
Hannah Alton 
Developing Human Stem Cell Models to Probe Mechanisms of Therapeutic Psychedelics 
Research Director: Dr. Steve Haggarty 
 

Psychedelic drugs are predominantly known for their effects on cognition and sensory 
experiences, but a growing body of research suggests that they have therapeutic potential. 
Neuroplasticity, the ability of the brain to reorganize and adapt, is impaired in psychiatric 
illnesses such as major depression and post-traumatic stress disorder. The therapeutic effect of 
psychedelic compounds is hypothesized to occur via promoting neuroplasticity by acting on the 
serotonin system, particularly the serotonin 2A (5-HT2A) receptor. However, a deeper 
understanding of mechanisms of action of these compounds is necessary for the development 
of precision psychedelic medications. The following study establishes a human neuronal model 
to evaluate psychedelic-induced neuroplasticity. Neural progenitor cells derived from human 
induced pluripotent stem cells (iPSCs) were differentiated for up to 6 weeks and imaging via 
immunocytochemistry showed expression of mature neuronal markers at the appropriate 
timepoints. Western blots of the 5-HT2A receptor confirmed its presence throughout 
differentiation, and the functionality of the receptor was validated by Western blots of 
phospho-ERK and phospho-PAK. Once the model was established, the 5-HT2A agonist 2,5-
Dimethoxy-4-iodoamphetamine (DOI) was screened for its effects on neuroplasticity, quantified 
by changes in the density of immunostained synapses. Results are forthcoming regarding 
whether DOI increases synapse density in a human neuronal model and whether this effect can 
be blocked by the 5-HT2A antagonist ketanserin. To our knowledge, this is the first panel of 
human iPSC-derived neurons used to screen psychedelic compounds; the development of this 
model paves the way towards future high-throughput ex vivo drug screens.



Tobi Ariyo 
Fragmentation of the Moral Brain: Exploring the Component Processes of Moral Reasoning 
and its Relevance to Large-scale Association Networks, the 
Research Director: Dr. Randy Buckner 

 
Morality is amongst the most complex and unique features of human behavior, judgment, 

and identity. With the advent of functional neuroimaging imaging (fMRI), the investigation of 
human morality has evolved— with focus shifting towards whether we might be able to gain 
insight into the nature of morality by understanding how our brains support moral reasoning. 
The goal of this project, therefore, was to take a more expansive yet nuanced approach to 
explore morality in the brain. Prior studies have linked different types of moral tasks to regions 
within the canonical default network (DN), which we now know comprises multiple networks. 
We, therefore, sought to leverage advances in within-individual network estimation to 
investigate whether newly-identified networks may differentially support different types of 
moral reasoning. Specifically, we sought to investigate how moral decision-making (MD) tasks 
and moral judgment tasks (MJ), might differentially engage these newly-identified networks. 
network. Towards this aim, a two-phase study design, consisting of an online behavioral study 
and an fMRI-based study, was constructed. For the behavioral study, stimuli across 4 different 
dimensions were created: moral decision-making (MD), nonmoral decision-making (NMD), 
moral judgment (MJ), and nonmoral judgment (NMJ). Following each task question, 
participants were asked to rate how they answered each question, quantifying trial-level 
variance across different dimensions. The behavioral data suggest that different tasks engage 
distinct behavioral component processes and have unique strategy fingerprints. Analysis of 
fMRI neuroimaging data is currently underway.



Karina Ascunce Gonzalez 
Novel Protocol for Understanding the Role of Cell Metabolism in Early Human Embryogenesis: 
Modeling Neurulation and Somitogenesis in 3D Cell Culture, A 
Research Director: Dr. Olivier Pourquie 
 

Early human embryogenesis is defined by several key events, particularly gastrulation, 
neurulation, and somitogenesis. Understanding these events can allow us to better understand 
a variety of biological processes, particularly those concerning human development and 
disruption of growth-related processes (e.g. cancer). During development, neuromesodermal 
progenitor cells (NMPs), a distinct population of cells that derive from the primitive streak-
derived epiblast during gastrulation, in the posterior region of the embryo contribute to both 
later spinal cord and paraxial mesoderm formation. In the case of NMPs, there is a propensity 
for these cells to differentiate in one of two ways, such that there may be repression of the 
opposing cell fate when an NMP differentiates toward a neural or mesodermal lineage. In this 
thesis, we interrogate the bifurcation of neuromesodermal progenitor cells into neural or 
mesodermal fates, with a focus on the role of metabolism in driving neural differentiation. By 
differentiating and imaging hiPSC reporter lines, we quantify end products of metabolic 
processes (e.g. pyruvate for glycolysis) and other signaling pathways (e.g. mTOR) that may be 
implicated in NMP differentiation towards neural progenitors. We expect glycolysis may play a 
key role in this process, as the tendency of NMP cells to differentiate towards a mesodermal 
fate is associated with an upregulation in glycolysis, similar to that of the Warburg effect 
(aerobic glycolysis) seen in most cancers.



Isabella Aslarus 
Novelty-Enhanced Learning: An Exploration of Behavioral Tagging in Humans 
Research Director: Dr. Liz Phelps 
 

Learning and memory are critical for our ability to navigate the world around us, and 
strategies to enhance them would lead to many benefits. The behavioral tagging hypothesis 
presents a potential method for enhancing learning. It states that weak learning events, 
ordinarily represented in short-term memory, can be consolidated into long-term memory if 
they coincide with strong learning events. One example of weak learning is extinction learning 
for fear memories, in which individuals develop a new memory that a previously-feared 
stimulus is actually safe. In contrast, novelty exposure can serve as a strong learning event. In 
animal models, the strong learning induced by novelty exposure before or after extinction 
learning has been shown to enhance weaker extinction learning and decrease fear responses. 
However, while there is a robust literature on behavioral tagging in animal models, there are 
fewer studies with human participants. In particular, there are mixed findings on novelty-
enhanced learning in general in humans, and knowledge about novelty-enhanced learning in 
the context of anxiety, fear, and extinction is very limited. New findings in this area could have 
significant clinical applications because fear and extinction circuitry underlie anxiety disorders, 
and weaker extinction learning provides the basis for exposure therapy, a treatment that is 
prone to relapse but could be made more robust with learning enhancement strategies like 
novelty exposure. This thesis will explore novelty-enhanced learning in humans, with a 
particular focus on the behavioral tagging hypothesis and anxiety.



Michelle Aye 
Characterization of Drug Penetration through the Rhesus Monkey Blood-Brain-Barrier using 
MALDI Mass Spectrometry Imaging and Immunohistochemistry 
Research Director: Dr. Nat Agar 
 

The blood-brain barrier (BBB) is a diffusion barrier that regulates the molecular traffic 
between blood and brain, effectively maintaining cerebral homeostasis. The BBB’s importance 
in proper brain function is undeniable but a complication that arises from its relative 
impermeability is in the treatment of central nervous system (CNS) disorders, including brain 
cancers. Most cancer drugs cannot reliably bypass the BBB through traditional oral or 
intravascular administration, making the treatment of brain disease remarkably challenging. 
With the incidence of brain metastatic disease on the rise, there is a need for better 
understanding of the BBB and its mechanisms, which will render the development of more 
efficient drug therapies and/or delivery systems. This thesis explored drug penetrance in the 
BBB using the novel approach of matrix-assisted laser desorption/ionization (MALDI) mass 
spectrometry imaging (MSI). To have a system most relevant to and predictive of the CNS in 
humans, we studied the dynamics of drug uptake and metabolism in the non-human primate 
(NHP) model through MALDI MSI and immunohistochemistry staining (IHC). Through MALDI 
MSI, we defined BBB regional heterogeneity in drug distribution. Notably, we found the highest 
concentrations of drug in the choroid plexus as well as the cerebral ventricles. In conjunction, 
we profiled regional differences in expression of BBB regulators such as astrocyte end-feet and 
tight junction proteins with IHC to characterize the molecular makeup of the BBB relative to 
drug penetration.



Nadine Bahour 
Effect of Insulin Resistance on Hypothalamic Senescence, The 
Research Director: Dr. Cristina Aguayo-Mazzucato 
 

Aging is a time-dependent decline in cellular function characterized by different hallmarks 
including senescence; a state in which cells stop dividing but remain metabolically active with a 
changed phenotype. Several diseases including neurodegenerative, hypertension, and diabetes 
accelerate senescence leading to local dysfunction. Type 2 Diabetes (T2D) is characterized by 
failure of pancreatic b-cells in peripheral insulin resistance leading to a loss of glucose 
homeostasis. The metabolic changes characteristic of T2D have repercussions in all other 
tissues amongst which neuronal damage has been described by neuropathy and glucose 
toxicity. Within the brain, the hypothalamus has been linked to systemic aging, and it expresses 
high levels of the insulin receptor making it susceptible to changes in circulating insulin and 
glucose. Therefore, we explored the effect of insulin resistance on hypothalamic senescence 
and its correlation to behavioral changes. We hypothesized that our models would accelerate 
senescence. Two insulin resistance models in male C57Bl6J mice were used: insulin receptor 
antagonist S961 (40nM/week for 2 weeks, 6–8-month-old) and high fat diet (HFD) (60% kcal fat 
for 8 weeks, 12-week-old). We evaluated the expression of senescence markers in the 
hypothalamus, compared the effect of senolytics (ABT-263) on hypothalamic senescence, and 
evaluated insulin resistance-induced behavioral changes. Senescent marker p21Cip1 expression 
increased significantly in both models. HFD animals showed increased anxiety assessed by 
nesting and burrowing tests. Additionally, senescent cell deletion therapy by ABT-263 
decreased senescence in the hypothalamus of insulin-resistant mice induced by S961. In 
conclusion, insulin resistance accelerated hypothalamic senescence as measured by identified 
genes.



Carter Bell 
Characterizing Regional Tau Deposition in Chronic Traumatic Encephalopathy: An 
Investigation of the Neuropsychiatric and Neurocognitive Sequelae of CTE Pathology in the 
Frontal Lobe 
Research Director: Dr. Mike Alosco 
 

Chronic traumatic encephalopathy (CTE) is a neurodegenerative disease associated with 
repetitive head impacts. Previous research has identified accumulation of phosphorylated tau 
protein(p-tau) to be involved in CTE diagnosis and disease progression but has not investigated 
the degree to which p-tau accumulation impacts clinical outcomes. This study seeks to 
understand the potential correlation between p-tau accumulation in the frontal lobe and scores 
on clinical scales measuring behavioral, cognitive, and mood symptoms in subjects diagnosed 
with CTE. The clinical scales in question are the Brown-Goodwin Aggression Scale, the 
Behavioral Regulation Index of the Behavioral Regulation Inventory of Executive Function, and 
Functional Activities Questionnaire for the measurement of behavioral symptoms; the Meta 
Cognition Index of the Behavioral Regulation Inventory of Executive Function and Cognitive 
Difficulty Scale for the measurement of cognitive symptoms, and the Apathy Evaluation Scale 
and the Geriatric Depression Scale for the measurement of mood symptoms. P-tau 
accumulation was semi-quantitatively evaluated by three neuropathologists blind to the clinical 
data. A partial correlation analysis was used to determine any potential correlations between 
accumulation of p-tau in the frontal cortex and scores on clinical scales. This investigation found 
a significant association between scores on the Behavioral Regulation Index, Apathy Evaluation 
Scale, Functional Activities Questionnaire, and p-tau accumulation in the frontal lobe. This 
thesis is a novel approach in the field of CTE research and the findings from this research as well 
as future projects suggested here will be critical in the further development of clinical prognosis 
in living subjects with CTE.



Milo Benedict 
Macrophage Response and Long-Term White Matter Changes in a Mouse Model of 
Intraventricular Hemorrhage 
Research Director: Dr. Maria Lehtinen 
 

Intraventricular hemorrhage (IVH), or hemorrhage in the ventricles of the brain, is a 
common, but devastating injury associated with premature birth which can lead to 
developmental delay and cerebral palsy. These conditions are thought to be caused in part by 
damage of the myelin sheaths surrounding axons, collectively known as the white matter. 
Evidence suggests that red blood cells (RBCs), full of pro-oxidant molecules, may be 
contributing to this brain damage. Using a mouse model, we examined whether intact red 
blood cells or their lysed versions had an effect on the inflammatory response within the brain’s 
ventricle, and if these were sufficient to cause white matter damage. Postnatal day (P4) mice 
received intracerebroventricular injections of intact RBCs, lysed RBCs, or saline. At P5, acute 
macrophage responses were analyzed by brain histology. Our analysis revealed decreased 
ipsilateral macrophage number in the ventricles in lysed RBC treated animal. Three weeks post 
injection (P27), bulk and local cortical myelination and the population of mature vs. immature 
oligodendrocytes were analyzed by immunoblotting and histology. We also observed higher 
oligodendrocyte precursor cells in the corpus callosum of intact RBC treated animals. However, 
no difference was observed in bulk or local myelination in the cortex ipsilateral to the injection 
site. While possible that blood components other than RBC products may play a role, expanding 
the time course of our study and further expanding our methodology will allow us to track RBC 
mediated effects on immune surveillance and myelination throughout development and 
elucidate targets for therapeutic intervention.



Jacob Blair 
We Can’t All Be Right: The Neural Correlates of Distinguishing Between Fact and Opinion 
Statements in a Political Context 
Research Director: Dr. Mina Cikara 
 

In a highly polarized political climate, distinguishing between matters of fact and matters 
of opinion is paramount. Perhaps as a result of this polarizing climate, people seem to have 
difficulty in distinguishing between "fact" and "opinion" statements when they are political as 
opposed to when they are apolitical. By employing online behavioral studies as well as fMRI we 
investigated this epistemic grey area. That is, while the statements "I agree" and "That's true" 
are sometimes confused, they carry quite different epistemic meanings. To say "I agree" implies 
that a statement is an opinion while saying "That's true" implies that it is a fact. Our findings 
suggest that perceived consensus (how many Americans an individual thinks agrees with their 
view) and moral relevance (how deeply an individuals feelings about the topic addressed in the 
statement connected to their fundamental beliefs about right and wrong).



Alex Chaumette 
Psychosocial Adversity and Language Learning Outcomes of 2- and 5-year-old Bangladeshi 
children: An fNIRS Analysis 
Research Director: Dr. Chuck Nelson 
 

While early life adversity is understood to confer long-lasting influences on behavior, 
physical, and mental health outcomes, the neurobiological basis of these influences remains to 
be well understood. The present work investigated associations between exposures to early life 
psychosocial adversity and neuroimaging and cognitive outcomes in children at two (N=72) and 
five years (N=93) of age in the urban slums of Dhaka, Bangladesh. The analysis aimed: (1) to 
assess whether variation in neuroimaging outcomes on a statistical learning paradigm can be 
predicted by indicators of early life adversity; and (2) to explore a mediation model, 
determining if neuroimaging outcomes mediate the relationship between psychosocial 
adversity and cognitive performance. Functional near-infrared spectroscopy (fNIRS), a 
neuroimaging technique increasingly employed in developmental neuroscience research, was 
used to record hemodynamic responses during an auditory statistical learning task. Cumulative 
exposures, as well as subscale measures linked to key dimensions of adversity, from the 
Childhood Psychosocial Adversity Scale (CPAS) were incorporated to determine the relationship 
between adverse exposures and neuroimaging and behavioral outcomes. While higher levels of 
oxygenated hemoglobin in response to the predictable condition were found for the children at 
2 years of age, children at 5 years of age exhibited consistently higher levels of oxygenated 
hemoglobin in response to the novel condition. These results suggest that sensitivity to 
auditory structure emerges as early as 2 years of age, calling for interventions that address the 
early life psychosocial environment.



Sheila De La Cruz 
Maternal Depression and Infant Internalizing Behaviors: Potential Mediation and Moderation 
Roles of EEG Frontal Alpha Asymmetry and Child Opportunity Index 
Research Director: Dr. Chuck Nelson 
 

This project aimed to investigate the role of EEG frontal alpha asymmetry (FAA) as a 
mediator for maternal depression and infant internalizing behavior. In addition, the Child 
Opportunity Index (COI) was examined as a potential moderator for the relationship between 
maternal depression and EEG FAA. Participants were recruited from Boston Children’s Hospital 
and the Children’s Hospital in Los Angeles under the longitudinal project, the Research Network 
on Toxic Stress and Health.The Edinburgh Postnatal Depression Scale (EPDS) was used to 
measure maternal depression at infant age of 6 months. EEG power patterns (e.g. alpha 
asymmetry) were measured at infant age of 12 months. Child internalizing behavior was 
measured using the anxiety/depressive sub-scale from the Infant Toddler Social Emotional 
Assessment (ITSEA) at infant age of 24 months. No significant findings were found for EEG FAA 
at a high or low alpha as a mediator for maternal depression and child internalizing behaviors. 
No significant findings were found for COI as a moderator for maternal depression and EEG FAA 
at high or low alpha. One potential for the lack of significant findings is the loss of power during 
statistical analysis. While data across sites was collected for a total of 116 participants, not all 
variables were completed by each participant leaving a small portion of the population, nearly a 
fourth, in the latest analyses. Further statistical analysis is in progress to examine this limitation. 
It is certainly possible though, that the findings are simply not statistically significant.



Jenny Gan 
Investigating Alterations in Neural Responses During Evoked Pain Following Mindfulness 
Intervention in Patients with Anxiety and Depression 
Research Director: Dr. Zev Schuman-Olivier 
 

Background: Mindfulness Training for Primary Care (MTPC) is a mindfulness-based 
intervention designed for primary care patients with depression and anxiety. We studied how 
mindfulness influenced mechanistic self-regulation targets (i.e., emotion regulation, 
interoceptive awareness), as assessed by fMRI. Learning about brain mechanisms can support 
clinical behavioral effects and has implications for the effective treatment of this population. 
Methods: To investigate the effects of MTPC on brain mechanisms of evoked pain, adults 
(n=41) with depression and/or anxiety completed baseline and post-treatment fMRI visits. 
Results: Following MTPC, participants showed significantly increased levels of interoceptive 
awareness, decreased levels of anxiety, and significant decreases in subjective ratings of pain 
intensity and unpleasantness. At post-treatment, decreased fMRI response during pain was 
observed in right ventrolateral prefrontal cortex (RVLPFC) as compared to baseline. 
Additionally, decreased fMRI response during pain anticipation was observed in RVLPFC, left 
ventrolateral prefrontal cortex (LVLPFC), and right supplementary motor area (RSMA). 
Furthermore, there was a significant correlation between increased MAIA score and decreased 
posterior cingulate cortex fMRI activity during the pain response. Discussion: The decreased 
activation at post-treatment of key emotion regulation areas during pain and pain anticipation, 
decreased recruitment of a key node in the default mode network, and participant’s improved 
anxiety and interoceptive awareness point to MTPC’s effectiveness. This study suggests that 
MTPC can decrease the need for emotional regulation during the experience and anticipation of 
negative stimuli and/or decrease the salience of the painful stimulus itself.



Brandon Gong 
Investigating BDNF Mediation of Aβ Pathology in a 3D Neural Stem Cell Culture Model of AD 
Research Director: Dr. Se Hoon Choi 
 

 Alzheimer’s disease (AD) is currently the most prevalent form of age-related dementia. 
While the molecular pathogenesis of AD is not fully clarified, the presence of amyloid-β (Aβ) 
and tau protein in the brain tissue of AD patients is well documented as contributing to the 
pathology of AD. Brain-derived neurotrophic factor (BDNF) is an essential neural growth factor 
that contributes to learning and memory in the brain, and has been the focus of intense 
interest in research on neurodegenerative disease. However, only limited studies have 
investigated the ability of BDNF to directly modulate Aβ levels, tauopathy, and/or 
neuroinflammation, and these studies show mixed results. In the present study, we evaluated 
the effects of BDNF on Aβ and tau pathologies in a three-dimensional cell culture model of AD 
(3D-AD cultures) which we developed previously. These 3D-AD cultures are modified to express 
increased levels of amyloid precursor protein (APP), and are unique in recapitulating the 
specific amyloid-driven tau pathology that is observed in human AD brains. We measured Aβ 
and tau, along with protein byproducts of APP processing, with western blotting and MSD 
immunoassays. We report that at high concentrations, BDNF decreases levels of Aβ40 and Aβ42 
in media, as well as the Aβ42/Aβ40 ratio, and contributes to a decrease in the phospho-
tau/total tau ratio. We also find that BDNF decreased levels of APP-CTF⍺, APP-CTFβ, and cell-
surface APP in the 3D gels, suggesting that its effect on amyloid pathology may be related to 
changes in intracellular APP trafficking.



Andrew Ham 
Nociceptor control over resolution of inflammation and tissue repair in the skin 
Research Director: Dr. Clifford Woolf 
 

Introduction: Debilitating inflammatory pain is a common issue in clinical settings, but its 
molecular mechanisms are poorly understood. Nociceptors, sensory neurons that relay the 
sensation of pain, modulate skin inflammation through bi-directional interactions with the 
innate immune system. In particular, Trpv1-expressing nociceptors and their major 
neuropeptide CGRP have been implicated in pain hypersensitivity; we investigated their role in 
the healing and reparative phases of skin inflammation. 

 
Methods: Trpv1 nociceptors were ablated in mice using the expression of diphtheria toxin 

and studied under a plantar incision injury model to characterize the neurons’ role in healing. 
To study CGRP in the resolution of Zymosan-induced inflammation, BIBN 4096, a CGRP 
antagonist, was utilized. Skin samples were harvested and flow cytometry analysis was used to 
quantify immune cell subpopulations. ELISA immunoassays were used to investigate CGRP’s 
impact on bone marrow-derived macrophages (BMDM) and secreted cytokines in vitro. 

 
Results: Neutrophil levels were significantly increased in Trpv1-ablated mice compared to 

controls 96 hours after paw incision, and visible impediments to wound healing were observed. 
Neutrophil levels were also higher in mice with CGRP blocked in vivo by BIBN. In vitro studies of 
BMDMs suggested that CGRP reduces levels of the pro-inflammatory cytokine TNFα directly 
and reduces pro-inflammatory IL-6 through IL-10 as an intermediary cytokine. 

 
Discussion: Trpv1-expressing nociceptors appear to affect the clearance of neutrophils 

from skin tissue during inflammation’s healing phase. Their neurotransmitter, CGRP, was found 
to act directly on macrophages and suppress the release of inflammatory cytokines which may 
be controlling neutrophil levels at sites of injury and delaying healing. Understanding, in more 
detail, the neuronal mechanisms that govern healing will provide greater insight into the 
modulation of inflammatory pain in the clinic. 



Samantha Hererra 
Potential Role for Kynurenine in Maternal Inflammation-induced Neurodevelopment 
Pathologies, A 
Research Director: Dr. Naama Kanarek 
 

Past research has shown that there exists a link between maternal inflammation and 
infection and resultant neurodevelopmental issues in children. However, it was unclear what 
was causing this link. The researchers in my lab hypothesized that there might be potential 
alterations in the embryonic cerebrospinal fluid (eCSF) during the period of maternal 
inflammation. They used liquid chromatography - mass spectrometry (LC-MS) to investigate the 
metabolic composition of eCSF. eCSF samples from mice born to mothers that were exposed to 
induced inflammation were first analyzed using untargeted metabolomics. These samples, 
when compared to control mice whose mothers had no inflammation, showed elevated levels 
of several metabolites belonging to the kynurenine pathway. Further investigations with 
targeted metabolomics, now focusing on kynurenine and its various related metabolites, 
revealed that the test mice indeed showed changes in their kynurenine levels. During these 
tests, we also developed a new, better LC-MS procedure for detecting serotonin levels in a 
sample.



Katrina Hon 
Sexual Dimorphism of the Hippocampus Structure and Function in Psychosis 
Research Director: Dr. Marek Kubicki 
 

Previous studies showed that psychosis presents with sex-specific cognitive deficits in 
memory and emotion regulation that may be mediated by hippocampal pathology. However, 
research on the role of sex-specific structural hippocampal abnormalities in psychosis remains 
limited. We analyzed sexual dimorphism of hippocampal subregion volumes in individuals with 
psychosis compared to healthy controls and investigated the association between structural 
abnormalities and cognitive deficits. We applied an automated and validated segmentation 
method to extract anterior, posterior, cornu ammonia (CA), dentate gyrus (DG), and subiculum 
hippocampal subregions from magnetic resonance imaging (MRI) data. Memory and emotion 
regulation were measured using NIH Toolbox tests. We applied 11 Analysis of Covariance tests 
(ANCOVAs) (five hippocampal volumes and six cognitive tests), corrected for age and MRI 
scanning site, to examine sex, group, and group by sex interaction effects. We then measured 
correlations (stratified by sex) between hippocampal volumes and test scores. ANCOVAs 
demonstrated a significant sex effect for all hippocampal subregions (p<0.05) and significant 
group differences for memory and emotion regulation (p<0.05), though the group by sex 
interaction effects did not reach significance. No overall correlation pattern between 
hippocampal volumes, memory, and emotion regulation was observed. Our results show that 
the hippocampus demonstrates structural sexual dimorphism in healthy controls and 
individuals with psychosis and that individuals with psychosis present memory deficits and 
more negative affect compared to healthy individuals. Findings regarding structure-function 
associations are inconsistent. Further research such as hippocampal shape analysis can help 
determine the relationship between sex, hippocampus, memory, and emotion regulation in 
psychosis.



Kaledora Kiernan-Linn 
Developing a Microglia-Specific Viral Vector Through Novel Gene Regulatory Elements 
Research Director: Dr. Beth Stevens 
 

Recent genome-wide association and exome-sequencing studies have revealed the 
presence of Alzheimer’s Disease (AD) risk variants in or near genes expressed by microglia, 
lending support to the hypothesis that differential microglial gene expression plays a causal role 
in neurodegenerative disease. Despite these and other findings, research on microglial gene 
function remains hampered by a dearth of effective tools for manipulating gene function in 
vivo. Indeed, microglia are unique among brain cell types in their resistance to transduction by 
viral vectors. Novel AAV capsids such as AAV-PhP.B can transduce a majority of neurons and 
astrocytes in mice, exhibiting as much as a 40-fold increase in transduction efficiency vis-à-vis 
standard capsids like AAV9. Yet these efforts have proved broadly unsuccessful in microglia. 
This project endeavored to develop a novel, microglia-specific viral vector using novel gene 
regulatory elements to fill this key tool gap. In section one, we established proof of concept by 
identifying bottlenecks to microglial transduction, administering lentiviral vectors with differing 
constitutive promoters in vivo through stereotactic injection. Next, we conducted analysis of 
ATAC sequencing data to identify microglia-specific gene regulatory elements (promoters and 
enhancers) with potential to increase vector specificity. In section three, we produced 
recombinant AAVs containing these gene regulatory elements, first using in vitro transduction 
efficiency and cell-type specificity as a screen to identify promising candidates, before inserting 
the gene regulatory elements of these successful candidates into recombinant lentiviruses. 
These novel vectors were finally tested in vivo, delivered through injection into the cortex of 
neonatal mice. Our results demonstrate the potential for novel gene regulatory elements to 
both increase transduction efficiency and cell-type specificity to drive transgene expression in 
microglia.



Elizabeth Kinard 
Opioid Dependence and Withdrawal-Driven Modulations of Feeding in Male and Female rats 
Research Director: Dr. Elena Chartoff 
 

Question/Hypothesis: We aim to investigate the way in which opioid use and withdrawal 
modulates the homeostatic need to feed as well as the motivation to seek rewarding food, and 
highlight the possible role that Melanin-Concentrating Hormone (MCH) and orexin (orx) 
neurons play in these behavioral changes. Since opioid withdrawal is associated with an 
increase in ORX expression but decreased feeding, we hypothesize that this could be explained 
by a simultaneous decrease in MCH activity, resulting in an overall decrease in motivation to 
eat. 

Methods: Using male and female rats, we measured food and water intake, body weight, 
and motivation to eat via progressive ratio sucrose administration tasks to get a baseline. Then, 
we implanted slow-release morphine pellets in half of the rats, taking the same measurements. 
To induce withdrawal, we administered naloxone injections and took the same measurements 
throughout. Then, we quantified MCH and ORX co-expression with cFos in the lateral 
hypothalamus using immunohistochemistry to determine if there are any modulations in 
MCH/ORX neuronal activity as a result of opioid withdrawal. 

Results: Naloxone-induced withdrawal suppresses body weight gain and decreases chow 
intake in placebo and morphine rats. The reinforcing effects of sucrose, shown with self-
administration, and the motivation to work for sucrose, shown with progressive ratio, are 
highly variable during development of morphine dependence. Naloxone decreases the 
reinforcing and motivational properties of sucrose in both placebo and morphine rats. 
Naloxone induces cFos expression in ORX-expressing neurons in the LH of morphine-
dependent, but not placebo, rats. Consequently, orexin activity cannot be solely responsible for 
the alterations in feeding behavior during morphine withdrawal, since naloxone reduced 
motivation in placebo and morphine rats, but only induced cFos in morphine-treated rats.



Caroline Kremer 
Perceptual Hypersensitivity to Sound Following Acoustic Trauma 
Research Director: Dr. Dan Polley 
 

Across sensory systems, perceptual disorders that involve hypersensitivity to normal 
stimuli are enigmatic, but often appear following damage to the sensory periphery that reduces 
or eliminates input to higher brain regions. Recent studies suggest that sensory cortices 
respond to peripheral sensory deprivation with a drastic increase in neuronal activity, which 
may drive subjective reports of perceptual hypersensitivity. Hyperacusis, a disorder in which 
normal auditory stimuli are perceived as being excessively loud, is thought to follow this model. 
However, the causal link between a loss of peripheral input, cortical hyperactivity, and 
perceptual hypersensitivity is ill-defined. We studied these phenomena in mice, using a two-
alternative forced choice (2AFC) task that required mice to categorize tones as either loud or 
soft, thereby quantifying their perception of loudness. Following a training period, we noise-
exposed mice to damage the auditory periphery, using two well-established hearing loss 
protocols, in order to visualize their changes in loudness perception as compared to sham-
exposed mice. Additionally, through optogenetic inhibition experiments, we transiently 
inactivated the auditory cortex (ACtx) by selectively activating PV+ inhibitory interneurons on 
trials of the 2AFC task. We found that acoustic trauma reliably induced an increase in loudness 
perception, which causally linked peripheral sensory deprivation to perceptual hypersensitivity. 
Furthermore, this expression of loudness perception depended on cortical activity, in that 
optogenetic silencing of ACtx led to a decrease in loudness perception. Taken together, these 
results indicate that, following damage to the auditory periphery, compensatory cortical 
hyperactivity may drive the perceptual hypersensitivity that defines hyperacusis.



Huong Le 
Molecular RNA and protein machinery within subtype-specific corticospinal neurons and their 
synapses as potential underpinnings of selective vulnerability in amyotrophic lateral sclerosis 
Research Director: Dr. Jeff Macklis 
 

This thesis aims to investigate the molecular mechanisms that can help explain selective 
vulnerability of CSN/SCPN in ALS using a wide range of approaches that investigate how 
different CNS neuronal components are affected in ALS degeneration. Through generations of 
CRISPR Cas9-mediated knockdown constructs of potential ALS-causative candidate genes, such 
as TDP-43, SOD1, and STMN2-4, and different molecular validations in hSOD1G93A model mice, 
the most well-known transgenic model mice for studying ALS, I investigated whether their 
absence affects the normal functioning of CSN/SCPN compared to other neuronal subtypes in 
the same cortical layers of the cortex. 

   Lastly, with a personal interest to investigate the role of synapses, a neuronal component 
at the end of the growing axon, I also adapted and optimized state-of-the-art synaptosome 
purification and enrichment approaches to isolate and investigate CSN subtype-specific 
synaptic transcriptomes and proteomes that might contribute substantially to selective 
vulnerability in ALS, using the most widely studied human mutation hSODG93A ALS mouse 
model. I isolated cortical and spinal synaptosomes of 6-week-old mice via ultracentrifugation 
and sucrose density gradients. I then performed western blots, testing for the enrichment of 
presynaptic markers (synaptophysin), vesicle membranes (Syn1), markers in the postsynaptic 
dendrites (PSD-95), and de-enrichment of markers of reactive astrocytes (GFAP), 
oligodendrocytes (MOG), and mitochondria (IDH3A). 

   Thus far, I have isolated and confirmed both enrichment and protease protection of pre-
and postsynaptic markers, indicating isolation of at least partially intact membrane-bound 
synaptosomes. These results indicate that synaptosomes can be isolated with membranes 
remaining at least partially intact after ultracentrifugation during purification. I next aim to 
apply this optimized approach to isolate and analyze CSN subtype-specific synaptosomes in 
hSODG93A ALS model mice.



Kassia Love 
Model of Human-Vehicle Closed Loop Control: Effects of Altered Gravity and Vestibular 
Sensory Precision 
Research Director: Dr. Faisal Karmali 
 

The vestibular system provides the brain with input critical for human manual control. Due 
to noise in the nervous system, perception of motion is inherently imprecise. However, even in 
the presence of noisy information, the brain is able to execute motion with excellent precision. 
Thus, we studied the role of noise on behavior in vestibular-normal individuals by utilizing a 
computation model of a vestibular manual control task. Additionally, to study the effects of 
gravity on manual control performance, we modeled the task under conditions of (1) Earth 
gravity, (2) hypo-gravity, and (3) hyper-gravity. Using 0.2 Hz roll-tilt thresholds and manual 
control task performance from eleven normal subjects, a control system model was designed. 
Simulations were conducted to understand the relationship between vestibular roll-tilt 
thresholds and manual control task performance, as well as the relationship between gravity 
and manual control task performance. Since greater noise alters the brain’s perception of 
spatial orientation, we predict that there will be a correlation between a subject’s performance 
and their vestibular threshold. Given that altered gravity exerts different magnitudes of 
shearing on the vestibular hair cells in the utricle, we also predict that there will be a positive 
correlation between a subject’s performance and magnitude of gravity. This modelling is 
important to understand the effects of gravity on spatial orientation and locomotion during 
altered gravity events such as space exploration, and for the further study of the effects of 
vestibular noise on behavior.



Fredericka Lucas 
Identifying a Critical Period for Social Aversion Following Early Life Stress in Female Mice 
Research Director: Dr. Takao Hensch 
 

Stressful conditions during childhood such as poverty, malnutrition, mistreatment, and 
neglect can have significant impacts on the development and function of the brain. These 
effects have been studied in mouse models and have been found to translate into impaired 
emotional and social behaviors. This research builds upon prior research examining the effects 
of early life stress on mice to measure social reward learning behavior in mice that have been 
subjected to stress through the fragmented care model in comparison to mice raised under 
control care. In order to assess social reward learning, C57BL/6J wild type control care and 
fragmented care mice were subjected to a social conditioned place preference assay. In 
addition to these mice Lynx1 mutant mice were also tested, which demonstrate increased 
plasticity, learning, and memory as well as a prolonged critical period. Two age groups were 
tested: one group between day 30 and day 50, and one group between day 90 and day 110. 
There was no statistically significant difference found between fragmented case and control 
care mice nor between age groups. Lynx1 mice demonstrated increased plasticity relative to 
the other groups. These results indicate that conditioned place preference assay may be more 
appropriate for understanding the rewarding aspects of stronger stimuli, such as addictive 
drugs. More research is necessary to elucidate the potential effects of early life stress on social 
reward learning.



Uriel Martinez 
Exploration of the Relationship Between REM Theta Power Spectral Density and Extinction 
Retention, An 
Research Director: Dr. Ed Pace-Schott 
 

Background: Emotional learning by association is paramount for understanding anxiety 
disorders like PTSD, where individuals may have impaired emotional learning and memory. 
Rapid eye movement (REM) sleep is thought to play a role in emotional memory, and REM EEG 
hippocampal theta, a defining feature of REM in rodents, has also been associated with 
contextual memory consolidation. This thesis seeks to examine the relationship between REM 
theta spectral power during the consolidation night and extinction retention in TECs and 
participants with PTSD. 

 
Methods: 139 TECs or participants with PTSD underwent Milad’s fear conditioning, 

extinction, and extinction recall protocol. This protocol provided the information necessary to 
calculate physiological and expectancy measures of extinction retained. EEG theta spectral 
power was measured with PSG during all three nights including the consolidation night on the 
second day. 

 
Results: None of the spectral or fear retention measures differed between the two groups 

and REM theta power did not vary with fear from extinguished stimuli with linear regression. 
However, these parametric tests suggested that theta power did predict retention of 
unextinguished fear indirectly and directly for physiological and expectancy measures 
respectively. After identifying the non-normal distribution of the predictor variables with the 
Shapiro-Wilk test, the Spearman's rank correlation coefficient pointed to a nonsignificant 
positive trend unextinguished fear had a positive trend with physiological and expectancy 
measures. 

 
Conclusions: While physiological and expectancy measures of extinction retention were 

not found to be associated with REM theta spectral power, parametric tests indicate that theta 
power influences unextinguished fear, but its direction requires more study; the same was not 
found with non-parametric tests.



Nora Marzouqa 
Missing Children of Romania: A Story of a Group Erased from Its Own Narrative, The 
Research Director: Dr. Kate McLaughlin 
 

Chapter 1: The Romanian children are decentralized in their history - the efforts directed 
towards Romania are internationally imported, particularly from the US, and therefore serve 
the international community. By examining the sequence of events that led to the founding of 
the BEIP I show how the efforts to study the children were more motivated by serving American 
science, than the Romanian orphans. Hence, the story becomes a story of research, science and 
help rather than a story of the children. 

Chapter 2: The Romanian children decentralized in the science - By walking through the 
methods and analysis of one of the BEIP’s datasets it becomes clear that there is no space for 
the children, as individuals, in the neuroscience conducted by the BEIP. I analyze a novel 
dataset from the BEIP in an effort to find if the quality of care the children were receiving 
wether in foster care, the institution or the general society, correlated with the structural 
deterioration of their brains. I demonstrate how the necessity of categorization for scientific 
conclusions decenters the orphans from the science conducted. In turn this supports the idea 
that the science was conducted for science, not the children. 

Chapter 3: The Romanian Children decentralized in the ethics – I examine the ethical 
critiques that the BEIP has engage with since the termination of the initial assessment in 
December of 2005. Through the problematization of the foster care system that the BEIP had 
founded for the purposes of its study, the ethical debate escalates and speculations about the 
BEIP’s harming of the children arise. I anlayze the ethical arguments for and against the 
ethicality of the BEIP to show that dictating the ethicality of the study, and its best interest for 
the subjects involved, cannot simply be done by referring to their acquisition of independent 
review approvals. In this case, unfortunately, through the raging debates surrounding the issue, 
it seems that the children within the study may have been neglected, in a manner some would 
describe as “unethical” by the design of the study.



Abbey Pan 
Investigations of Exercise-Induced Neuroprotection: NMR Analyses of Blood-Based 
Biomarkers and Gaining CLARITY with Cellular Markers 
Research Director: Dr. Christiane Wrann 
 

With an extensive and still expanding body of evidence supporting its positive influence on 
both healthy and disease-afflicted conditions, physical activity has raced to the forefront of 
lifestyle habits that an increasingly sedentary, global population should adopt. Endurance 
exercise is encouraged for its beneficial effects on brain health, yet the molecular mechanisms 
underlying exercise-induced neuroprotection remain elusive and wield potential for immense 
diagnostic and therapeutic utility once expounded on. 

     The effects of exercise on the brain are most apparent in the hippocampus, especially its 
stem cell niche. This study employs 1) high-resolution magic angle spinning nuclear magnetic 
resonance spectroscopy (HRMAS NMR) and 2) immunolabeling on cryosections (2D) and 
clarified tissue (3D) to examine novel characterizations of exercise-derived benefits using blood-
based metabolomic biomarkers and cellular/morphological markers, respectively. HRMAS NMR 
analysis of plasma metabolite profiles from mice that demonstrated exercise-induced 
neuroplasticity in the hippocampus presented two metabolites exhibiting expression patterns 
that corroborate previously observed trends with exercise, ergo supporting the use of 
metabolites as biomarkers in examinations of brain health. Comparisons of the cellular 
constituents of the hippocampal stem cell niche, specifically proliferating cells and microglia, 
showed distinct expression levels in sedentary versus exercise conditions. Although 2D methods 
most efficiently facilitated this informative quantification of cellular markers, further 
refinement of aforementioned 3D strategies building upon this preliminary iteration is poised 
for additional utility. Taken together, the results of this study support the use of both 
metabolomic and cellular markers to gain novel perspectives of brain health at the 
molecular/cellular level with increasingly advanced technologies and methodologies.



Nidhi Patel 
Benevolence Born of Adversity? Investigating the Neural Mechanisms Mediating the 
Relationship Between Trauma and Prosocial Behavior in Youth Ages 9-10 in the United States 
Research Director: Dr. Kerry Ressler 
 

In this thesis, I investigate whether there is a neurobiological mechanism mediating the 
relationship between children’s (9-10 years old) experiences of political and non-political 
violence and their prosocial behavior. Given that prior studies have separately documented 1) 
the adverse impact of early lifetime trauma on brain development in regions such as the 
hippocampus, amygdala, and prefrontal cortex, and 2) that prosocial behavior may be 
influenced in part by one’s neurobiological development (specifically in relation to the 
prefrontal cortex), I hypothesize that neurobiological alterations triggered by experiences of 
trauma may impact the prosocial behavior exhibited by survivors of violence. I test this 
hypothesis using cross-sectional, sMRI grey matter volume data from the Adolescent Brain 
Cognitive Development study. I find that there is preliminary evidence indicating the role that 
the brain region volumes (specifically, the right lateral orbitofrontal, left medial orbitofrontal, 
right amygdala, left caudal middle frontal, left insula, and left frontal pole areas) may play in 
driving youth prosocial behavior.



Karina Pimenta 
Investigating the Relationship Between Visual Evoked Potentials and Cognitive Development 
in Normocephalic Infants Prenatally exposed to ZIKV in Puerto Rico 
Research Director: Dr. Chuck Nelson 
 

It is well established that brain development is critically dependent on environmental 
inputs and that adverse experiences during early life can have powerful influences on brain 
development. Fetal development occurs at a much faster rate than any other lifetime 
developmental stages, making the fetus significantly more vulnerable to insults. Viral infections, 
specifically, have long been associated with health and social consequences for the fetus. 

   This thesis explores the consequences of ZIKV infections on the infant brain. Previous 
work has thoroughly explored the repercussions of such infection on microcephalic infants, but 
little is known about the brain development when infants are born seemingly asymptomatic. 

   In this study, I have compared ZIKV-infected infants (n=14) against a control group (n=23) 
of healthy Puerto Rican babies. I investigated the relationship between their Visual Evoked 
Potential (VEP) in response to pattern-reversing checkerboard and Cognitive Development 
measures in both groups. I analyzed the variations between amplitudes and latencies of the P1, 
N1, and N2 components of the VEP and compared them between the two groups. These 
measures were also examined against the participants' cognitive scores on the Mullen Scales of 
Early Learning test.    

   I have found that, though there are some visual discrepancies in the final generated 
waveforms for the VEP, none of those differences were statistically significant to indicate poor 
synapse quality in ZIKV infected infants. The N2 amplitude of the VEP was also prospectively 
associated with the Fine Motor subscore in the MSEL test. There were some tendencies 
between other VEP components and Mullen scores, which suggest a replication of this study 
with a larger sample size could render more concrete associations between the VEP and 
cognitive scores, and perhaps a more statistically significant analysis on differences between 
the two groups' VEP.



Shafi Rubbani 
Associations between childhood trauma, non-suicidal self-injury, and neural correlates of fear 
learning 
Research Director: Dr. Kate McLaughlin 
 

Childhood trauma (CT) is associated with elevated risk for non-suicidal self-injury (NSSI), a 
clinically relevant behavior with destructive implications. The mechanisms linking these 
constructs remain unclear. Recent studies have shown that trauma-exposed children display 
fear conditioning neurobiological responses consistent with blunted discrimination between 
conditioned threat (CS+) and safety (CS-) stimuli, and theoretical models have shown that NSSI 
can arise as an emotion regulation strategy in response to negative feelings. This study tests a 
novel conceptual model examining whether patterns of neural activation during fear learning 
mediate the association between CT and NSSI, moderated by emotion regulation ability. 147 
children aged 8-16 years, 77 with trauma exposure, completed a fear conditioning paradigm 
during an fMRI scan. In four salience network regions-of-interest (left and right amygdala, 
anterior cingulate cortex [ACC], and insula), we examined two metrics of neural response: the 
extent of initial discrimination between CS+ and CS- and rate of habituation to CS+ vs. CS-. We 
found that CT predicted both NSSI and blunted habituation in right amygdala, but not left 
amygdala, ACC, or insula. There was no association between metrics of fear conditioning and 
NSSI in any tested region. Patterns of neural activation during fear conditioning did not mediate 
the association between CT and NSSI, and emotion regulation skill did not moderate the 
association between metrics of fear learning and NSSI. While this study did not provide 
evidence for a role of fear conditioning in the development of NSSI, additional factors are 
discussed that suggest further study may be warranted.



Anastasia Ryhanych 
Functional Magnetic Resonance Imaging-Based Individualized Mapping of the Lateral 
Salience System in Major Depressive Disorder 
Research Director: Dr. Matthew Sacchet 
 

The objective of this thesis was to determine relations among individualized brain systems 
and major depressive disorder (MDD), specifically focusing on the lateral salience system. We 
used a computational neuroimaging approach applied to whole-brain functional magnetic 
resonance imaging (fMRI) data acquired from individuals diagnosed with major depression, in 
addition to healthy controls. Our iterative cortical parcellation approach resulted in the 
definition of individualized brain system "patches." Here we focused on the lateral salience 
system given that prior research has identified relations among its activity and major 
depression. We quantified the size of each brain system patch within the lateral salience 
system. We hypothesized that patients diagnosed with major depressive disorder would exhibit 
abnormal system topologies in the lateral salience system. We found that patch sizes of the 
parietal operculum subregion of the lateral salience system were smaller in MDD patients 
compared to healthy controls and that the size of these patches relates to levels of anxiety. This 
thesis includes a discussion of how these findings contribute to the literature and may inform 
future research. We also discuss the findings in the context of clinical applications.



Elizabeth Saoud 
Study of Visual Evoked Potentials in Children with Fragile X and Down Syndrome, A 
Research Director: Dr. Carol Wilkinson 
 

Understanding the neurobiology behind Fragile X Syndrome (FXS) and Down Syndrome 
(DS) is critical in improving treatments and care for affected persons. Electroencephalography 
(EEG) provides an opportunity to investigate the biological foundations of these disorders. This 
thesis aimed to characterize the visual evoked potential (VEP) in children with FXS and DS and 
to understand how measures of the VEP are associated with cognitive development. The 
objectives were (1) to determine whether or not there are differences in VEP between children 
with FXS, children with DS, and healthy cognitive- and age-matched controls, (2) to identify and 
characterize VEP-based biomarkers of cognitive development in FXS and DS, and (3) to 
characterize associations between VEP and various behavioral challenges present in FXS and 
DS. Children participated in the VEP paradigm, with EEG data recorded as the children observed 
a black and white checkerboard that phase-reversed every 500 ms. Additionally, the Mullen 
Scales of Early Learning was administered and parent report measures were collected. The 
Kruskal-Wallis one-way analysis of variance and linear regression were conducted. The P2 
amplitude was found to be statistically different between the FXS group and both the age-
matched and cognitive-matched control groups (p = 0.0033). The N2 amplitude was found to be 
statistically different between the DS group and the cognitive-matched control group (p = 
0.0266), but significance was lost after an FDR correction for multiple comparisons. (Additional 
results to be reported.) While further studies are needed to characterize the cellular processes 
corresponding to these differences in VEP in children with FXS and DS, this thesis sheds light on 
the neurobiology underpinning cognitive impairments in these genetic disorders.



Anna Victoria Serbin 
Windows of Early Life Stress and Attentional Function in Mice 
Research Director: Dr. Takao Hensch 
 

Abnormalities in cognitive development can be rooted in stressful early childhood 
experiences. While it is known that some children develop attentional deficit disorders 
following exposure to extreme physical and psychological deprivation, how and exactly when 
early life stress impacts attention is poorly understood. Exploring the critical period for 
attentional development could clarify the causes of cognitive deficits, and aid in the 
development of more specific interventions to restore attentional function. This thesis seeks to: 
(1) Identify a critical period for attentional development through early life stress exposure 
during two postnatal time windows, and (2) explore whether pharmacological intervention 
which modulates receptors altered by stress could rescue attentional function. A fragmented 
care model of maternal neglect was utilized to induce stress, then attention and the 
effectiveness of interventions for its deficits were tested using a two-choice touchscreen visual 
attention task. Adult mice stressed under the fragmented care protocol during postnatal days 
P2-9 exhibited significant deficits in attentional function, in comparison to mice not stressed. 
Mice stressed under the same protocol during P9- 16 were unimpaired, revealing an early 
window of attention sensitivity to stress in P2-P9. Furthermore, systemic injection of dopamine 
D4 receptor agonist PD 168077 acutely restored attentional performance in adult mice raised 
under fragmented care during P2-9, supporting a causal involvement of this receptor subtype in 
stress-induced attention deficits. This study will serve as a launchpad to further explore 
dopamine receptor modulation of attention-related behavior affected by stress.



Jason Shen 
Mapping Aggression Neurocircuitry in a UBE3A Mouse Model of Autism 
Research Director: Dr. Clif Saper 
 

Aggressive behavior is a phenotype that places heavy burdens on the lives of individuals 
with Autism Spectrum Disorder (ASD) and the lives of their families. Though there have been 
great advances in the research regarding the genetic background of ASD, the etiology of ASD 
remains unknown at a neurocircuitry level. This study investigated the interactions of known 
structures involved in aggressive behavior within the UBE3A mouse construct of ASD. These 
include the ventrolateral nucleus of the Ventromedial Hypothalamus (VMHvl), the Arcuate 
Nucleus of the Hypothalamus, the Periaqueductal Grey, the Dorsal Raphe, the bed nucleus of 
the Stria Terminalis, the ventral Premammillary nucleus, and the Medial Amygdala. 2xUBE3A 
mice and control mice were tested in the resident-intruder paradigm, and their brains were 
subsequently harvested for c-Fos analysis as a measure of the extent of neuronal activation. 
The number of c-Fos active cells in each relevant structure was compared across test and 
control groups using two-sample T-Tests and repeated two-way ANOVA with Bonferroni’s 
Multiple Correction in the Prism Statistics software. Test mice showed statistically significantly 
less activation of the arcuate nucleus and statistically significantly greater activation of a 
medioventral subregion of the VMHvl. In light of the molecular mechanism of UBE3A as a 
synaptic organizer, such a preliminary study suggests that the pathological aggression of the 
UBE3A model of ASD may arise from an increased signal from the VMHvl and decreased 
inhibitory feedback from the arcuate nucleus.



Shawn Shivdat 
Association between quantitative electroencephalography and severity of structural brain 
injury after cardiac arrest 
Research Director: Dr. Brandon Westover 
 

   Introduction: Quantitative electroencephalography (qEEG) can provide added-value for 
neuro-prognostication and treatment of comatose patients with hypoxic-ischemic brain injury. 
Quantitative analysis of burst-suppression with ‘identical’ bursts, an EEG pattern associated 
with irreversible coma, can be useful for patient assessment. 

   Objective: This project investigates burst similarity as a predictor of brain injury using two 
burst similarity calculation methods and analyzes the evolution of the relationship between 
burst similarity and brain injury during 12-hour time periods following cardiac arrest. 

   Methods: The project compares the performance of a novel burst similarity calculation 
method, dynamic time-warping (DTW), to the standard cross-correlation (XCORR) method in 
assessing the correlation between burst similarity within episodes of burst suppression and 
levels of structural brain injury using a quantitative MRI metric, mean ADC. 

   Results: Burst suppression episodes were detected and quantitatively assessed in EEG 
data from 113 cardiac arrest patients. Similarity measurements between bursts were calculated 
using both XCORR and DTW. Correlations between burst similarity and mean ADC were 
calculated for a series of time blocks following cardiac arrest. Of the 45 patients with burst 
suppression, DTW, not XCORR, produced significant correlations between burst similarity and 
mean ADC in the first three 12-hour time periods following cardiac arrest, with correlations (R) 
of -.69, -.54 and -.41. 

   Conclusions: The correlation between burst similarity and structural brain injury unveiled 
by use of the DTW method indicate that burst similarity analysis can provide a predictor of 
structural brain injury early-on. This finding could improve diagnostic accuracy by 
supplementing neuroimaging with real-time assessment.



Josh Stern 
Simplicity within Complexity: Rich but Generalizable Representations in Prefrontal Cortex 
During Foraging Behavior 
Research Director: Dr. Nao Uchida 
 

Foraging is a ubiquitous behavior throughout the natural world whose neural correlates 
are relatively poorly understood. In this investigation, we analyze the activity of several 
thousand isolated single neurons recorded using Neuropixels probes while mice perform a 
virtual reality foraging paradigm. Using a generalized linear model to identify neurons with 
significant task responsivity and a Gaussian-mixture model to discover populations of cells with 
similar firing patterns, we find significantly more diverse cortical dynamics than have been 
previously described. Despite this, principal components analysis reveals that during bouts of 
foraging, neural activity follows consistent trajectories through state space that are predictive 
of behavior. To further probe the cortical computations underlying behavior, we apply a 
Bayesian decoding method, and find that task relevant information is represented on distinct 
timescales in two populations in the prefrontal cortex. We last seek to contextualize these 
findings within a novel normative framework in which we propose that optimal foraging 
behavior might be viewed as Bayesian inference on a Poisson Process State Space Model. We 
show that this model replicates basic features of animal behavior and then train a recurrent 
neural network to forage according to this optimality formulation. Using model reduction on 
these networks, we produce a potential circuit model consistent with our experimental data. In 
summary, this study uses unsupervised analysis methods to discover multidimensional cortical 
dynamics underlying foraging behavior. We contextualize these results in a normative 
framework to produce a biologically relevant model of the neural computations underlying 
mammalian foraging.



Marissa Sumathipala 
Investigating local translation with high-throughput RNA sequencing of single synaptosomes 
Research Director: Dr. Steve McCarroll 
 

Neurons require mechanisms to rapidly establish, maintain, and modify the local proteome 
of synapses. Neurons localize messenger RNA and the necessary protein synthesis machinery 
for local translation at the synapse. Local translation enables the synapse to modify the synaptic 
proteome at short time scales to carry out essential functions for cell-to-cell communication 
and synaptic plasticity, making local translation paramount for long-term memory, cognition, 
and learning. Despite the crucial role of local translation, the transcriptome of individual 
synapses remains unknown. Existing methods to study local translation are low- throughput or 
lose the resolution of single synapses. We developed the first method for sequencing RNA at 
single synapses, adapting the method for droplet-based single nucleus RNA sequencing. We 
developed and validated methods for isolating membrane-bound synapses, encapsulating 
single synapses into nanoliter droplets with DNA-barcoded beads that capture RNAs, and 
sequencing the captured RNAs: overcoming the challenges posed by the small size and low RNA 
content of single synapses. We applied single synapse RNA sequencing to tissue from mouse 
hippocampus and adult human cortex to profile 30,244 single synapses, the first datasets at 
single synapse resolution. These single synapses are transcriptionally diverse, including 
subtypes of both pre- and postsynapses, glutamatergic synapses, GABAergic synapses, and glial-
synapse contacts. We uncovered new insights into local translation, including heterogeneity in 
glutamate receptor subunits and specialization of ribosomal proteins. Our high- throughput 
method can be readily applied to construct large-scale datasets of single synapses to probe 
synaptic biology in brain development, cross-species comparisons, and disease states.



Zoya Surani 
Determining the relationship between psychosocial adversity and children's executive 
functioning: an fMRI study 
Research Director: Dr. Nadine Gaab 
 

Exposure to psychosocial adversity (PA) early in life has been shown to impair executive 
functioning (EF), but the brain mechanisms explaining this relationship are not clear. 
Additionally, the majority of these studies have been conducted in high-resource environments, 
despite low-resource environments having a higher prevalence of PA risk factors. These are 
important considerations, not only to understand if existing trends from research done in high- 
and middle-resource countries extend to low-resource countries, but also to examine the brain 
function underlying the changes in EF among children. We collected both fMRI data acquired 
during a Go/No-Go (GNG) response inhibition task (which measures EF) and behavioral data of 
PA variables for 98 children living in Dhaka, Bangladesh, an area with a high prevalence of PA. 
We tested associations between these PA measures (separated into three categories of abuse, 
neglect, and household dysfunction) with brain activation results from participants’ completion 
of the GNG task. While there is little existing literature on children’s activation patterns for the 
GNG task, we expect to observe less activation in brain areas subserving response inhibition in 
children exposed to greater PA, consistent with adult studies. This research adds to existing 
literature by exploring the brain basis of the relationship between PA and EF and offers a 
necessary perspective on how this relationship manifests in the brain in children in a low-
resource environment with a high prevalence of PA.



Oliver Sussman 
Neural Representations of Motion Events: The Role of Agency 
Research Director: Dr. Alfonso Caramazza 
 

Human cortex empowers us to extract salient information from a vast array of visual input. 
In doing so, it enables the recognition not just of static objects, but of dynamic motion patterns. 
Past neuroimaging and neuropsychological research has uncovered “action-selective cortex”: a 
network of prefrontal, parietal and posterior temporal brain regions implicated during the 
observation of actions. The network appears to encode action information at varying levels of 
generality, ranging from low-level perceptual features to high-level conceptual features. 
However, the precise nature of these neural action representations has not been thoroughly 
investigated. Do they encode information specific to intentional human actions, or do some 
parts of the network also encode more general information shared across all dynamic motion 
patterns? This thesis investigated whether action-selective cortex is truly selective for animate 
actions over inanimate events. We improved upon a past experimental paradigm from an 
unpublished fMRI study by Caramazza to better control for perceptions of agency as well as 
perceptual confounds. Animated video stimuli were used to compare between four conditions: 
Object Event, Agent-induced Object Event, Agent Action, and Animate Event. We found 
evidence of shared representations across animate actions and inanimate events in action-
selective cortex, except for a region in right pSTS which could better distinguish animate actions 
compared to inanimate events. Perceptual cues to animacy were sufficient to drive the results 
in pSTS. We concluded that action-selective cortex represents information common across 
dynamic motion patterns; however, right pSTS is sensitive to information about the animacy of 
an action.



Charlie Sutton 
RIMS2 effects on a-synuclein may drive Parkinson’s disease 
Research Director: Dr. Clemens Scherzer 
 

Parkinson’s disease (PD) is a major neurodegenerative disorder characterized by 
preferential loss of dopaminergic neurons in the substantia nigra. Recently, the Scherzer Lab 
discovered a genetic locus strongly linked to accelerated progression of Parkinson’s Disease 
(PD). Individuals with genetic variations in the gene known as ‘regulating synaptic membrane 
exocytosis 2’ (Rims2) showed signs of dementia significantly earlier than noncarriers. The 
RIMS2 protein is involved in vesicle docking and priming, playing a crucial role in synaptic 
transmission. The protein’s critical functions in the presynaptic terminal suggests that 
impairment of RIMS2 function could destabilize the active zone—potentially accelerating 
neuronal dysfunction and progression of PD. This research aims to unravel how loss of RIMS2 
function may enhance the progression of PD. To determine the effect of RIMS2 in the brain, we 
performed a series of mechanistic experiments that will assess the consequences of RIMS2 
knockdown (KD) in rat primary neurons. Rat primary neuronal cultures were transfected with a 
small interfering RNA (siRNA) cocktail that targets the Rims2 gene for silencing. Cultures were 
quantitatively assessed using immunocytochemistry, western blotting, and quantitative PCR. 
Specifically, we determined if RIMS2 KD affects the levels of alpha-synuclein (a-syn); a protein 
whose aggregates are the major pathological hallmark for PD. We hypothesize that KD of RIMS2 
may perturbs a-syn homeostasis thereby potentially enhancing neurodegeneration. Generally, 
our work aims to unravel the molecular mechanisms of Parkinson’s allowing for more accurate 
prediction of disease progression and the development of new treatments.



Meiling Thompson 
Determining Neuroanatomical Variation in Peromyscus Using a Deep Neural Network-Based 
Method 
Research Director: Dr. Sean Eddy 
 

The mechanism by which genes determine complex, innate behaviors is an important and 
open question in neuroscience. Peromyscus, a genus of rodents commonly referred to as deer 
mice, is an excellent model organism for the study of genes and behavior with many observable 
behavioral differences between closely related Peromyscus species including mating systems. A 
possible mechanism for the various differences in behavior is that genetic factors cause 
differences in neuroanatomy, such as gross anatomical differences in the size of a brain region, 
that co-evolve with different behavioral phenotypes. Brain annotation, quantifying the size of 
specific brain regions by outlining the region on a brain image, is a method for investigating the 
relative volume differences between closely related species. However, manual brain annotation 
is a very labor and time intensive process. I have used Mask R-CNN, a deep learning method 
through which models can be trained to automatically and accurately annotate images, to 
annotate thousands of brain images of the promiscuous Peromyscus maniculatus and the 
monogamous Peromyscus polionotus in order to investigate if Mask R-CNN can be used to 
accurately compute the relative volume difference.



Jose Velarde 
Exploring the mitogenic and proliferative effects of neurotransmitter signaling on high-grade 
glioma in vitro models 
Research Director: Dr. Ganesh Shankar 
 

Gliomas are the most common primary central nervous system tumor, representing 81% of 
all intracranial malignancies. With a median overall survival of about 15 months, high mortality 
and morbidity characterize high grade gliomas despite their relatively rare occurrence. Thus 
understanding the molecular drivers of glioma is crucial to finding therapeutic targets that 
would improve patient survival and clinical prognosis. High grade gliomas are thought to be 
driven by a few key somatic alterations in the genome such as mutations in isocitrate 
dehydrogenase 1 IDH1, telomerase reverse transcriptase TERT promoters, and p53 tumor 
suppressors. However less is known about the effect of neuronal activity on glioma cell 
proliferation and migration. In this study we sought to qualitatively characterize the distribution 
of neurotransmitter receptors in samples of supratentorial glioma tissues from human adults 
via an immunofluorescence assay as well as in vitro glioma cell line models. Primary antibodies 
were used to target the NMDA glutamatergic receptor GluN1 subunit, the AMPA glutamatergic 
receptor GluA1 subunit, the ionotropic GABA(A) receptor beta subunit as well as the GABA(B) 
receptor. We determined via preliminary qualitative analysis that ex vivo and in vitro glioma 
models yield signals for all four subunits, with the NMDA and GABA(B) subunits yielding a 
stronger overall signal. These findings elucidate the potential for neuronal impact on the 
development of glioma cells. These findings elucidate the potential for neurotransmitter action 
on glioma cells via receptors which might impact cell proliferation and migration. Future 
research will focus on identifying the impacts of classical neurotransmitters glutamate and 
GABA on glioma cell proliferation in vivo.
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In humans, music perception is able to cause profound effects on emotional and even 
physical state. The mechanism for how this occurs is as of yet still unclear, and our aim is to 
examine the mechanisms behind music perception in mice via behavioral and neurobiological 
means. We raised separate litters of mice in either musical or silent acoustic environments from 
P9-24, and then exposed them to music again as adults (P90-P120) while measuring their pupil 
size fluctuations via pupillometry. Following the behavioral test, we measured dopamine 
receptor 4 (DRD4) levels in the anterior cingulate cortex (ACC), as measured by qPCR. Our 
preliminary results indicate a sex-dependent effect for mice raised with music. Female mice 
raised with music appear to have lower arousal overall when listening to music, as indicated by 
a smaller pupil size. This effect is not seen for female mice raised in silence. Male mice raised in 
musical acoustic environments do not appear to have a large difference in arousal states from 
those raised in silence. This effect is reflected in the DRD4 levels in the ACC. The ACC modulates 
attention in the brain, as do DRD4 receptors. Our results may show that DRD4 receptor levels 
are higher in the ACC of mice raised with music, reflecting an increase in arousal and perhaps 
attention when being exposed to a familiar acoustic environment. Our study draws a 
connection between arousal and attention via music perception, which may help us to better 
understand attention and arousal in human beings.
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A major aim of neuroscience is understanding the brain circuitry underlying observable 
behaviors. Recently, an increasing number of tools have allowed researchers to investigate 
brain circuitry in unprecedented ways. However, behavior quantification methods have 
remained coarse and labor intensive, thereby limiting our understanding of underlying brain 
circuitry. Naturalistic behaviors like parenting are especially difficult to quantify, as they must 
often be reduced in a laboratory setting and usually lack trial structures. To address this 
problem, we have created a three-pronged approach to quantify previously described as well as 
newly defined behaviors and motor actions of parenting in mice. Our first approach is a user-
defined system of geometric feature descriptions that were used to quantify 12 previously 
described parenting behaviors such as pup retrieval, pup investigation, etc. Our second and 
third approaches uses unsupervised methods like Generalized Linear Model-Hidden Markov 
Models (GLM-HMM) and Hidden Markov Models (HMM) to quantify newly described parenting 
behaviors. Firstly, we used a GLM-HMM to identify 3 hidden states underlying the interaction of 
the adult and pup mouse. Next, we used an unsupervised clustering approach combined with 
an HMM to identify 14 behavioral states such as forward locomotion, stretch and contract, idle 
with no head movement, etc. To demonstrate the utility of this behavior quantification 
framework, we used it to distinguish parenting behaviors in mothers, fathers, and virgin female 
mice. We also used it to identify behaviors encoded by parenting related neurons in the medial 
preoptic area (MPOA). This framework ultimately provides a robust method to quantify 
naturalistic behaviors.
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Frequency discrimination, the ability to distinguish betweeen different sound frequencies, 
plays a key role in learning a new language or musical instrument. Layer 1 (L1) of the primary 
auditory cortex is thought to be important for sound discrimination and learning. The present 
work focuses on the potential role of a recently identified population of inhibitory interneurons 
in L1 that express neuron-derived neurotrophic factor (NDNF). To better understand the role of 
NDNF interneurons in frequency discrimination, the present study seeks to 1) develop a 
perceptual discrimination task to establish frequency discrimination thresholds in mice and 2) 
evaluate the behavioral effects of silencing NDNF neuron activity using chemogenetic 
receptors. In addressing the first aim, we developed a novel behavioral paradigm requiring mice 
to distinguish between target stimuli (alternating tones) and non-target stimuli (repeating 
tones). Results show that reliable discrimination thresholds can be obtained from mice (N=8) in 
under two weeks of training. For the second aim, we injected the inhibitory chemogenetic 
Designer Receptors Exclusively Activated by Designer Drugs (DREADD) receptor hM4Di and 
administered the DREADD ligands clozapine-N-oxide (CNO), Compound 21, or saline prior to 
training. Preliminary results showed that the chemogenetic inhibition of NDNF interneurons 
had no effect on behavioral performance in mice. Current histological analyses are confirming 
the spatial extent of DREADD expression in L1 to assess the accuracy of virus injections. This 
project is among the first to characterize L1 interneuron activity in behaving mice, which will 
shed light on potential cellular targets for therapeutic treatments aimed at enhancing auditory 
perception. 


