile social isolation on adult anxiety-like behavior and 
perineuronal net-ensheathed parvalbumin interneurons in male and female rats 
Lilly Ryll; Jessica Hexter; Kelsea Gildawie, MS; Shayna Peterzell, BS; Jennifer Honeycutt, PhD; Heather 
Brenhouse, PhD 
 Exposure to early life adversity leads to behavioral and neurological dysfunction, and increased 
vulnerability to a multitude of neuropsychiatric and inflammatory disorders, such as depression, anxiety, and 
schizophrenia. Notably, clinical studies demonstrate an additive effect of adversity, where repeated stressful life 
events throughout childhood results in more severe neuropsychiatric symptoms. It is not understood, however, 
whether differential timing of later stressors alters the neurobiological consequences of early life adversity in a 
sex-dependent manner. Research demonstrates that the formation of perineuronal nets (PNNs) – which 
preferentially enwrap fast-spiking parvalbumin (PV)-expressing interneurons – is essential for proper 
neurodevelopment. PNNs exhibit delayed and protracted formation throughout the brain, gradually maturing 
from the postnatal time period through early adulthood. We have previously observed that adversity during 
developmental periods where PNNs are not yet fully formed could disrupt the formation of PNNs surrounding 
PV+ cells in the prefrontal cortex (PFC). To further investigate the later-life behavioral and cellular implications 
of multiple developmental stressors, male and female rat pups underwent maternal separation (MS) for 4 hours 
per day from postnatal day (P) 2-20 (or control rearing), followed by juvenile social isolation (SI) from P21-35 (or 
standard pair-housing). SI rats were then pair-housed with cage mates matched for sex, age, and experimental 
group until early adulthood (P70), when anxiety-like behavior was measured using the open field test and 
elevated zero maze. At P85, rats were perfused and brains were collected, cryoprotected, and sliced on a 
freezing microtome to 40 µm slices. Tissue sections containing the prelimbic (PL) and infralimbic (IL) PFC were 
stained using Wisteria floribunda agglutinin and anti-PV antibody. Z-stacks were obtained (6 stacks per section) 
using fluorescent microscopy in 3 consecutive sections of the PFC and the FIJI macro plugin PIPSQUEAK was 
used to quantify the number and intensity of PNNs, PV cells, and PNNs ensheathing PV cells. We present 
findings elucidating the association between adult PFC PNN dysfunction and enhanced anxiety-like behavior 
following multiple instances of adversity throughout development. These data provide critical information 
regarding the differential windows of vulnerability to chronic stress exposure in males and females, which have 
the potential to aid in the development and application of interventions for children who have experienced 
early life adversity. 
maternal separation, anxiety, perineuronal nets, parvalbumin 
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STAND 23 
Environmental enrichment rescues the effects of maternal immune activation on behaviors and synaptic 
markers of plasticity in female rats 
Xin Zhao, PhD; Alejandro Rondón-Ortiz, MS; Amanda Kentner, PhD 
 Maternal immune activation (MIA) has been identified as a significant risk factor for 
neurodevelopmental disorders. Using an animal model of MIA, we have previously demonstrated the potential 
of environmental enrichment (EE) to rescue and promote resiliency against MIA-associated disruptions in brain 
and behavior. The current study further investigated the rehabilitative potential of EE in female rats, which is 
important given its translational potential for use in clinical settings. In the current study, female Sprague-
Dawley rats were administered either the inflammatory endotoxin lipopolysaccharide (LPS; 100 μg/kg) or 
saline (equivolume) on gestational day 15. On postnatal day 50, offspring were randomized into one of three 
conditions: EE (group housed in a large multi-level cage with novel toys, tubes and ramps), Colony Nesting 
(CN; socially-housed in a larger cage), or Standard Care (SD; pair-housed in standard cages). Six weeks later 
we evaluated behavior in the object-in-place task and social interaction test. Plasma samples, amygdala, 
hypothalamus, hippocampus and prefrontal cortex (n = 7-8 per group) were collected afterwards for ELISA or 
qPCR analyses. Consistent with what we found in males, MIA disrupted female’s performance in the object-in-
place task; such a disruption was reversed by EE, but not by CN, which was effective in males. MIA did not 
influence female’s social behaviors, which were promoted by EE and CN. EE exposure also dampened the 
increase in the plasma corticosterone level following MIA. On the neurophysiological level, gene expression in 
response to MIA and environmental complexity was more sensitive in the amygdala compared to other brain 
regions. MIA downregulated expression of several genes associated with resiliency against early-life stressors 
(e.g. NR2B) and synaptic plasticity (e.g. EAAT1-3). Among these genes, the downregulation of EAAT2 in the 
amygdala was mitigated by exposure to CN and EE, indicating a potential gene target for the reversal of 
associated MIA effects.  
maternal immune activation, environmental enrichment, object-in-place, social behavior 

STAND 24 
Single-neuronal differences in social encoding between male and female mice during social competition  
Leah Strahs; Songjun William Li , BA; Ziv Williams, MD 
 Males and females perceive and respond to social information differently, a property that plays a 
powerful role in the behavior of both animals and humans. Whether or how social information is encoded 
differently in males and females at the single-cell level, however, is largely unknown. A common example of 
sexual dimorphism manifests in the way individuals interact within groups or how they compete for resources. 
It can also be seen in psychosocial conditions such as Autism Spectrum Disorders. Here, we investigated the 
single-neuronal encoding mechanisms by which males and females may differ by using a mouse model of 
group competition for which we developed a novel competitive foraging assay. Behavioral results from males 
showed a highly positive correlation between competitive success and hierarchical rank when competing for 
resources within groups. Females, by contrast, demonstrate little relation between social rank and competitive 
success. We also demonstrate that males and female utilize differing social strategies to obtain a limited 
resource in a competitive environment. Building on these behavioral findings, we next performed single-
neuronal recordings in the animal’s dorsomedial prefrontal cortex (dmPFC), an area thought to be involved in 
social behavior. We find that dmPFC neurons are able to track not only the hierarchical standing of particular 
individuals within a group, but also their competitive success by predicting competitive outcomes based on 
information about competitors. Preliminary data further suggests that information encoded in the dmPFC 
about hierarchical standing, success and competitors are encoded differently between males and females. 
Taken together, this study provides a functional framework to decode the neuronal mechanisms governing 
sexually dimorphic behaviors between males and females.  
sex differences, competition, electrophysiology 
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STAND 25 
Using fMRI to model nonlinear interactions between brain regions 
Craig Poskanzer, BA; Mengting Fang BA; Aidas Aglinskas, PhD; Stefano Anzellotti PhD 
 Whenever we perform a cognitive task, multiple brain regions are engaged, and information is 
transformed from brain region to brain region. A new method (MVPD, Anzellotti et al. 2017, Li et al. 2019, Fang 
et al. in preparation) goes beyond standard functional connectivity, capturing the interactions between 
multivariate patterns of response in different brain regions. In addition to being multivariate, interactions 
between brain regions are likely nonlinear. However, it remains unknown whether nonlinear models of the 
interactions between brain regions can be effectively estimated from fMRI data. We used artificial neural 
networks to model the interactions between brain regions during the viewing of complex visual stimuli (the 
film Forrest Gump), comparing out-of-sample predictions of linear and nonlinear versions of three different 
neural network architectures. The relative effectiveness of linear and nonlinear models depended on the 
network’s architecture and on the brain regions analyzed. 
fMRI, neural network, nonlinear 

STAND 26 
Grasp responses to mechanical perturbations of reach 
Mariusz Furmanek, PhD, PT; Mathew Yarossi, PhD; Madhur Mangalam, PhD; Sambina Anthony, BS; Sophia 
Maciel, BS; Luis Schettino, PhD, Sergei Adamovich, Prof; Eugene Tunik, Prof, PT. 
 In order to successfully reach to and grasp an object, the brain must control both transport of the hand 
to the object and preshaping of the fingers to grip the object. Classical theory suggests these two components 
are coordinated in parallel via two independent visuomotor channels. However, there is recent empirical 
evidence that motor control for reach and grasp may be coupled. Here, we investigated how a mechanical 
perturbation of reach influenced preshaping of grip aperture. We hypothesized that if indeed reach and grasp 
are independent this mechanical perturbation would have no influence on the preshaping of grasp aperture as 
hand approaches the object. Using a custom virtual environment, ten subjects (20.6 ±1.8 years) reached to 
grasp a virtual object. All subjects participated following IRB approved informed consent. On 25% of trials, 
resistive or assistive force (200 ms duration, 2, 4, 6N magnitude) was applied to the wrist 200 ms following 
movement onset using a robotic manipulandum. 
Mechanical perturbation of transport increased or decreased peak transport velocity during when applied in 
an assistive and resistive way, respectively. Critically, aperture scaled with changes transport velocity in 
direction and magnitude dependent manner. Following the perturbation response, the aperture trajectory 
returned to the unperturbed pathway. These results indicate a relationship in the coordination underlying the 
transport and grasping components of a reach-to-grasp movement. Understanding the relationship between 
reaching and grasping will provide useful insight for robotic/prosthetic applications to optimize efficiency in 
object grasping. 
Reach-to-grasp, coordination, VR 

STAND 27 
Investigating the emergence of expression representations in a neural network trained to discriminate 
identities 
Emily Schwartz B.A., Kathryn C. O’Nell B.S., Stefano Anzellotti Ph.D.  
 A picture of a face provides information about both someone’s identity and their facial expression. 
According to a traditional view, recognition of identity and expression are performed by separate neural 
mechanisms. However, recent neuroimaging studies have shown that recognition of identity and expressions 
may not be as disjointed as originally thought: face identity can be decoded from patterns of response in pSTS 
(Anzellotti et al. 2017, Dobs et al. 2018), a brain region previously implicated in expression recognition. Joint 
processing of expressions and identity might be due to computational efficiency. In line with this hypothesis, a 
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new study from our laboratory found that artificial neural networks trained to recognize facial expressions 
spontaneously learn features that support identity recognition (O’Nell et al. 2019). In this complementary 
project, we investigate transfer learning in the reverse direction, testing whether artificial neural networks 
trained to distinguish between identities learn features that support the recognition of facial expressions. More 
broadly, we propose that effective transfer learning is a key principle driving the large-scale organization of 
human cortex. 
identity recognition; expression recognition; artificial neural networks; transfer learning 

STAND 28 
Prefrontal mechanisms for tracking group behavior, reputation, and identity during three-agent interactions 
in macaques 
Emma P. Mastrobattista, BS; Raymundo Báez-Mendoza, PhD; Amy J. Wang, MD; Ziv M. Williams, MD 
 Primate group behavior poses the unique challenge of tracking others behavior, their reputation, and 
social identity. The ability to interact effectively within groups allows individuals to build affiliations and benefit 
from reciprocation with others. Furthermore, it can lead to dynamical interactions that can be affected by 
changes in reputation or distribution of wealth. The precise neuronal computations that underlie interactive 
group behavior, however, remain poorly understood. Here, we obtained multiple-neuronal recordings in the 
dorsal anterior cingulate cortex (dACC) and frontopolar cortex (FP) of individual rhesus macaques as they 
performed a structured reciprocity-based social task within a group. We devised a three-agent apparatus and 
social task in which three macaques interacted with each other over multiple rounds, and in which one 
individual could offer a food reward to one of the other two. Individuals could reciprocate past rewards that 
had been delivered to them by other group members in previous trials. Based on this design, we could 
dissociate computations associated with interactive behavior, social preference, and group dynamics. Within 
experimental sessions, we controlled for the animals’ position and gaze contact between actor and potential 
recipients. Across experimental sessions, we also controlled for group composition, social hierarchy, and the 
presence of conspecifics. Behaviorally, we find that the monkeys demonstrated a strategic preference for other 
individuals and that they favored rewarding those who reciprocated. The rate in which individuals reciprocated 
within a session and across sessions was reflected in different levels of reputation. Although the more 
dominant monkey obtained more rewards within a session, the group worked together to reduce inequality. At 
the neuronal-level, distinct subpopulations of dACC neurons tracked the identity of the current actor and 
reward recipient. In contrast, the activity of a subpopulation of FP neurons correlated with the current actor’s 
reputation for reciprocity. These findings reveal neurons in the primate prefrontal cortex that encode 
information about particular individuals, their behavior within social groups and their reciprocity. Together, they 
also lay the future groundwork for studying social behavior in humans and for testing neurobiology-guided 
clinical treatments. 
Prefrontal mechanisms for group behavior 

STAND 29 
Do Bilinguals and Musicians Have Better Sensitivity to Distributional Learning of Non-native Phonemes? 
Mihye Choi, M.A; Mohinish Shukla, Ph.D. 
 A sensitivity to distributional properties of phonetic tokens leads learners to induce underlying 
phonemic categories – e.g., in babies and adults, exposure to a continuum from da to ta with a bimodal 
distribution leads to better discrimination of end-point da & ta tokens than a unimodal exposure (Maye, 
Werker, & Gerken, 2002; Maye & Gerken, 2001). Given that both individuals with musical experience and 
multilinguals show advantages in a variety of linguistic tasks (Pater, 2011; Byers-Heinlein & Lew-Williams, 2013), 
we investigate if these populations show better distributional learning. We exposed participants to unimodal 
or bimodal distributions of phones from a Hindi ba-pa continuum, presented either as a monotonous list, or in 
a musical context where the varying pitch of each token formed a melodic contour. We had three groups of 
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participants – controls, participants with musical experience, and bilinguals. Participants were assigned to each 
of the four Distribution X Melody conditions. The results indicated musical presentation of tokens didn’t lead to 
better discrimination in any of the three groups. In the monotonous exposure, however, individuals with 
musical experience showed better discrimination in the bimodal compared to the unimodal condition, and 
bilinguals showed a similar but marginal effect while there was no difference between bimodal and unimodal 
conditions in controls. We will discuss aspects of musical experience and native phonology that could affect 
distributional learning. 
distributional learning, OPERA model, bilingual advantage, learning phonenems 

STAND 30 
Spatial frequency alters axis selectivity in mouse dorsal lateral geniculate nucleus 
Kaleb Kelley; Celeste-Elise Stephany, PhD; Chinfei Chen, MD PhD 
 The mouse visual system is a premier model for studying sensory processing due to the ease of 
manipulating the mouse genome and the relative conservation of circuitry across species. Neurons of the 
dorsal lateral geniculate nucleus (dLGN) of the thalamus receive direct input from retinal ganglion cells (RGCs), 
and project to primary visual cortex (V1). Though thalamic nuclei were classified as simple sensory waystations 
early on, recent studies have revealed a greater depth of thalamic processing including spatial integration and 
selectivity of certain visual features. In particular, a proportion of neurons in dLGN respond preferentially to a 
specific axis of motion (axis selectivity). However, the relationship between axis selectivity and the spatial 
frequency (SF) of the visual stimulus is unclear . To further investigate properties of axis selective (AS) units in 
the thalamus, we performed extracellular recordings from dLGN neurons in anaesthetized wildtype mice from 
p28-p35 We recorded responses to sinusoidal gratings drifting in eight directions at six different spatial 
frequencies and calculated the axis selectivity index (ASI) of each unit using two different methods. The 
preferred spatial frequency method (prefSF) measures the ASI at the SF that evoked the most activity. The 
MaxTuning method calculated ASI across all SFs and reported the highest value. We compared the population 
of AS units defined by each method to understand how SF can influence the preferred axis of motion. 
Strikingly, the population of neurons preferred different axes of motion depending on how ASI was calculated. 
Using prefSF, most neurons preferred the horizontal axis of motion. In contrast, if ASI was calculated in the 
same population of neurons using MaxTuning, they predominantly preferred the vertical axis of motion. Only 
24% of AS units had the same preferred axis of motion with both methods. Thus, the preferred axis of motion 
changes with SF of the stimulus. Future studies are required to determine if these features are hard-wired, or 
can be altered by experience in early development. 
dLGN, vision, axis selective, tuning 

STAND 31 
Effects of NMDA Receptor Antagonism on Mismatch Negativity in Rodents 
Shushi Kabu, M.S; Daniel J. Graziano, B.S.; Marlyn Torres, B.S.; Michelle M. Sidor, PhD 
 Various neuropsychiatric conditions are associated with impaired cortical information processing that 
can be measured via electroencephalography (EEG) using sensory evoked responses. These deficits can be 
modeled in rodents and are considered a robust translatable biomarker. Mismatch negativity (MMN) is a type 
of sensory-evoked response that probes the ability of the cortex to store a mnemonic memory of repeating 
tones (standard tones) in order to respond differentially to a qualitatively different tone (e.g. pitch deviant 
tone). Deficits in MMN are one of the most widely replicated neurophysiological findings in 
schizophrenia and can be re-produced by N-methyl d-aspartate (NMDA) receptor antagonism, suggesting a 
role for NMDA signaling in both the generation of MMN responses and schizophrenia pathology. The current 
study sought to determine the impact of NMDA modulation on rodent MMN. Two approaches were explored: 
1) acute NMDA antagonism with (+)-MK-801 hydrogen maleate (MK-801) and 2) a sub-chronic phencyclidine 
hydrochloride (PCP) paradigm to explore sustained effects. Male Sprague Dawley rats were implanted with 
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subcutaneous telemeters that wirelessly transmitted frontal cortex EEG signal. After recovery, separate cohorts 
were administered either an acute i.p. dose of MK-801 (0.1 or 0.3mg/kg) or were enrolled in a 7-day sub-
chronic PCP (scPCP) paradigm (5mg/kg, BID). Auditory stimuli were delivered in a sound-attenuating chamber 
at 6kHz and 8kHz in a flip-flop sequence. Difference waves were computed by subtracting the averaged 
standard from deviant evoked responses (the mismatch response). As brain vigilance state impacts the quality 
of the waveforms, rats were kept awake throughout testing. Rats displayed a similar neuro-oscillatory signature 
to human MMN with deviant tones producing significantly larger MMN-complex amplitudes (negative [N1]: 
35-50ms post- tone and positive [P2]: 50-120ms post-tone deflections) compared to standard tones. NMDA 
antagonism with MK-801 and scPCP differentially impacted these components. Overall, MK- 801 produced 
acute and reversible dose-dependent deficits in the peak amplitude and area under the curve (AUC) of the N1 
(0.3mg/kg) and P2 (0.1 &amp; 0.3mg/kg) components, up to 2hr post-dose. Conversely, scPCP administration 
only impacted the P2 component and this effect was sustained for 8 weeks post-washout. The current results 
demonstrate that NMDA antagonism impacts deviance detection and highlights two models of 
pharmacologically-induced MMN deficits. The differential impact on MMN deficits and their temporal 
persistence should be considered. 
Mismatch negativity, EEG, animal models, sensory evoked potentials, NMDA 

STAND 32 
Neuronal basis for the collective behavior and influence of social groups 
Benjamin Sanders; Raymundo Báez-Mendoza PhD; Firas Bounni MD; William S. Li BA; Ziv M. Williams MD 
 Social groups play a defining role in the behavior of many animal species and humans and powerfully 
shape the behavior of individuals. The single-neuronal mechanisms that underlie the collective behavior of 
groups or their influence, however, are unknown. Here, we used neurophysiologic and inactivation techniques 
in groups of foraging mice to find specific neurons in the dorsomedial prefrontal cortex which encoded 
features that defined the animals’ collective behavior. Individually, these neurons reflected the group’s joint 
decisions, the consensus among their members and shared success, whereas other neurons reflected the 
animal’s own behavior independently of the groups. Together, these populations accurately predicted the 
animal’s conformity to the other group members and reflected the social context of their interaction. Focal 
inactivation of this brain area led to a selective loss of neuronal response to a diminished behavioral influence 
by the group. These observations provide a neuron-based framework for understanding the collective 
behavior of social groups and their influence. 
social behavior, neurophysiology, conformity 

STAND 33 
Artificial neural networks reveal multivariate integration of information across different brain regions 
Mengting Fang, BS; Yichen Li, BS; Stefano Anzellotti, PhD 
 Unlike deep artificial neural networks for object recognition, the human brain is organized into 
category-selective regions that respond preferentially to visual information about different kinds of objects (i.e. 
faces, bodies, artifacts, places). However, everyday people make judgements about the world, we need to 
combine information about a variety of objects. Therefore, the architecture of the human brain raises the 
question of how information in different category-selective regions is integrated. In this work, we propose a 
framework to systematically detect hubs in the human brain that integrate information from multiple category-
selective regions. For each location in the brain, neural responses are predicted timepoint-by-timepoint from 
the response patterns in category-selective regions using the Multivariate Pattern Dependence Network 
(MVPN): a feed-forward artificial neural network extended from multivariate pattern dependence (MVPD). Brain 
regions whose responses are predicted significantly better using a combination of multiple category-selective 
regions than by the best of category-selective regions taken individually are identified as hubs. We applied 
MVPN to fMRI responses recorded during the presentation of complex dynamic stimuli (the movie Forrest 
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Gump), and identified five integration hubs: 1) the posterior medial thalamus, 2) the middle cingulate gyrus, 3) 
the posterior cingulate gyrus, 4) the angular gyrus, and 5) the cerebellum. These results indicate that in the 
human brain information about different kinds of objects is integrated by specialized, highly localized regions. 
More broadly, MVPN paves the way for the investigation of the fusion of information across different 
processing streams in the human brain. 
integration, multivariate pattern, artificial neural network, category-selective regions 

STAND 34 
Cytokine Alterations Differentially Influence Context-Dependent Amphetamine Locomotor Sensitization in 
Female Long Evans Rats  
Brooke Plotkin, B.A.; Corey Calhoun, B.A.; Briana Mason, B.S.; Najah Walton, B.S.; Julian Galindo; Carlos 
Valencia; Tiffany Donaldson, Ph.D.  
 The development of sensitization to psychostimulants such as amphetamine suggests that repeated 
exposure causes neuroplasticity changes that are persistent. Indeed neural changes have been reported in 
critical learning and reward-related brain systems following chronic amphetamine and recently, alterations in 
central chemokines and cytokines have also been noted. The current investigation was designed to evaluate 
the sex differences in the context-dependent effects of repeated, intermittent amphetamine (AMPH; 4.0 mg/
kg, 4 days, every 48 h). Adult Long Evans male and female rats (n=7-10 per group) were divided into context-
dependent (locomotor activity cages) groups CD+SAL and CD+AMPH, and context-independent (CI; home 
cage injections) groups CI+SAL and CI+AMPH. All animals were administered a low dose (1.0 mg/kg AMPH) 
CHALLENGE in the LMA cages following a 3-day withdrawal. Animals were sacrificed on the final day of testing 
and brains were flash frozen and stored at - 80 C for immunohistochemistry. Results indicate that AMPH-treated 
males and females displayed increased LMA including distance traveled, vertical counts, and stereotypies on 
the CHALLENGE day. Interestingly, CD+AMPH groups displayed the greatest CHALENGE day responses, 
highlighting the importance of contextual drug associations. Immunohistochemical data support these 
behavioral differences with the largest increases in protein levels for the chemokine CXCL12 and its canonical 
receptor, CXCR4, in the medial prefrontal cortex (mPFC), striatum (STR), and ventral tegmental area (VTA) of 
CD+AMPH animals. In sum, our results provide evidence for sex-dependent differences in response to an 
intermittent AMPH regimen and reveal that AMPH exposure after withdrawal in a familiar environment 
increases sensitization. These behavioral differences parallel increases in CXCL12 and CXCR4 proteins, 
implicating a potential interaction of neuroimmune activation and contextual cues in AMPH sensitization. 
Amphetamine sensitization, context-dependent, cytokine 

STAND 35 
 Transgenerational Gene by Environment Interaction In Distinct Strains of Morphine Exposed Mice 
Claire Davidson; Anika Toorie, PhD; Elizabeth Brynes PhD 
 Drug related deaths involving opioids have increased 200% between the years of 2000-2014. With this 
continuing rise in opioid use, identifying factors that modify an individual’s response to opioids may help both 
prevention and treatment efforts. Preclinical models have documented significant strain differences in opioid 
withdrawal, implicating a genetic contribution to this effect. The extent to which experiential factors interact 
with genetic vulnerabilities to influence opioid withdrawal remains unknown. The goal of this study is to 
determine the effects on offspring of maternal opioid exposure even in the absence of in utero exposure by 
using two mouse strains that demonstrate significant differences in acute naloxone precipitated jumping, a 
behavioral measure of opioid withdrawal (C57BL/6 - high responder)/ (129/Sv1- low responder). Female mice 
were treated with morphine or saline starting at PND 30 with an increasing dose regimen for ten days. As 
adults, females were mated with drug naive males and their adult offspring were treated with either morphine 
or saline. The F1 animals were treated with naloxone following treatment and observed for naloxone-
precipitated withdrawal symptoms. The F1 animals were then sacked and tested for differences in mu opioid 
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receptor expression in the accumbens (NAc), part of the reward pathway in the brain. Overall, there were 
significant strain differences in both naloxone-precipitated withdrawal symptoms and mu opioid receptor 
expression, and also a significant difference in mu receptor expression in C57 F1 males from morphine treated 
mothers versus saline treated mothers. These findings indicate maternal drug experience in adolescence 
produces measurable changes in offspring neurochemistry. They also suggest that these changes are due to 
gene by environment interactions, or epigenetics. 
transgenerational, epigenetic, opioids, morphine 

STAND 36 
Nearly isogenic BALB/cJ and BALB/cByJ substrains differ in opioid state dependent learning, spontaneous 
withdrawal, and weight loss in response to oxycodone: Planning a reduced complexity cross. 
Jacob A Beierle, BS; Emily Yao, BS; Julia Scotellaro, BS; Gary Peltz, PhD; Camron D Bryant, PhD. 
 Opioid dependence is a heritable substance use disorder, however we know little about its genetic 
etiology. Using forward murine genetic studies we can identify novel genetic and neurobiological pathways 
relevant to the human condition. To facilitate gene mapping of opioid addiction traits in a Reduced Complexity 
Cross (RCC), we phenotyped two nearly isogenic inbred mouse substrains, BALB/cJ and BALB/cByJ, for 
behavioral responses to the mu opioid receptor agonist oxycodone (OXY). The low genetic diversity and high 
phenotypic diversity between these substrains facilitates gene mapping. To capture multiple stages of 
addiction related behaviors we used our multistage addiction assessment protocol (MSAAP) to examine OXY-
induced locomotion, drug-free and state-dependent conditioned place preference (CPP), acute 
antinociception EC50s and EC50 shifts (tolerance), spontaneous emotional/affective withdrawal, and body 
weight loss. We found substrain differences in state-dependent CPP, OXY induced analgesia, acute emotional/
affective withdrawal, and body weight loss in response to OXY. Interestingly, our data shows BALB/cJ mice 
show increased state dependent, but not drug free conditioned place preference compared to BALB/cByJ 
mice, suggesting differences in state dependent learning. BALB/cJ mice also show increased emotional 
affective withdrawal, and OXY induced weight loss, suggesting they are generally more sensitive to 
psychological and behavioral effects of OXY. Future studies will employ a systems genetic approach 
combining behavioral QTL, expression QTL, and single cell RNA-sequencing to identify the genetic basis and 
molecular mechanisms underlying genetic differences in OXY phenotypes. 
Opioids, genetics, addiction, mice 

STAND 37 
Exploring the impact of biological sex on oxycodone place conditioning behavior in male and female rats 
Jessica A Babb, PhD; Nicholas Constantino, BA; McKenzi Hammond, BA; Gary B. Kaplan, MD; Elena H 
Chartoff, PhD 
 Prescription opioid misuse can escalate to opioid dependence or opioid use disorder and continues to 
represent a major factor in the ongoing U.S. opioid epidemic. Women report different motivations for initiating 
drug use and experience different acute and chronic effects of drugs than men. Despite evidence that sex may 
impact addictive behavior in humans, preclinical rodent models investigating drug-seeking behavior have 
largely omitted females. In this study, the rewarding properties of the prescription opioid oxycodone were 
evaluated in adult male and female rats using place conditioning. A repeated measures ANOVA was used to 
analyze the effect of sex on pre- and post-conditioning preference for drug-associated contexts. In response to 
two days of twice daily conditioning sessions with saline (AM) and 3mg/kg oxycodone (PM), male and female 
rats displayed similar acquisition and extinction of conditioned preference for a drug-paired context compared 
to a vehicle-paired context. Among female rats separated by stage of estrous cycle, a significant effect of the 
estrous cycle was observed on the acquisition of conditioned place preference. Female rats tended to display 
higher drug-primed reinstatement of conditioned preference compared to male rats, which was accompanied 
by lower oxycodone-induced corticosterone. Ongoing experiments are exploring potential neural mechanisms 
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underlying these effects. Collectively, these data provide insight into the influence of sex on opioid behaviors 
which could lead to novel sex-specific therapeutic compounds for opioid use disorder. 
opioid, sex differences, estrous cycle, reward 

STAND 38 
Decreased Cocaine but Increased Opioid Reward in Offspring of Males Exposed to Morphine during 
Adolescence 
Pankhuri Walia; Fair M. Vassoler; Anika M. Toorie; Delaney N. Teceno; Trevor D. Patton; Elizabeth M. Byrnes 
 Since the late 1990’s, the United States has been suffering through an opioid epidemic. A growing 
body of evidence indicates possible transgenerational effects that extend the impact of opioid exposure to 
future generations. The goal of these experiments is to examine the effect of adolescent male opioid exposure 
on the next (F1) generation’s drug self-administration behavior and developmental neuronal gene expression 
as well as potential mechanisms that may contribute to the transmission of these effects using a rat model 
(Sprague Dawley). Males were administrated increasing doses of morphine (5-25mg/kg, s.c.) for 10 days 
during adolescence (P30-39). Age-matched control males received saline injections at equivalent volumes. 
Animals were left drug-free until adulthood (P70-80) when they were mated with drug-naïve females (n = 24). 
Brains from F1 offspring were collected on P1, P7, P28, and P70. Male and female offspring were also 
examined for drug (morphine, oxycodone, or cocaine) self-administration in adulthood (P60-80). After mating, 
testes and spermatozoa from the cauda epididymis were collected from F0 males and acetylated H3 was 
examined. Results show that F1 animals have increased levels of opioid self-administration yet decreased 
cocaine self-administration. Male F0 seminiferous tubules displayed increased levels of acetylated histone H3 
indicating developmental differences in spermatogenesis and genome packaging. Experiments examining 
developmental neural gene expression differences are ongoing. The results demonstrate that opioid exposure 
in the F0 generation has lasting effects, making future generations vulnerable to the harmful impact. 
Transgenerational, Opioid, Morphine, Oxycodone, Cocaine, Self-administration 

STAND 39 
Striatal transcriptome-wide profiling of hnRNP H RNA-binding targets via CLIP-seq in response to 
methamphetamine 
Qiu T. Ruan, BS; Michael A. Rieger, PhD; Jiayi W. Cox, MS; Amarpreet Kandola, Jacob A. Beierle, BS; Emily J. 
Yao, BS; Melanie M. Chen, BS; Karen Zheng, W. Evan Johnson, PhD; Joseph D. Dougherty, PhD; and Camron D. 
Bryant, PhD 
 We previously identified Hnrnph1 (heterogeneous nuclear ribonucleoprotein H1) as a quantitative trait 
gene underlying reduced methamphetamine (MA) behavioral sensitivity. Mice with a heterozygous frameshift 
deletion in the first coding exon of Hnrnph1 (Hnrnph1+/-) showed reduced sensitivity to the stimulant, 
rewarding, reinforcing effect of MA and a decrease in MA-induced dopamine release. The deletion is in one of 
the RNA binding domains of Hnrnph1. The RNA binding targets of hnRNP H in the brain and its in vivo function 
are largely unknown. My first-author preprint (https://doi.org/10.1101/717728; in minor revision, Journal of 
Neuroscience) suggests a drug-induced cell biological mechanism underlying deficits in MA neurobehavioral 
responding. To gain mechanistic insight, we examined mRNA binding targets of hnRNP H via cross-linking 
immunoprecipitation coupled with high-throughput sequencing (CLIP-seq) in striatal tissue at baseline and 
following MA (2 mg/kg, i.p.). The predominant binding regions for hnRNP H were intronic, supporting its role in 
splicing. MA administration decreased hnRNP H binding to RNA targets. One top target was Ppp3ca, which 
codes for the catalytic subunit protein phosphatase 3 (PP2B). Based on previous RNA-seq results implicating 
Ppp3ca as a differentially spliced gene in the Hnrnph1+/- mice and the current CLIP-seq data, we hypothesize 
that Ppp3ca is a splicing target of hnRNP H1 in modulating MA-induced signaling and behavior. Interestingly, 
human splice variants of Ppp3ca have been associated with addiction vulnerability and upstream Ppp3ca 
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variants have been associated with opioid dependence. Our results provide an important mechanistic link 
between hnRNP H-mediated splicing events and the addictions. 
RNA binding protein, methamphetamine, cross-linking immunoprecipitation 

STAND 40 
Illuminating the Brain: Developing an Integrated Optogenetic-EEG System 
Marlyn Torres, BS; Daniel J. Graziano, BS; Shushi Kabu, MS; Michael Yim, BS; Michelle Sidor, PhD 
 A variety of neurological diseases are associated with abnormal brain activity, as measured using 
electroencephalography (EEG), however, our understanding of the underlying circuit-level 
pathophysiology is still limited. To address this, we designed a high-throughput system that 
combines optogenetics for cell and circuit-specific modulation with wireless telemetry EEG and confirmed the 
functionality of the system in awake-behaving mice. Specifically, the optogenetic-EEG system combines a 
wireless radiofrequency telemetry platform for EEG recordings (Data Sciences International; DSI) with a custom 
expandable free-field DPSS laser set-up that permits simultaneous stimulation and recording from multiple 
mice. Direct synchronization of laser pulses with neurophysiological recordings was conducted using DSI’s 
Ponemah software, which acquires and syncs TTL inputs with EEG signals. In order to test the optogenetic-EEG 
system in vivo, TH (tyrosine-hydroxlase):Cre mice were implanted with custom-made chronic optic fibers 
(0.22NA, 200m core) in the ventral tegmental area to modulate dopamine (DA) neurons that were transduced 
with AAV-5-EF1-FLEX-Chronos-GFP. After 4 weeks of viral expression, awake-behaving mice were acutely 
stimulated with two separate blue light (447 nm, 5mW at fiber tip) stimulation paradigms, tonic (5 Hz, 4 ms 
pulse width) and phasic (50 Hz, 16 ms pulse width) during 5 min epochs of light ON/OFF. EEG was 
continuously recorded throughout the stimulation paradigm and processed offline to obtain power spectral 
density estimates using fast Fourier transform. Optogenetic stimulation of VTA-DA neurons in TH:Cre mice 
resulted in an EEG spectral shift during light ON epochs that returned to baseline during light OFF epochs. 
There were no changes in ambulatory activity during the stimulation paradigm. The accuracy of viral targeting 
to the VTA was determined using immunohistochemistry and fiber optic placement was visually confirmed. 
This is the first known report of altered EEG activity as a result of concurrent modulation of VTA-DA firing in 
awake-behaving mice and has implications for EEG abnormalities observed in diseases associated with altered 
dopaminergic signaling. This combined optogenetic-EEG system will allow for the exploration of cell-types 
and neural circuits involved in mediating the EEG deficits observed across a variety of neurological diseases. 
EEG, optogenetics, dopaminergic neurons 

STAND 41 
Investigating methods for improved striosome labeling during early neurogenesis for functional cell-tracking 
studies in vivo 
Cynthia J. Schofield; Leif G. Gibb, PhD; Ann M. Graybiel, PhD 
 The dorsal striatum is a highly organized region of the basal ganglia, thought to be responsible for 
globally integrating and evaluating information and shaping motor patterns, goals, and strategies based on 
the current environment and past experiences. It is unique in its structural and functional connectivity, 
containing two distinct compartments: striosome “patches” and their surrounding matrix. Striosome cells 
migrate from the lateral ganglionic eminence during a discrete time window in early neurogenesis. Using this 
developmental fact, we are selectively introducing molecular tools into striosome neurons for subsequent 
implantation and in vivo calcium imaging using behaving adult mice. In the adult, striosomes have privileged 
output to dopaminergic pathways in the midbrain and are implicated in cost-benefit decision-making and 
reinforcement-based signaling, whereas the matrix has been linked to action execution. Genetic manipulation 
leading to expression of fluorescent proteins, such as in a Cre-ER T2 /loxP tamoxifen-inducible system, is often 
an effective approach for labeling specific cell populations at desired embryonic time points; however, 
tamoxifen remains active in the mouse’s system for an extended period of time, often resulting in nonspecific 
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matrix labeling. Here, to refine current methods, we dosed Mash1- and Dlx1-CreER T2 mice at varying time 
points during early neurogenesis using either single doses of tamoxifen or multiple doses of its more rapidly 
degrading metabolite, 4-hydroxytamoxifen (4-OHT). We propose that 4-OHT’s shorter half-life could permit an 
optimized combination of dense and selective labeling for calcium imaging and other studies probing the 
function of striosomes in the adult brain. 
Neurogenesis; Basal Ganglia; Striosome 

STAND 42 
Rat Behavioral Changes Due to Implanted Striatal Magnetic Particles Activated with Externally-Applied 
Magnetic Fields 
Delaney N. Teceno; Sahar Jafari; Danica Sun; Pavel Stepanov; Olivia Hale; Lamar O. Mair; Irving N. Weinberg; 
Charlie Ropp; Pankhuri Walia; and Fair M. Vassoler 
 While many techniques are available to manipulate deep brain structures (optogenetics, deep brain 
stimulation (DBS), ultrasound, transcranial magnetic stimulation, etc.) to treat psychiatric and neurologic 
disorders, there are critical issues that decrease clinical utility. For example, DBS is invasive and only able to 
directly impact a small portion of the brain at a time. The goal of the current study is to determine if mechanical 
stimulation of neurons could serve as an alternative mechanism for neurological manipulations to treat various 
disorders. Recent data has shown that mechanical stimulation of neurons depolarizes cells and increases their 
firing rate. Here we developed a technique to engineer magnetic nanorods that can be implanted into neural 
tissue. We then designed a magnetic coil to provide external magnetic stimulation to the implanted nanorods. 
Particle injected animals (n=15) were stereotaxically implanted with magnetic nanorods, while control animals 
(n=13) experienced sham surgeries. One week following surgery, animals were placed in a small open field 
within the magnetic coil. Animals were acclimated to the field for 1-minute, followed by 4 minutes of low-
magnitude (5mT, 20 Hz) external magnetic stimulation. The magnet was then turned off and the animal 
remained in the field for an additional 2 minutes. Total locomotion, rotations, and vacuous chewing behaviors 
for the duration of the experiment (7 minutes) were scored by a blind observer. Results showed no difference 
in overall locomotion or number of rotations. However, particle implanted animals showed significantly 
increased levels of chewing behavior compared to sham animals. An additional group of animals (particle 
implanted n=7, sham n=7) were euthanized eight weeks post-operation and 1-hour post-magnetic stimulation. 
Brains were sliced (25nm) and appropriately stained to observe neuronal activation, immune responses, and 
particle spread surrounding the injection site. Results showed no difference in immune response between 
groups. Additionally, increased neuronal activation was observed in the piriform cortex and cingulate gyrus of 
animals implanted with nanorods. These data demonstrate the ability of mechanical stimulation of striatal 
neurons to modify rat behavior. Behavioral tests examining the efficacy of magnetic particle stimulation for 
attenuation of oxycodone reinstatement are currently being investigated. Potential future applications of the 
technology include the use of wearable generators of low magnetic fields applied to intra-nasally administered 
magnetic nanoparticles. 
nanorods, striatum, magnetic stimulation, opioid addition 

STAND 43 
Pulse width modulation - the language of the brain 
Robert Alan Brown 
 Pulse width modulation (PWM) is a form of temporal coding that consists of a regular (periodic) timing 
source and complex (aperiodic) variations within the framework of the regular timing source that contain the 
information in the process. Brain waves provide regularity so that the variations caused by higher frequency 
pulse bursts can be processed as information. This pairing of the regular and the complex occurs in all 
temporal message coding using PWM including speech, music, dance, echo location and imaging, AM and FM 
radio and analogue TV broadcasting, and original telegraphy and telegraphics. Also, the PWM process in these 
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messaging systems can be used to control the movement of muscles. A complete muscle, sensor, and timing 
model is shown that provides the movement and object avoidance needed by one of the oldest and simplest 
animal species – the crinoids, which exist today in much the same form as they did 500 million year ago. The 
primary components in this model are a high frequency spike generator that sends spike bursts to the muscles 
at certain moments in time and operates a frequency divider that produces the regular low frequency waves 
within which the muscles operate. The model also has sensors that stop and start the muscle movement so as 
to redirect the animal away from obstacles in its environment. This model has been extended to include 
another simple animal, the limpet, which carries out the computations needed to graze, avoid objects, and 
return to a home position using PWM. In a single muscle unit driven by a constant spike frequency, the extent 
of motion is determined by the spike count from the high frequency spike generator. So the movement is 
equal to some specific spike pulse duration. The circuits used to drive the muscles but lacking muscle cells are 
able to operate as a step register or a bi-directional frequency divider (counter) that can be used as memory 
devices. These memory devices are able to remember the location of objects in the environment of the animal 
models using time extents. For time to be a complete dimension there has to be a positive and a negative time 
axis. This leads to a symmetrical process that allows for a zero sum of time extents, which is the essence of 
order. This symmetry allows the system to be scaled up indefinitely while maintaining order (regularity) as it 
introduces disorder (information). Language embodies what is certain (regular) as shown in the contents of a 
dictionary. And some unexpected (irregular) set of these words form the information in a message in that 
language. This use of the regular and the complex in language suggests that PWM be considered as the 
language of the brain. 
Temporal coding, time symmetry, information and order, language 

STAND 44 
Pathological correlates of depressive and suicidal phenotypes across brain regions in chronic traumatic 
encephalopathy 
Mahar, Ian, PhD; Chancellor, S.E., BS; Huber, B.R., MD PhD; Stein, T.D., MD, PhD; Alvarez, V.E., MD; Mathias, R., 
MS; Cherry, J., PhD; McKee, A.C., MD 
 Chronic traumatic encephalopathy (CTE) is a neurodegenerative disease with cognitive, behavioral, 
and psychiatric symptoms, with depression and suicidality present in a large proportion of pathologically 
validated CTE cases to date. Pathologically CTE is defined by a distinctive accumulation of 
hyperphophorylated tau (pTau) predominately involving the frontal and temporal cortices, medial temporal 
lobe and brainstem. However, the association between pathology in particular brain regions and psychiatric 
phenotypes in CTE is currently unknown. Human postmortem brains from CTE cases and controls were 
obtained from the Veterans Affairs - Boston University - Concussion Legacy Foundation (VA-BU-CLF) Brain Bank 
(N=320). A team of trained neuropathologists examined each brain (blinded to identity) for gross and 
microscopic pathology, and provided semi-quantitative assessments. Brain regions of interest were isolated 
and sectioned as reported previously (Mez et al. 2015 Alzheimers Res Ther 7:62), including frontal, temporal, 
limbic, and brainstem structures. Sections were stained for pathological markers of interest (e.g. pTau, β-
amyloid, α-synuclein, pTDP43, etc). Stained slides were scanned and traced digitally, with staining quantified 
using a Leica Aperio system. Preliminary analyses suggest that alterations in specific cortical, limbic, midbrain, 
and white matter structures may associate with depressive and suicidal phenotypes in CTE. In particular, 
cortical white matter loss as well as hippocampal and nigral pathology were associated with psychiatric 
phenotypes. We have also found inflammation-associated changes in the anterior cingulate cortex of 
depressed CTE cases. This ongoing investigation is the first to explore the association between 
neuropathology in particular brain regions and specific psychiatric phenotypes in CTE. Preliminary results 
suggest that increased neurodegenerative pathology, loss of white matter, neuroinflammation, and gliosis 
could underlie psychiatric phenotypes in CTE. 
Chronic traumatic encephalopathy, CTE, depression, suicide 
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STAND 45 
fMRI cerebrovascular responses in chronic fatigue syndrome: Preliminary findings 
Paula Lara Mejia, BA; Sydney Brumfield, BA; Julia Felicione, BA; Suk Tak Chan, PhD; Kenneth Kwong, PhD; 
David Systrom, MD; Donna Felsenstein, MD; Darin Dougherty, MD; Michael VanElzakker, PhD 
 Chronic fatigue syndrome (CFS), also sometimes called myalgic encephalomyelitis (ME), is a complex 
and often disabling medical condition. Key symptoms include but are not limited to fatigue, autonomic 
dysfunction, muscle and joint pain, cognitive dysfunction (“brain fog”), and post-exertional malaise, which is a 
worsening of symptoms 24-72 hours after exertion that can last days or weeks. Onset of illness is commonly 
acute and infectious, after which symptoms do not resolve. Severity of illness varies between patients— 25% of 
CFS patients are home- or bed-bound. Previous research in this condition has shown autonomic and 
neuroinflammatory involvement, suggesting there may be a disruption of normal vascular function in the 
central nervous system. In this study, we measured blood oxygenation level dependent (BOLD) functional 
magnetic resonance imaging (fMRI) to measure cerebrovascular reactivity (CVR) in patients with CFS when they 
were at rest and under breath hold challenge. Six subjects who fulfilled International Consensus Criteria (2011) 
were included in the study. High resolution T1- and T2-weighted structural images as well as BOLD fMRI 
images were acquired from subjects at rest. Additional BOLD fMRI images were acquired during a breath hold 
challenge, in which subjects are asked to hold their breath for 30 second epochs. Physiological measurements 
including heart rate, respiration, partial pressures of carbon dioxide and oxygen, and oxygen saturation were 
acquired simultaneously with fMRI acquisition. Physiological changes were used in the regression analysis of 
BOLD-fMRI data to derive regional CVR at rest and during breath hold challenge. Four out of the six CFS 
subjects showed reduced resting state CVR in most brain regions compared to healthy controls. Some CFS 
subjects also showed reduced CVR during breath hold challenge. Reduced CVR suggests abnormal 
cerebrovascular reactivity in CFS patients when they are at rest or under breath hold challenge.  
chronic fatigue syndrome, fMRI, autonomic, hypercapnia 

STAND 46 
The investigation of epigenetic mechanisms in vivo in Parkinson’s Disease patient brains quantified by non-
invasive PET imaging using a PET/MR 
Robin Striar, BS; Stephanie Fiedler, BA; Anna Goodheart, MD; Stephen Gomperts, MD; Changning Wang, PhD 
 The purpose of this study is to evaluate altered regional histone deacetylase (HDAC) expression 
(density and distribution) in Parkinson’s Disease (PD) patient brains, and age- and sex-matched healthy 
controls, using [11C]Martinostat as a positron emission tomography (PET) radiotracer. The hypothesis being 
tested is that HDAC enzyme expression is altered in PD brains when compared to healthy control brains. A 
combined PET/MRI system will be taken advantage of to collect simultaneous PET and structural MRI data to 
obtain high-resolution spatial maps. This study will address fundamental questions about chromatin modifying 
enzymes in vivo. HDACs are a family of epigenetic enzymes that regulate gene expression in the human brain 
by chemically modifying chromatin, a fundamental network of proteins and DNA in chromosomal structure. 
HDACs drive epigenetic chromatin changes while leave the DNA itself unchanged. Research from diverse 
disciplines supports the hypothesis that HDAC dysfunction can lead to or contribute to brain diseases. Despite 
the preclinical and neuropathological evidence of HDAC and epigenetic dysregulation in PD, limited 
investigation of the underlying processes and mechanisms relevant to PD presents a significant knowledge 
gap between mechanisms measurable in animal models and human subjects. Prior to recent development, the 
expression of HDAC in the brain could not be quantified without sampling tissue. To overcome this limitation, 
the first radiotracer, [11C]Martinostat, was developed for non-invasive HDAC imaging via PET, which was 
recently approved by the Federal Drug Administration (FDA) for first-in-human studies (Investigational New 
Drug (IND) # 123154). Our laboratory has now successfully imaged rodents, non-human primates, a growing 
cohort of healthy adults (18-65 years old; >50), and PD patients using [11C]Martinostat. Our PET HDAC 
imaging in PD is the first time ever to visualize epigenetic expression in the brain of these patient populations. 
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In our preliminary study, HDAC binding in a PD subjects (a 74-year-old cognitively normal and a 71-year-old 
man with left-predominant PD-Mild cognitive impairment (MCI)) differed from that of a 65-year-old healthy 
control in two respects. First, binding in the putamen was markedly asymmetric in PD, with elevated binding 
greatest in the hemi-putamen underlying the greater motor impairment. Second, occipital cortical binding was 
increased markedly and selectively in the PD-MCI patient with visual hallucinations. These preliminary data 
indicate that changes in HDAC expression accompany PD, and they suggest that they relate to both motor and 
cognitive nonmotor features.  
Parkinson's Disease, HDAC, Neurodegenerative, PET/MRI 

STAND 47 
Comparison of 11.7T ex vivo with 3T in vivo MRI signal intensity of the hippocampus of wild-type, Tau, and 
PSEN1 individual mice: A pilot study. 
Alexis A. Sotelo; Matthew R. Diamse; Nasi Huang; K. S. Steed; James A. Hamilton; Jonathan J. Wisco, Ph.D. 
 Alzheimer’s disease (AD) causes tremendous damage to the brain over the course of the life of those 
afflicted. A major focus of AD research pertains to the development of diagnostic tools and methods to 
examine subtle pathological changes that occur early in the brain. Improving Magnetic Resonance Imaging 
(MRI) techniques to visualize brain pathology is an important step toward achieving definitive clinical 
diagnostic imaging. We have been using 3T MRI to assess the pathological effects of PSEN1 and Tau 
transgenic mice compared with C57BL6 wild-types (WT) in an animal model for AD. Although in vivo imaging 
in a 3T Siemens Trio produced adequate signal to noise for semi-quantitative analysis in our longitudinal study, 
we wanted to know the extent of signal gain using ex vivo imaging in a 11.7T Bruker 500 MHz magnet. 
Methods: Of the PSEN1, Tau and WT mice bred for this project, we imaged one post-mortem brain 
hemisphere from amongst subjects in each cohort that were fed a normal diet and were sacrificed at 6 months 
into the study. We acquired T1 images at 11.7T; and T2, and T2* images at both 3T and 11.7T. In this pilot study 
we measured and compared the signal intensity differences of the body of the hippocampus from T2 and T2* 
images. Measurements were acquired from one axial slice at a level where both the anterior and posterior 
horns of the lateral ventricles were visible using the analysis software Horos (https://horosproject.org/). Results: 
We show that 11.7T MRI provides superbly clearer signal to noise of all structures of the brain. The average 
signal between 11.7T and 3T field strengths within a 2 mm ROI of the hippocampus body in the PSEN1 mouse 
brain T2 image showed an 840 fold increase, and an 85 fold increase in the T2*. In the Tau mouse brain, T2 
showed a 746 fold increase in signal; T2* showed a 95 fold increase in signal. In the WT brain, T2 showed a 646 
fold increase in signal; T2* showed a 70 fold increase in signal. Conclusion: Although preliminary, results 
indicate an approximately linear difference in T2 and T2* signal between 11.7T and 3T MR field strengths, and 
may indicate that post-mortem imaging at high field strength can be added to our protocol to assess 
pathological changes in the mice brains across transgene cohorts.  
Tau – Animal and cellular models 

STAND 48 
Assessing neuroinflammation in myalgic encephalomyelitis/ chronic fatigue syndrome patients by using a 
dual MR-PET scanner to correlate magnetic resonance spectroscopy and PBR28 radioligand signals 
Sydney Brumfield, BA; Paula Sophia Lara Mejia, BA; Marco Loggia, PhD; Eva Ratai, PhD; Darin Dougherty, MD; 
Michael VanElzakker, PhD.  
 Myalgic encephalomyelitis/ chronic fatigue syndrome (ME/CFS) is a chronic illness that leaves people 
disabled or even house- or bedbound. It is estimated that up to 2.5 million US-Americans and 24 million 
people worldwide suffer from ME/CFS (Son, 2012) - a prevalence twice that of MS, but this disease remains 
understudied. ME/CFS symptoms include ‘sickness response’ symptoms such as general pain and fatigue, as 
well as cognitive impairments such as loss of attention. The hallmark of ME/CFS, post-exertional malaise, is an 
exacerbation of these symptoms after exertion. Many cases of ME/CFS begin with neurotrophic, flu-like 
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illnesses which led to speculation of ME/CFS having an infectious basis. Vagus nerve, a highly branched nerve 
involved in neuroimmune signaling, mediates the sickness response. It does so by detecting cytokines, which 
are immune signaling proteins released by innate immune cells. As such, vagus is central to subjective and 
physical accompaniments of being sick such as fatigue, cognitive impairments, sleep disruption, and reduced 
appetite. Because these are key components of ME/CFS, the vagus nerve may be implicated in its 
symptomatology. The vagus nerve infection hypothesis (VanElzakker, 2013) is a model of this association. Using 
MR-PET technology, the current project assesses this hypothesis by investigating glial function in ME/CFS 
patients. Glia, the brain’s immune cells, become activated when the central nervous system is damaged or 
infected and continued activation is a key component of neuroinflammation. The vagus nerve infection 
hypothesis suggests that ongoing signaling from neurotrophic agents (e.g. reactivated or latent viruses) may 
be detected by vagus nerve, which in turn sustain glial activation (Harry and Kraft, 2008). Activated glia 
produce translocator protein, detectable by the PET radioligand PBR28. Dual MR-PET technology allows the 
simultaneous measurement of PBR28 uptake and magnetic resonance spectroscopy, which is less expensive 
and invasive. By correlating the two measures, we hope to develop a more widely accessible procedure for 
measuring putative neuroinflammation in ME/CFS Perhaps related to ME/CFS, post-treatment Lyme disease 
syndrome (PTLDS), which is a persistence of Lyme disease symptoms after antibiotic treatment, is similarly 
poorly understood. ME/CFS and PTLDS patients share the common experience of cognitive dysfunction and 
fatigue after infectious disease onset. During MR-PET scanning, ME/CFS and PTLDS patients will undergo a 
cognitive task and receive continuous blood analysis in order to identify central mechanisms and possible 
biomarkers of their condition. 
chronic fatigue syndrome, PBR28, dual MR-PET scanning 

STAND 49 
Effects of early anti-inflammatory treatment and timing of working memory training on long-term cognitive 
outcomes in a model of neonatal hypoxia-ischemia 
Aaron Bradford, PhD; Elaine Kearney; Miranda Hernandez; Luke Theriault; Yao-Pin Lim, PhD; Barbara 
Stonestreet, MD; Steven Threlkeld, PhD 
 Hypoxic-Ischemic (HI) brain injury, common during human birth and the perinatal period, continues to 
be a significant problem causing life-long cognitive impairments. Early diagnosis may improve strategies for 
therapeutic intervention including those targeting the prolonged inflammatory cascade and/or emphasizing 
cognitive strategies later in life. In humans, optimal ages of intervention and effects on brain structure are 
difficult to study. A standard model of HI is used in rats to simulate injury at comparative developmental times 
to human birth. In this model, carotid ligation is carried out at P7, followed by hypoxia for 2 hours. We 
previously reported two intervention approaches that improve cognitive and sensory function in this rat model 
of HI injury. Firstly, Inter-alpha inhibitor proteins (IAIPs), a family of ubiquitous and structurally-related plasma 
proteins that modulate inflammatory responses to infection, improve cognitive and sensory processing when 
administered during early HI injury. Secondly, early training regimens, using an eight-arm radial water maze 
(RWM) task, improved successive cognitive performance in comparison to shams and HI subjects with no early 
training. Here we expanded these studies to assess the combined effects of early IAIPs treatment and RWM 
training, at two developmental time points, in order to identify possible critical windows for behavioral 
intervention. Sixty-seven male Wistar rats were divided into three groups; HI injury (n=20 post-surgery), sham 
surgery (n=22), and HI injury with two perinatal IAIPs injections (n=25). In order to assess cognitive intervention 
timing, subsets of the three treatment groups received either “early” RWM followed by a retest session (P31-
P50 and P74-P92) or “late” RWM testing followed by a retest session (P53-P71 and P95-113). Together, results 
support our previous findings that combining behavioral and anti-inflammatory interventions in the presence 
of HI injury improve subsequent learning performance, and further indicate critical periods for behavioral 
intervention to improve cognitive outcomes on the RWM. Results from this study provide insight into normal 
brain development and the impact of developmentally targeted task-specific enrichment on subsequent 
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cognitive processing, in addition to having significant implications for combinatorial anti-inflammatory and 
behavioral intervention following neonatal brain injury. 
Hypoxia-Ischemia, Behavior, Memory, Anti-inflammatory 

STAND 50 
Prevalence, etiology, and treatment of sleep disorders in autism spectrum disorder 
Bryant Chang, MS; Margaret Bauman, MD 
 Autism Spectrum Disorder is a range of neurodevelopmental disorders that typically manifest as social 
deficits, delayed or impaired communication skills, and repetitive behaviors in day-to-day life. Patients with 
Autism Spectrum Disorder (ASD) often present with other concurrent clinical disorders. Sleep disorders (SD) 
and sleep issues are highly prevalent in ASD children and rank as one of the most common concurrent clinical 
disorders. Sleep problems can have an impact on daytime health and may result in neurocognitive dysfunction 
and behavioral disruptions. Therefore, sleep disorders may have wide-ranging effects on daytime functioning, 
developmental progress, and quality of life for children with ASD. A literature review of studies, abstracts, and 
clinical trial data relating to ASD, SD, and other comorbidities observed in ASD was performed to provide a 
review of the research status of ASD, SD, the interplay between these two disorders, and therapeutic 
interventions that have been researched or are currently being investigated. Future areas of investigation 
based on the current state of autism research are also suggested. Current models and theories on the 
relationship between ASD and SD suggest that the underlying etiology of autism itself may contribute to sleep 
troubles, and might even have wide-reaching impacts on other unrelated aspects of ASD (Figure 1). 
Gastrointestinal, otolaryngologic, and psychiatric comorbidities are observed in autism and may affect sleep in 
these patients, but the mechanism by which this occurs is unclear. There are many treatments for sleep troubles 
in ASD such as melatonin and behavioral interventions, with varying success. Much work is required to 
understand the underlying mechanism between both autism and sleep disorders. There are multiple ongoing 
clinical trials underway which may have promising results, but there is still a need for more efficacious 
therapeutic interventions. Future studies should also incorporate robust data-collection instruments such as 
polysomnography to validate findings. 
autism, sleep, ASD 
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