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Abstract: Background: Adverse childhood experiences significantly increase the risk for eating
disorders and adult obesity. With extended COVID-19-related lockdowns, self-isolation, and
adversities, there is evidence that unhealthy eating habits and obesity are increasing among
youth. However, the mechanisms interconnecting early stress to adult obesity remain poorly
understood. The present study identifies novel sex-dependent neuroadaptations mediating the
elevated risk of overeating and obesity in a rat model of early-life stress. Methods: Adolescent
Lewis rats (n=96, 48 males, 48 females) were exposed to a two-hit model of predator-based
psychosocial stress (PSS) followed by intermittent access to a high-saturated fat obesogenic diet
(WD, 41% kcal from fat) or an ingredient-matched control diet (CD, 13% kcal from fat). The
PSS paradigm combined unpredictable predator stressors and social instability. We evaluated
physiological and behavioral markers of stress longitudinally. The rats were subsequently
exposed to intermittent WD feeding patterns to evaluate binge eating-like behaviors. A battery of
behaviors, including Phenotyper home cage observation, was performed. The estrus cycle was
staged to assess the effects of PSS and WD in estrus cyclicity. Histological imaging and
immunodetection methods were used to determine the impact of stress and diet on the immediate
early gene cFos and the synaptic integrity marker SV2A. Results: We found sex-dependent
differences in rats exposed to traumatic stress and consumed the WD. Female rats displayed
robust binge eating-like feeding behaviors when compared to males. This phenotype was
associated with blunted acoustic startle reactivity. Interestingly, estrus cyclicity evaluation
revealed dysregulated length and variability of stage frequency in female rats exposed to
traumatic stress. In addition, PSS/WD exposure promoted distinct cFos and SV2A expression
patterns in brain regions regulating feeding behavior and stress. Conclusions: We demonstrate
that early-life stress is a significant catalyst for a high risk of disordered eating, particularly in
females with intermittent access to an obesogenic diet. Our model recapitulates fundamental sex-



specific differences in how humans respond to childhood adversities and presents new evidence
for potential neuropathological targets. Given the cumulative effect of early-life stress and
nutrition on brain maturation and function, these findings significantly impact our understanding
of neuroadaptations that may contribute to eating disorders and obesity.
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Abstract: Can protective and compensatory experiences (PACEs) affect the saliva microbiomein
health care providers?Pierce, Chelsea!, Quijada Carolina?, Peach Darci®, Koehler Gerwald*
and Vazquez-SanromanDolores®.! Department of Anatomy and Cell Biology, Oklahoma State
University Center for HealthSciences.? College of Osteopathic Medicine, Oklahoma State
University Center for Health Sciences.>Department of Nutritional Science Allied Health,
Oklahoma State University.* Department of Biochemistry and Microbiology, Oklahoma State
University Center for HealthSciences.Protective and compensatory experiences (PACESs) are
positive experiences that increaseresilience and protect against the risk for mental and physical
illness. Adults who had increasedPACEs in their childhood have better health and wellbeing
even if they had a history of adversechildhood experiences (ACEs). The potential role of the
salivary microbiome (SM), one of themost diverse microbiomes in the body, has been linked to
systemic diseases with an underlyinginflammatory cause, such as chronic stress like ACES. This
study examines the composition anddiversity of the SM of healthcare providers in Harmon
County, Oklahoma and explores whetherthere are correlations to the number of PACES they
have experienced. Twenty-four healthcareproviders answered a PACEs and ACEs survey. Saliva
samples were collected at two timepoints. The composition of SM was analyzed through 16S
rRNA gene-based next generationsequencing. Results: We found out that 29% of our population
present an ACEs score equal to ormore than 4 traits, in addition 64% neither experienced an
enriched environment such as physicalexercise, nor social interactions outside their household.



From the 19 PACE items score, wefound that 26% experienced equal or less than 7 protective
experiences while growing up, and47% percent of those experienced that their parents divorced
or separated. The SM will besequenced, and we will expect that the study participants with lower
ACE scores, but higherPACE scores will have a different microbial composition in comparison
to those with higherACE and lower PACE scores.
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Abstract: In this review we address, identify, and discuss proposed potential neural mechanisms
that underpin effects of cannabis on the adolescent driver’s brain and their fitness-to-drive.
Following recent legalization of cannabis via CASB94 and similar bills in other states, there has
been an increase in cannabis use amongst driving-age adolescents (16-19 years old). While, both
adolescent and adult drivers under the influence of cannabis (DUI-C) are unsafe relative to their
unintoxicated peers, sober adolescent drivers are involved in more MVVAs when compared with
novice adult drivers. Many of the cortical and sub-cortical regions implicated with driving (pre-
frontal cortex, thalamus, basal ganglia, cerebellum) do not completely mature until the age of 25.
Thus, driving associated executive function, response inhibition, error recognition, visuospatial
processing, and potentially motor control are limited in adolescent drivers. These further
influence the necessary ability to multitask, process information to make decisions, and execute
driving tasks. Importantly, development of these cortical and sub-cortical regions is negatively
affected in cannabis users who begin using at an early age. Therefore, we posit that adolescents
using cannabis would be at an even greater risk of MVVA when compared with their age matched
sober counterparts. Currently, little is known about the neurological impairments associated with
cannabis use and MVA rates in adolescents. Direct evidence addressing the neurological
components that drive the adolescent DUI-C and MVA rates remain obscure due to challenging
ethical and legal barriers to objectively study this population. Current evidence uses ineffective
outcome measures (e.g., reaction time), as well as indirect self-reported measures of driving and
observational data on DUI-C and MVAs. Our work suggests cannabis use impairs adolescent
brain development and function, leading to riskier driving behaviors, which in turn leads to



higher rates of MVA in this population. However, a lack of empirical evidence potentially
obscures the severity of the problem. It will be important for future studies to quantify fitness-to-
drive in adolescents with DUI-C to develop targeted driver safety interventions and inform
policy to address this dangerous problem.
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Abstract: Adolescence is a time of heightened vulnerability to the environment, in part due to
ongoing development of prefrontal cortical regions. Inhibitory neurotransmission through fast-
spiking inhibitory cells (PV) increases across adolescence, contributing to medial prefrontal
cortex (mPFC) development (Caballero et al., 2016). Additionally, the number of perineuronal
nets (PNNs) increases across adolescence in the rat mPFC, where they preferentially surround
PV cells (Baker et al., 2017; Drzewiecki et al., 2020) and support PV cell function. PNNs have
been shown to be influenced by drugs of abuse (Slaker et al., 2018; Dannenhoffer et al., 2022).
In the mPFC, PNNs also show a temporary decrease at puberty in females but not males
(Drzewiecki et al., 2020) which could be a window of enhanced vulnerability for females.To
assess the effects of exposure to methamphetamine (METH) during this vulnerable period, male
and female Sprague Dawley rats were given IP injections of either 3mg/kg METH or saline at
one of three timepoints: early adolescence P30-38, late adolescence P40-48, or adult P60-68.
Brains were collected 24 hours after final METH exposure and sections of mPFC were
immunofluorescently labeled for PNN’s and PV cells. Density and stain intensity of PV cells and
PNN’s were quantified using ImagelJ. Results suggest sex specific effects of METH on stain
intensity. Females exposed to METH had more intense PNN’s and PV cells at all ages (p <
0.05). Ongoing data analysis will assess the effects of METH on colocalization of PV cells and
PNNs as well the effects of METH on the number of PNNs and PV neurons by multiplying
density by the volume of the mPFC. At present, METH exposure appears to uniquely impact
female PNN and PV expression at all timepoints.
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Abstract: The underlying mechanisms by which some individuals become more vulnerable to
the development and persistence of stress-related and anxiety disorders remains poorly
understood. Generational transmission of changes in behaviour and genetic regulation in
response to traumatic experience may play a role. This study aimed to assess the effects of
chronic predator stress in the parental generational on brain and behavioral changes in the F1 and
F2 generations. FO adult mice were exposed to a predator (rat) or control condition daily for
seven days then assessed for anxiety-like behaviour (ALB) using a battery of tests consisting of
the elevated plus maze (EPM), open field test (OFT), light-dark box (LDB), and social
interaction test (SIT). FO mice were also monitored for circadian locomotor activity for the 12
days before and after stress exposures. While both control and predator stressed FO mice showed
habituation to the exposures (reduced freezing across days), predator stressed FO mice froze
more than FO control mice across all seven days. As expected, predator stressed FO mice showed
increased anxiety-like behavior in the EPM compared to FO controls. Following the behavioral
tests, FO mice were bred (control males to control females, predator stressed males to predator
stressed females). We measured anxiety-like behavior (EPM, OFT, LDB, SIT) in adolescent F1
mice. These behaviors, along with novelty suppressed feeding (NSF) and circadian rhythm
monitoring, were also assessed following a mild stressor (foot shock) in adult F1 mice to
determine if parental experience altered offspring stress sensitivity. Adolescent offspring from
predator stressed parents showed decreased anxiety-like behavior as assessed in the EPM, but
increased social behavior in the SIT. In adulthood, following a mild foot shock, F1 mice from
predator stressed parents show less anxiety-like behavior in the EPM compared to offspring from
control parents. Interestingly, in the OFT, female offspring from predator stressed parents
showed increased ALB compared to female offspring from control parents. Current studies in the
lab are examining changes in stress-related mRNA transcription in the brain in F1 offspring and



assessing anxiety-related behavioral changes in the F2 generation. Our results demonstrate that
chronic pre-conception parental exposure to predation risk engenders lasting effects on
subsequent generations, a result that may improve our understanding of the etiology of stress-
related psychopathologies such as posttraumatic stress disorder as well as anxiety disorders.
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Abstract: There is limited existing research to show the relation between irritability and
hyperactive/impulsive symptoms in adolescents with attention-deficit/hyperactivity disorder
(ADHD). Impulsivity and ADHD are associated with lower academic and occupational
outcomes, higher accident rates, substance use disorders, and suicidality. Identifying the
correlations between the symptoms may help us intervene earlier and prevent costly negative
outcomes. In this project, we apply machine learning (ML) models to investigate if irritability
can predict hyperactive/impulsive symptoms. The model used 108 items scored between 0
(never) to 3 (very often), from the Conners’ Parent Rating Scale, including the DSM-oriented
ADHD subscales, measuring hyperactive/impulsive and irritability symptoms. We analyzed data
for 80 participants (48 males) aged 12-16 years for two consecutive years, T1 and T2. Analysis
of raw data showed that higher irritability scores are correlated with a higher
hyperactive/impulsive score. We developed a random forest regression model using age, gender,
and irritability along with hyperactive/impulsive raw scores at T1, as predictor variables, to
predict hyperactive/impulsive scores at T2. Our model shows a reasonable prediction in terms of
precision (80%), recall (78%), and balanced accuracy (81%) metrics. Ongoing work includes
exploring gender differences in prediction of hyperactivity/impulsivity using Gaussian Graphical
Model (network approach) and feature importance (ML approach). Additionally, to address the
data imbalance and replicability, we are investigating consolidation of self-report rating scale



along with data resampling techniques to refine the performance and interpretability of the model
for prediction of hyperactive/impulsive symptoms in later years.
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Abstract: All types of mental illness are known to tend to run in families. Family history of
depression is reported to increase the overall risks in offspring for the onset of common mental
disorders and suicidal behaviors in children. Complementary to familial information, polygenic
risk scores have been suggested to assess overall psychiatric disorders risk. Familial risk and
inherited genetic factors are significantly involved in developing mental illness, but their
relationship remains unclear. In this study, we aimed to investigate the association of family
history of depression with polygenic scores (PGSs) of multiple common traits and their effects
on childhood psychopathology. We analyzed the phenotype and genotype data of 8,111
multiethnic preadolescents (including 6,151 of European ancestry) from the Adolescent Brain
Cognitive Development (ABCD) study. The variable describing risk levels of depression history
over two generations was created, assuming that children with a depression history of both
parents and grandparents have the highest risk and children with no family history have the
lowest. We computed the PGSs of 30 different human complex traits. Based on logistic
regression analysis, children with the highest familial risk tended to have higher polygenic
chances than those with one ever-depressed generation or no familial risk. Among the tested 30
PGSs, PGSs for depression and bipolar disorder were significantly associated with a family



history of depression. Additionally, our mediation analysis revealed that PGS for depression was
a significant mediator between a family history of depression and psychiatric disorders. These
results showed the mediating role of PGS in the association of familial depression with
psychiatric disorders and suicidality.
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Abstract: According to the Centers for Disease Control and Prevention, alcohol is the most
commonly abused drug among adolescents, and underage alcohol consumption accounts for
more than 3,900 preventable deaths in the United States. Studies have shown that binge-like
ethanol exposure during adolescence promotes dysregulation of inflammatory cytokine
responses and a reduction of newly regenerated neurons in the dentate gyrus subregion of the
hippocampus. These effects include changes in proliferation, regulation, differentiation, and
maturation of neurons, and there is indication that such effects may be disproportionate between
sexes. This study determined whether sex impacts the neurogenic makers Ki-67 and SOX2 as
well as the proinflammatory cytokines TNF-a and IL-1p in adulthood after adolescent
intermittent ethanol (AIE) exposure. To determine this, 16 adolescent male and 16 adolescent
female rats underwent AIE with 10 doses of ethanol (5 g/kg) over a course of 16 days, on a 2-
days on, 1-day off, 2-days on, 2-days off pattern, to mimic the sporadic drinking of adolescents.
Half of each sex group received either AIE or adolescent intermittent water (AIW) as the control.
In adulthood, animals were sacrificed and immunohistochemical techniques and ELISAs were
used to distinguish AIE effects on sex-specific neurogenic markers and proinflammatory
markers, respectively. A random number generator was used to assign experimental cohorts with
cage numbers to blind experimenters to the treatment groups. Our results indicated that AIE
exposure led to a significant decrease in neurogenesis in the dentate gyrus of the hippocampal



formation indicated by reductions in the numbers of Ki-67+ and SOX2+ cells in male and female
AlE-exposed rats. Additionally, AIE increased the protein expression of pro-inflammatory
cytokines, TNF-o and IL-1p, in the hippocampus of male AIE-exposed rats only. Altogether, our
findings indicate that AIE does reduce neurogenesis in the dentate gyrus subregion and pro-
inflammatory cytokine expression in the hippocampus. The neurogenic impairment was not sex-
specific as both male and female AIE groups had approximately a 10-20% decrease in the
number of Ki-67+ and SOX2+ cells compared to their AIW control, though the pro-
inflammatory cytokine increase was observed solely in male AIE-exposed rats. A persistent
impairment in neurogenesis may alter hippocampally driven behaviors including memory
consolidation and retrieval.
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Abstract: Down syndrome (DS), caused by the triplication of human chromosome 21, is
characterized by lifelong cognitive changes and the development of the neuropathological
hallmarks of Alzheimer’s disease (AD). Previous single-nucleus RNA-sequencing studies
identified numerous changes in the DS prefrontal cortex, including changes to neuronal ratios,
microglial activation states, and the existence of previously unannotated transcript isoforms
containing intra-exonic junctions. The genomic and epigenomic changes that lead to the
observed transcriptomic changes, as well as the transcriptome’s effects on the cellular landscape
are not understood. To elucidate the mechanisms responsible for these changes, we studied the
DS postmortem brain via numerous approaches at a single cell resolution, providing insight into
the cellular, epigenomic, and genomic factors responsible for the observed transcriptomic
changes associated with DS. These results highlight global cellular and epigenomic differences
as novel features of the aging DS brain. Supported by NIH R56AG073965 (J.C.)
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Abstract: Early-life stress (ELS) is known to induce long-term neurochemical effects that affect
neuronal circuit formation. These persistent alterations can result in the development of
neurological disorders such as depression and neurodegenerative diseases later in life. The
hippocampus (HIPP) can be especially vulnerable to stress, potentially resulting in learning and
memory deficits. The brain-derived neurotrophic factor (BDNF) signaling pathway is a primary
mediator of neuronal signaling in the HIPP. BDNF binds to and activates tyrosine receptor
kinase B (TrkB), initiating an intracellular signaling cascade that leads to the downstream
activation of multiple signaling molecules, including the extracellular signal-regulated kinases 1
and 2 (ERK1/2). Phosphorylation of ERK1/2 further signals to transcription factors, leading to
changes in gene expression. Evidence shows that proper function of this pathway can be altered
by chronic stress. Most studies have been conducted using male subjects; however, female brains
are known to have differing levels of BDNF as well as differential stress responses. To address
this gap of knowledge, we hypothesized that ELS negatively impacts the expression of protein
markers of the BDNF pathway in the female HIPP. Female Wistar rats underwent ELS in the
form of neonatal maternal separation for 3h/d on postnatal days 2-14. Hippocampal tissue was
harvested from adolescent (45 days old) rats and evaluated for expression of protein markers
associated with BDNF signaling, including BDNF intermediate forms (pre-proBDNF and
proBDNF), TrkB, and phosphorylated ERK1/2, using immunoblotting analysis. Our results
indicate that ELS caused a significant increase in proBDNF expression without affecting levels
of pre-proBDNF, thus suggesting that ELS can alter intracellular processing of BDNF. No
significant changes were found in the expression of TrkB, pre-proBDNF, and phosphorylated
ERKZ1/2. Collectively, our results indicate that ELS can have persistent molecular effects in the
female HIPP, thus highlighting the need to specifically study female responses to chronic stress.
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Abstract: Adolescence is a sensitive period in brain development that is marked by increased
susceptibility to the effects of chronic stress, which may enhance vulnerability to
neuropsychiatric conditions such as depression and substance use disorders. In the present study,
we used an animal model to examine the effect of adolescent social isolation stress on coping
behavior and nicotine reward. During the adolescent period from postnatal day (P)35-P49, male
and female C57BL/6J mice were exposed to either social isolation (Sl) stress or standard rearing
(SR) conditions, as well as nicotine exposure (0.35mg/kg) four times between P35-P49 during a
nicotine conditioned place preference (CPP) procedure. On approximately P50, stress-coping
behavior was examined following a 6-minute forced-swim test (FST). Our behavioral results
show that both male and female SI mice more rapidly develop nicotine CPP compared to SR
mice, that SI mice exhibit increased levels of immobility in the FST, and that prior nicotine
exposure during social isolation decreases immobility in the FST. These results suggest that
adolescent social isolation stress enhances the rewarding effects of nicotine and negatively
impacts stress-coping behavior. To determine whether adolescence is a sensitive period for these
effects, ongoing research efforts are aimed at comparing these results to adult social isolation and
nicotine exposure. Furthermore, we are examining stress-induced functional (c-fos expression)
differences in the brains of SI versus SR mice in response to the FST via immunohistochemistry
of the dorsal raphe ascending serotonergic system. Collectively, these analyses will help
determine neurological correlates of adolescent susceptibility to the negative effects of chronic
social isolation stress and inform our understanding of adolescent brain development and
vulnerability.
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acknowledge undergraduate students Emily Hoffman and Katie Ostroviak for assistance with
data collection related to this project.
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Abstract: COMBINED EFFECT OF PRENATAL MATERNAL IMMUNE ACTIVATION
AND ADOLESCENT EXPOSURE TO THC ON STRESS VULNERABLE MICE
Begmatova D!, Murlanova K,'2 Pinhasov Al.'Department of Molecular Biology, Ariel
University, Ariel, Israel?’Department of Physiology and Biophysics, Buffalo, NY, USAExposure to
maternal immune activation (MIA) and cannabis use during adolescence have been associated
with increased risk for the development of neuropsychiatric disorders. Inborn stress vulnerability
is also known as a strong factor affecting fetal programming. Cannabis exposure in adolescence
increases risk for psychosis, yet only a minority of cannabis users develop psychosis, suggesting
that cannabis use may interact with pre-existing vulnerabilities such as prenatal MI1A-exposure
and increase the risk for neuropsychiatric illness.Our resent findings demonstrated that MIA
activation in stress vulnerable (Sub) mice increased MK-801 provoked locomotor activity in
offspring. In this work we explored the impact of MIA and sub chronic exposure to the main
psychoactive component of cannabis, delta-9-tetrahydrocannabinol (THC), in adolescence on
mouse models of social dominance (Dom) and submissiveness (Sub), which possess innate
features of stress resilience and vulnerability respectively.MIA was elicited through prenatal
exposure to polyinosinicpolycytidylic acid (poly(l:C)), supplemented with THC provided
throughout adolescence (8 mg/kg/day for 21 days). We found that adolescent THC increased
exploratory activity and social behavior and decreased MK-801 provoked locomotor activity Sub
mice compared to vehicle treated Sub counterparts (136% of control, p<0.001). No effect of
adolescent THC on Dom mice was observed. Combination of MIA with adolescent THC
significantly increased MK-801 provoked locomotor activity with no effect on exploratory



activity and social behavior in Sub mice compared with respective control. No effect of MIA-
THC was observed on respective Dom groups. Activation of CB1 receptors is thought to create
an imbalance in excitatory-inhibitory signaling in the brain by influencing the GABAergic,
glutamatergic, and dopaminergic systems. These findings suggest that induced MIA in
combination with adolescent exposure to THC in individuals with inborn stress vulnerability
may have cumulative effect on gross neuroanatomical development and affect GABAergic,
glutamatergic, and dopaminergic signaling. that the endocannabinoid system may be sensitive to
both prenatal MIA, adolescent THC, or a combination of factors.
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Title: Interactions of Early Life Adversity and Brain-Gut Alterations Predict Obesity-Related
Complications
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Abstract: Interactions of Early Life Adversity and Brain-Gut Alterations Predict Obesity-
Related Complications Abstract: Due to continuing high prevalence and co-morbidities, obesity
remains a complicated public health problem. Evidence shows that early-life adversity (ELA)
impacts the brain-gut system and predisposes them to develop various adult-related disorders and
symptoms related to stress sensitivity. Alterations to components of the brain-gut axis mediate
between environmental pressures and host neurobiology, leading to obesity-related
complications such as cognitive dysfunction and emotional dysregulation. However, it is unclear
whether ELA predisposes individuals to obesity-related changes and how neuroendocrine and
neurochemical brain-gut alterations mediate the interaction between ELA, BMI changes, and
increased reward-based eating and cravings. This study performed a correlation and regression
analysis to determine ELA as a predictor of increased BMI and a mediation analysis using
structural equation modeling to examine the predictability of ELA on the association between



stress-induced alterations of the gut and brain, specifically in the hippocampus, amygdala,
hypothalamus, microbiome diversity, and BMI changes. Data is from a sample of 128 healthy
adult participants, mostly of Hispanic origin, with a history of ELA and assessed using validated
questionnaires. The adjusted models show interactions between ELA, BMI, hippocampal
volume, and inflammatory signatures. We found positive associations between BMI and IL-6
[r(82)=.23, p<.05] and positive associations between TNFa and left and right hippocampal
regions [r(82) =.25 & .22, respectively, p<.05]. Selected gut-regulated factors, inflammatory
biomarkers, and neurobiological structures may contribute as mediating factors to increased BMI
in individuals exposed to ELA. The findings demonstrate that early adversity during a vulnerable
period of neural growth predicts inflammation-driven brain-gut changes that have been
implicated in obesity-related vulnerabilities and may inform targeted therapeutic approaches for
further investigation.
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Abstract: Fetal alcohol exposure has deleterious consequences on the cognitive abilities and
motor skills of patients affected by Fetal Alcohol Spectrum Disorder (FASD) and in pre-clinical
models of gestational ethanol exposure (GEE). Deficits in striatal cholinergic interneuron and
dopamine function impair action learning and execution, yet the effects of GEE on acetylcholine
and dopamine striatal release remain unexplored. Here, we report that alcohol exposure during
the first ten postnatal days (GEE"*%), which mimics EtOH consumption during the last
gestational trimester in humans, induces sex-specific anatomical and motor learning deficits in
female mice during adulthood. Consistent with these behavioral impairments, we observed
increased evoked-dopamine levels in the dorsolateral striatum (DLS) of GEEP*"1? female, but
not male, mice. Further experiments revealed an impaired $2-containing nicotinic acetylcholine
receptor (hAChRs)-modulation of electrically evoked dopamine release, pointing to striatal
acetylcholine deficits. Using a genetically encoded acetylcholine sensor (GAChs), we found a
reduced decay of acetylcholine transients in DLS of GEEP*"0 females in the presence of an



acetylcholinesterase inhibitor. Finally, we showed that this effect is associated with decreased
excitability of striatal cholinergic interneurons (CINSs), pointing to activity-dependent defects in
acetylcholine release. Altogether, these data shed a new light on striatal deficits that might
underlie cognitive and motor learning symptoms of patients affected by FASD.
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Title: Positive coping promotes hippocampal-neocortical functional maturation in negative
emotion processing
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Abstract: Human susceptibility to stress varies substantially across individuals. Why do some
people fall apart in face of stressful events while others bounce back quickly? Such differential
susceptibility to stress is one of the major scientific issues to be answered in recent years.
Psychological resilience is a key buffering factor of the vulnerability to stress, which allows for
rapid recovery and helps maintain long-term mental health. Adaptive responses to diverse
challenges are involved in the slow responses of the neuroendocrinal system, of which stress
hormone cortisol is greatly sensitive to stress and dependent on the regulation of the
hippocampus. Besides, the hippocampus has been thought to play a vital role not only in the
process of positive coping style, but also in vulnerability to stress. However, the role of the
hippocampus in processing negative events is still elusive. The hippocampus goes through a
rapid development stage in childhood, yet little is known about the neurobiological mechanisms
behind positive coping style from a developmental perspective in young children. We
investigated the effect of psychological resilience and cortisol awakening response (CAR) on the
development of the hippocampus in healthy children aged 6-12. In Study 1, we recruited 89
children and collected their positive coping style (PCS) questionnaire as the index of
psychological resilience. The CAR and fMRI data during an emotion processing task (Timel)
were obtained. In Study 2, 34 children were invited back in the next year (Time2) to examine the
interplay of PCS and CAR on brain development. We found that higher PCS was associated with



greater CAR. Such PCS-related greater CAR paralleled with an increase in hippocampal
functional connectivity with the ventrolateral prefrontal cortex (vIPFC) and fusiform gyrus one
year later (Time2). Critically, CAR mediated the positive asssociation between PCS and
longitudinal changes in hippocampal-fusiform functional connectivity (Time2-Timel), but not in
hippocampal-vIPFC connectivity. Moreover, the interplay of PCS and CAR modulated the
maturity development of VIPFC through the development of hippocampus-fusiform connectivity.
CAR mediates the relationship between PCS and the longitudinal development of hippocampal
function. Our findings have important implications in the neurobiological mechanisms
underlying how positive coping style actively shapes hippocampal-neocortical functional
systems invoveld in negative emotion processing. This points toward that psychological
resilience may be dependent on the neuroendocrine process of CAR to shape hippocampal
development in childhood.
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Abstract: Fear is an emotional state that enables the organism to avoid or reduce harm, ensuring
its adaptation and survival. Exacerbated or unfounded fear is a common hallmark of anxiety
disorders. Fear responses are orchestrated by the activation of stimulus-specific neural circuits
that converge in the periaqueductal gray (PAG). Common treatments for anxiety are serotonin
reuptake inhibitors (SSRIs) that act by increasing 5-HT levels. Paradoxically, increased 5-HT
during early postnatal development, for example due to early life trauma or SSRIs use in
pregnancy, exert profound effects on brain structure and function, increasing adult anxiety and
decreasing 5-HT innervation of certain brain structures (mPFC and hippocampus) in rodent
models. In humans, imaging and genetic studies have linked serotonin-related genetic
polymorphisms to anxiety disorders accompanied by structural and functional changes in PAG
among other regions. However, it remains unknown if changes in developmental serotonin



signaling alters adult serotonin circuit PAG function to increase anxiety. Here we investigated
this question in mice using chemogenetic or pharmacologic methods to increase 5-HT signaling
during postnatal (P) day 2 to 11 and to test reactivity to predator-like odor (2-methyl-2-
thiazoline, 2MT) in adulthood. To study unlearned fear-like responses in mice we developed a
behavioral assay, in which a predator-like odor is presented in a chamber that allows for fast on-
and off-set of the stimulus. I use deep learning algorithms to automate behavioral scoring. We
found that chemogenetic or pharmacologic increased 5-HT signaling during this sensitive period
increased fear-like responses in the adult. Furthermore, functional MRI imaging in this mouse
model revealed robust PAG hyperactivity in response to the predator-like odor. Finally, using
projection-specific optogenetics, we found that excitation of 5-HT neurons projecting to the
dorsolateral PAG was sufficient to reduce unlearned fear-like responses in normal adult mice.
Together our data demonstrate that: 1) developmentally elevated 5-HT signaling produces long-
lasting changes in adult 5-HT input into the dIPAG resulting in increased fear, 2) boosting 5-HT
release in PAG may be sufficient to rescue these circuit-specific deficits. Overall, these findings
suggest that serotonin in the PAG plays a pivotal role in fear and anxiety-like behaviors and
understanding how this major modulatory neurotransmitter can modify unlearned fear responses
in adulthood, and after developmental interference, can help improve diagnosis, prevention, and
treatment strategies for anxiety-related disorders.
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Abstract: The entorhinal cortex (EC) leads, and ends, two neural processing loops through the
hippocampal formation (HF). In part, activity across two loops, one beginning with medial EC
(MEC) and the other with lateral EC (LEC), contributes to neural representations of an animal’s
environment as a whole (e.g., MEC led loop) and the location of items within that environment
(e.g., LEC led loop). In this study, we used c-FOS to examine neural activation in Layers 2 and 3
of MEC and LEC, which receive input derived from various brain regions and relay input to the
HF, evoked by exposure to a novel, multi-level environments with or without a variety of
moveable objects. Subjects were 15, adolescent Long-Evans hooded rats. After weaning, the
animals were housed in groups in standard shoebox cages and handled daily. At 49 days old and
prior to sacrifice, 5 rats spent 1.5 h in an enclosure with ramps and platforms (NoObj group), 5
rats spent 1.5 h in the same enclosure but with a number of objects (YesObj group), and 5 rats
spent 1.5.h in a standard shoebox cage in a quiet and dark room (control). Brains were processed
to visualize c-FOS+ neurons, and cell counts were made using digital microscopy and
stereological technique. All data were standardized to the control group cell counts. Enhaced
neural activity was observed across Layers 2 and 3 of MEC and LEC of both NoObj and YesObj
groups in comparison to controls (all p<.01). For LEC Layer 2, NoObj and YesObj groups did
not differ in c-FOS+ neuron counts; however, 147% more activated neurons were observed in
LEC Layer 3 of NoObj than YesObj brains (p<.037). Both Layer 2 and 3 of MEC in NoObj
brains exhibited enhanced evoked activity relative to YesObj brains (+133%, p<.017 and +827%,
p<.001, respectively). These results were somewhat unexpected. MEC layers were expected to
be activated similarly across NoObj and YesObj groups due to responsivity to spatial cues of the
overall environment (i.e., the global scene). However, more neural activity was elicited in three
of four EC layers by exposure to an environment devoid of moveable objects than a setting with
various objects (i.e., NoObj vs. YesObj groups). In contrast, and somewhat more expectable,
more c-FOS+ neurons were found in MEC than LEC (+46%) of the NoObj group, and within the
YesObj group more actvated neurons were in LEC than in MEC (+71%). These latter results
align with suggestions that while MEC responds to the global nature of an environment, the LEC
responds to both the space of an environment and the location of various objects within that
space. That said, our data seem to suggest the EC may be more responsive to the global nature of
an environment than local cues within that space.
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Abstract: Novel object recognition tasks rely on rat’s natural tendency to explore novelty. The
standard object recognition task (OR) requires rats to learn the identity of an object while the
object location (OL) task requires memory of an object's spatial location. The object-in-place
(OiP) task requires both object identity and location to be learned. Previous reports in adult
animals show that the OR, OL and OiP, tasks depend on the perirhinal cortex, hippocampus and
medial prefrontal cortex (mPFC), respectively. Furthermore, the OiP task is suggested to require
a working circuit between the hippocampus and the prefrontal and perirhinal cortices. However,
little is known about the whether these regions function similarly in the recognition tasks during
development. The current study examined learning during the OR, OL and OiP tasks and how
hippocampal and prefrontal activity varies across these tasks. Animals were trained in either the
OR, OL or OiP task during adolescence [postnatal day (PD) 28] and their brains were
subsequently examined for changes in cFos expression relative to control animals that only
received habituation. In the hippocampus, preliminary results reveal a trending (p =.09) decrease
in cFos activity in the ventral DG following learning in the OR and OL tasks (but not the OiP
task) but no significant changes observed in the dorsal DG or CA1 subregions. In the mPFC,
animals that performed the OiP task showed a significant increase (p < .05) in cFos activity
relative to controls but no difference was observed in the OR and OL groups. Additionally,
although activity was positively correlated between the dorsal blade of the dentate and the
ventral blade (p’s < .05) in all three tasks, a trending (p = .06) positive correlation between
activity in the mPFC and the DG was only observed in animals that performed the OiP task.
These data demonstrate similar regional activity as that observed in adult animals across the
three tasks. However, these data are the first to demonstrate a potential functional connection
between the hippocampus and prefrontal cortex during OiP recognition learning in adolescence.
Additional studies will examine the ontogenetic emergence of this relationship across
development including infancy (when only identity recognition is observed) and in juveniles
when identity recognition and location memory are not integrated.
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Abstract: As we get older, we learn to modulate our behaviors to evaluate reward outcomes.
These adaptive choices are orchestrated by current sensory conditions, internal cognitive states
and future expectations. Understanding how neuronal functions develop and bias our
behavior is fundamental to understanding developmental vulnerabilities to psychological
disorders. To understand adolescent reward seeking behaviors, we examine how development
changes brain function and connectivity. The medial prefrontal cortex (mPFC) is a key structure
for emotional regulation, decision making, and reward seeking behaviors. The reward-
modulating properties of mPFC are thought to be derived from inputs from the ventral tegmental
area (VTA). However, during adolescence, VTA inputs into mPFC are still developing, with
adolescence showing decreased dopaminergic innervation of mPFC. Furthermore, mPFC itself is
still developing, as indexed by myelination and inhibitory neuron maturation. Here we expand on
our and others anatomical work to specifically probe the impact of development on functional
connectivity and information flow within and between VTA and mPFC. Using simultaneous
multisite neuronal recordings, we found that adolescent mPFC and VTA have increased activity
during incorrect trials, compared to adults. This suggests that the compulsive reward seeking
behavior we observe in adolescence may result from changes to adolescent interpretation of
unrewarded attempts. Furthermore, through recording from VTA inputs into mPFC, we found
that the VTA dependent reward information received in mPFC differs in adolescence, with
chemical ablation of projections differentially affecting behavior at these ages. Together our
work thus far suggests that the adolescent brain is not coding incorrect trials to the same extent
as it does in adulthood, and therefore altering adolescent behavior. It may be that the compulsive
reward seeking behavior we observe in adolescence may be a direct result of the lack of feedback
on incorrect trials. Adolescence do not perceive the trials as wrong, so they do not learn to
decrease their reward seeking behavior. Ongoing work is attempting to directly test this
hypothesis. Overall, this work extends our understanding of motivation and reward-seeking
behaviors across development and generate testable hypotheses that tackle why certain
psychiatric disorders, such as impulse control and anxiety disorders, tend to emerge during
adolescence.
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Abstract: Adolescence can be a stressful time that is often marked by stimulation seeking and
emotion-driven decision making, both of which can lead to risk-taking behavior during novel
experiences. Exposure to an environment for the first time can promote exploration and
emotional response through sensory and motor stimulation, provide opportunity to interact with
same-sex conspecifics, and allow investigation of objects and space. Given the relative
importance of the amygdala in learned and unlearned emotional response as well as in the
evaluation of environmental and social cues, we examined how exposure to a novel, multi-level
environment with or without a variety of moveable objects might evoke neural activity across
lateral (LA) and basolateral (BLA) amygdala. We used c-FOS to study the differential effects of
novelty exposure on evoked neuronal response within the LA and BLA of 15 adolescent rats.
After weaning, the animals were housed in groups in standard shoebox cages and handled daily.
At 49 days old and prior to sacrifice, 5 rats spent 1.5 h in an enclosure with ramps and platforms
(NoObj group), 5 rats spent 1.5 h in the same enclosure but with a number of objects (YesObj
group), and 5 rats spent 1.5.h in a standard shoebox cage in a quiet and dark room (control).
Brains were processed to visualize c-FOS+ neurons, and cell counts were made using digital
microscopy and stereological technique. All data were standardized to the control group cell
counts. For LA and BLA, any exposure to novelty (YesObj, NoObj) increased neural activity
over no exposure (control), +73% (p<.001) and +126% (p<.001), respectively. While there was
no difference in LA neural activity between YesObj and NoObj groups (+15%, p=.258), the
BLA of YesObj rats showed +70% more activated neurons (i.e. c-FOS+) than in NoObj rats
(p<.001). Exposure to an unfamiliar space with or without novel objects promoted activity in LA
and BLA. This activity likely underlies behavior related to emotion and assessment evoked in
response to being in the environment. Activity in LA may underlie changes in emotional state as
well as promote emotional memory formation during exploration and investigation of the space.
Neural activity in the BLA may also correlate with behaviors accompanying emotional state but
also contribute to adding context. While activity in LA was evoked similarly for environments
with or without objects, activity evoked activity in BLA differed between YesObj and NoObj
conditions suggesting the presence of objects in the unfamiliar space may have required
integration of additional contextual cues to promote emotion-driven exploratory behavior.
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Title: Quantitative map of dopamine 1- and 2-receptor positive cells in the developing mouse
forebrain
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Abstract: The dopaminergic system undergoes major developments during adolescence, a
period especially vulnerable to mental disorders. Knowledge about the typical development of
this system is required to understand its impact on the ontogeny of different mental disorders, but
such information is sparse and scattered across publications investigating one or at most a few
brain regions. We have utilized a comprehensive collection of microscopic images of
immunostained sections from 152 male and female mice at five stages of development (P17,
P25, P35, P49, and adult; DOPAMAP collection available through the EBRAINS Knowledge
Graph), showing D1R and D2R expressing neurons across the forebrain. All images are
registered to the Allen Mouse brain Common Coordinate Framework tools, with the P17-P35 age
groups registered to spatially modified atlas delineations matching the morphology of young
brains. We have analyzed all images using the semi-automated QUINT workflow, combining
atlas defined regions-of-interest and image segmentation to extract and quantify D1R and D2R
positive cells across sex and age groups. The data provide a novel quantitative overview of the
regional maturation and spatial distributions of dopaminergic neurons in the mouse forebrain,
suitable as a benchmark resource for future experimental studies in mouse models for mental
disorders.
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Abstract: Background: Rodent and human studies reveal that the gut microbiota can impact
brain development and connectivity. For example, our group previously reported that aspects of
the human infant gut microbiome are associated with functional connectivity between brain
regions involved in processing and responding to threat, assessed via resting state fMRI. The
goal of the current study was to test if introduction of human infant microbiomes into germ-free
mice produced similar alterations in connectivity. Method: We transplanted human infant gut
microbiota dominated by Bacteroides (BAC), human infant gut microbiota dominated by
Bifidobacterium (BIF), and murine specific pathogen-free gut microbiota (SPF) into pregnant
germ-free Swiss Webster mice. At 9 weeks of age, offspring (BAC n=8, BIF n=11, SPF n=8, GF
n=8) were anesthetized using isoflurane, then switched to 0.5-1% isoflurane with a subcutaneous
injection of dexmeditomidine at 0.05 mg/kg followed by an infusion of dexmedetomidine at 0.1
mg/kg/h. Mice were scanned on a Bruker Biospec 70/30. Anatomical images were acquired
using a T2_TurboRARE sequence. Diffusion weighted images were acquired using a 4-segment
EPI sequence with 30 directions and B-value 1,000 s/mm2. We acquired resting state fMRI using
a T2star_FID_EPI sequence for 2 500 repetition cycles for each mouse. Groups contained similar
numbers of males and females but we did not test for sex differences due to limited power.
Results: ANOVA analysis revealed group differences in functional connectivity between the
hippocampus (HIP) and central nucleus of the amygdala (CeA) and between the nucleus
accumbens (NAc) and bed nucleus of the stria terminalis (BST). Post-hoc tests (Tukey HSD)
showed that BIF mice had significantly greater HIP-CeA connectivity than BAC mice. SPF mice
were similar to BIF mice and GF mice were intermediate between BAC and BIF mice for this
outcome. For BST-NACc connectivity, SPF mice had significantly greater connectivity than BAC
mice. BIF and GF mice were more similar to BAC mice than SPF mice. Future Directions: We
have created an atlas from our anatomical MRI images and are currently refining a structural
segmentation so we can investigate whether regional brain volumes and DTI measures differ
between groups.
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Abstract: Ferrets have a gyerencephalic brain with an organization that is closer to non-human
primates than rodents. Because of that, these animals have been used in studies of visual cortex
development and plasticity, sensory processing, multisensory integration, TBI and and decision
making. Ferrets are altricial animals with eye opening occurring only at postnatal day (P) 32.
Developmental events that occur during the second half of gestation in humans, occur after birth
in ferrets. Therefore, ferrets have been used as models for neurodevelopmental disorders such as
fetal alcohol syndrome and hypoxia-ischemia. Surprisingly, there is no convention of what
defines adulthood in the ferret. Studies have considered ferret adulthood as early as P90 and as
late as 2 years. Adolescence is a period of development characterized by physical maturation,
risk taking behavior and impulsivity. While physical maturation, including puberty, co-occurs
with adolescence, they do not indicate when adulthood is reached. For instance, while puberty in
humans is completed by 16-17 years of age, the human brain continues to mature until
approximately 23-25yrs of age with the prefrontal cortex (PFC) maturing latest. Therefore, the
functional maturation of the PFC is proposed to act as a marker of the conversion between
adolescence and adulthood. We conducted whole-cell patch clamp of pyramidal neurons in
Layers 5 from acute slices from the prelimbic cortex portion of ferret medial PFC at three
different ages after puberty (P120, P180 and P220). Injected current-firing curves indicate that
the amount of current needed to elicit the same number of action potentials (APs) increase
between P120 to P220. APs amplitude and threshold decreased and increased respectively
between these ages. Changes in passive membrane properties did not reach statistical
significance. Our findings showed that excitability of pyramidal neurons in this region changes
between the ages investigated, which strongly suggest that ferret prefrontal cortex does not
mature before P220.
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Abstract: Adolescence is a vulnerable period for the onset of mental health problems. It is
characterized by widespread changes in both neural and behavioral development, including a
peak in exploration, as individuals learn to navigate the world on their own. Many of these
exploratory behaviors can be classified as risk-taking, which in humans has been associated with
negative mental health outcomes (Smout et al., 2020). The interactions between changes in
neural connectivity and patterns of behavior are key to understanding why mental health
problems often arise during adolescence, and what preventative measures might be possible.
Specifically, changes to threat- and reward-related circuits during adolescence may alter both the
prevalence of exploratory behaviors and the likelihood of developing an anxiety disorder (Baker
and Galvan, 2020). Neurodevelopmental trajectories in humans are mirrored by those seen in the
common marmoset, an increasingly popular primate research model (Sawiak et al., 2018).
However, behavioral similarities between the species during adolescence are less well
understood. The primary aims of this study are twofold. First, to investigate whether adolescent
marmosets, like their human counterparts, are more inclined to take risks than older or younger
animals using a Novel Object test (NOt), and in the future to elucidate whether or not juvenile
risk-taking correlates with markers of trait anxiety in the same animals assessed at adulthood.
The NOt was conducted on thirteen family groups (n = 89 animals), comprised of breeding adult
pairs and sets of offspring ranging from infancy to late adolescence. This method captures a
wider range of naturalistic behaviors performed by animals as they explore the novel object
within their family groups than would be possible if the NOt was performed on individuals
temporarily isolated from their families. Novel object interactions were scored as low-risk
(approaching and inspecting the object from a distance), medium-risk (approaching within 20cm
of the object), or high-risk (touching the object). Adult levels of trait anxiety were assessed using
the well-established human intruder test of uncertain threat. Overall, marmosets in late infancy
and early adolescence were more likely to touch the novel object, exhibiting greater exploratory
risk-taking than either older or younger members of their family groups. These findings support
the use of the common marmoset as an animal model for future studies exploring the
neurological development underlying changes in risk-taking behavior during adolescence and the
potential link between this behavior and trait anxiety in adulthood.
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Title: Pubertal changes on dopaminergic innervation of the striatum and nucleus accumbens
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Abstract: The general goal of this project was to determine if dopaminergic optical density
within the dorsal striatum and nucleus accumbens (NAc) changes at the onset of puberty in Long
Evans rats. Previous researchers have indicated that there are significant differences in the
neuroanatomy between pre-pubertal and adult subjects within the striatum and the NAc, and it is
hypothesized that hormones secreted by the “awakening” (onset of puberty) of the
Hypothalamic-pituitary-gonadal axis (HPG) may contribute to these developmental changes.
Despite this hypothesized connection, few researchers have analyzed the striatum and NAc
specifically at the onset of puberty. The current project aims to analyze this gap of pubertal
development in the striatum and NAc by using immunohistochemistry and ImageJ software to
look at the dopaminergic optical density (OD) of the dorsal striatum and NAc for both male and
female Long Evans rats at postnatal (P) days P30 and P40 (pre-pubertal for females and males
respectively), 1 day post pubertal onset, 5 days post pubertal onset and P60 (adulthood). The
results of our statistical analyses indicated that the NAc has a significantly higher optical density
measurement than the dorsal striatum and that the NAc and dorsal striatum were positively
correlated. However, the statistical tests indicated that there were no significant differences for
sex or age on OD; nor was there a significant difference between interactions of region and sex,
region and age, or age and sex. Our data indicates no significant differences between the dorsal
striatum and the NAc over the pubertal stage.
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Abstract: The ventral tegmental area (VTA) contains dopamine-producing cells that are
essential for behaviors such as reward processing, memory and cognition, sexual behavior,
learning, and mood regulation. Evidence suggests that dopamine cells in the VTA are affected by



estrogen and testosterone, yet potential critical windows of elevated sensitivity to these
hormones, such as adolescence, are relatively understudied. Previous work has also shown that
dopamine cell number in the VTA changes between the juvenile and young adult period. Despite
the known developmental changes and the sensitivity of the VTA to pubertal hormones, the
developmental trajectory of this region has yet to be explored during the period of adolescence in
relation to the timing of puberty. In the present study, we assess the role of age and puberty in
changes in the optical density (OD) of tyrosine hydroxylase (TH) within the VTA in male and
female Long Evans rats In the first cohort, VTA tissue was collected on postnatal day (P)30,
P40, and P60 brain sections to compare definitively pre- and post-pubertal subjects. To further
examine the potential changes in OD immediately following the event of puberty, in a second
cohort, we used physical markers to determine the day of pubertal onset in male and female rats.
From these subjects, brain tissue was collected from pre-pubertal, 1 day post pubertal onset, 5
days post pubertal onset, and P60 males and females. Lastly, a third cohort was behaviorally
tested in a battery of cognitive and affective tasks during adolescence and in young adulthood.
We report sex-specific developmental changes in the VTA and in behavior that are mediated by
both age and the onset of puberty. The results from these experiments have important
implications for our understanding of the connection between dopamine, pubertal hormones, and
psychiatric illnesses that manifest during the adolescent period.
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Abstract: The paralaminar nucleus (PL) of the amygdala contains immature neurons that persist
throughout life, and may have altered growth depending on early life experiences. Little is
known about how PL immature neurons change with age or in response to early-life stress. Here
we used stereological techniques to compare cellular features in the PL of 1) infant and
adolescent macaques (n=4/group), and 2) infant macaques that experienced early life maternal



deprivation (n=4/group, 2 deprived groups and 1 maternally reared control group). For the
normal development study, we found pronounced differences in cellular measurements between
maternally-reared infant and adolescent macaques. Adolescent PL had fewer immature neurons,
more mature neurons, and larger immature soma volumes when compared to infant PL,
providing evidence for PL neuronal maturation between infancy and adolescence. Furthermore,
adolescent monkeys had fewer total neurons (immature and mature) in the PL compared to
infant, suggesting that neurons may migrate out of the PL by adolescence. Early-life maternal
deprivation did not change immature or mature neuron counts by 3 months of age. However,
across all infants, immature neuron soma volume was strongly correlated with mature neuron
counts. We also previously found that tbr-1 mRNA, which is highly expressed in the PL and
associated with glutamatergic neuron maturation, was significantly reduced in the PL in
maternally deprived infants in this cohort. Here, we compared tbr-1 mRNA levels with mature
neuron counts in the PL and found they correlated positively across all infants. Together, these
findings suggest that immature neurons gradually mature by adolescence, and that early maternal
deprivation is correlated with subtle slowing in cellular growth, as indicated by decreased tbr-1
MRNA levels and associated correlation with mature neuron counts in infancy.
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Abstract: In primates, the amygdala is comprised of at least thirteen distinct subnuclei. The
amygdala is necessary for emotional salience and its dysfunction has been implicated in the onset
of many neuropsychiatric disorders. The basal subnucleus (Bpc) has an essential role in
processing emotions and is surrounded by a unique group of cells recognized as the paralaminar
nucleus (PL). The Fudge lab has previously demonstrated that the PL is different from the other
subnuclei because it contains immature post-mitotic neurons which persist into adulthood.
However, an increase in the proportion of mature neurons in the PL by adolescence suggests



significant developmental neural growth and differentiation by this age. While we are beginning
to understand neural maturation in the PL, the role of microglia, the brain’s immune cells, in PL
development is unknown. During normal development, microglia can guide the differentiation of
precursor cells to neurons, clear excess neuroblasts and prune synaptic contacts. Each of these
functions is associated with different morphological and molecular signatures. As a first step in
characterizing the role of microglia in the developing PL, we assessed microglia in 3-month-old
(infant) and 4-year-old (adolescent) macaques (n=4/group), and used the adjacent Bpc as a
relatively more mature brain region for comparison. Four evenly spaced sections through the PL
and Bpc were immunoreacted for Ibal, sampled at 40x, and analyzed in FIJI/Image J. The
average density of microglia in the PL was 37% greater in adolescents (390 microglia/mm?)
compared to infants (267 microglia/mm?; p=0.0143), with no differences in density across
medial, central, and lateral portions of the PL in either group. Similarly, in the Bpc microglia
density was also greater in adolescents (341 microglia/mm?) compared to infants (290
microglia/mm?) by 16% (p=0.0143). The spacing index, which measures microglial distribution
while accounting for density (calculated as: (average nearest neighbor distance)? *microglia
density) was similar between the infant and adolescent groups in the PL (p=0.395). In contrast, in
adolescent Bpc the spacing index (0.473) was 10% less relative to infants (0.530), indicating
closer spacing (p=0.0277). These preliminary data indicate that there is an increase in microglia
numbers from infancy to adolescence in the PL and Bpc, with increased clustering of Bpc
microglia in adolescence, suggesting potential increased microglia interactions with neurons.
Future analyses will determine whether differences microglia densities in each region are
associated with increased phagocytosis or pruning.
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Abstract: Improvement of cognitive abilities, including working memory and response
inhibition, that characterize adolescent development is presumably caused by anatomical and
functional brain changes over that period. The nonhuman primate model has been particularly
fruitful for understanding cerebral function, but developmental data have been lagging. We
therefore performed longitudinal morphological MRI to identify cerebral maturation trajectories.
A total of 8 macaques (6 males, two females) were scanned over a period of three years over 11
time points spaced approximately 3 months apart (with some variation due to COVID-19
research disruptions). Monkeys’ ages ranged from 3.4 to 6.2 years old over that period, covering
pre- and post-puberty stages. We also performed morphometric assays to determine objective
markers of puberty and adulthood and relied on closure of the epiphysial growth plate of the tibia
bones as a common time point to align MRI morphological results rather than relying on
absolute age. T1 structural MRI (3T) were obtained under anesthesia. We used AFNI to co-
register the images to a study specific template and co-register the macaque CHARM atlases to
each individual space. This procedure allowed us to extract biomarkers of cerebral maturation
such as volume, thickness and surface. Maturation trajectory (peak, velocity) was estimated
using general additive model (gratia library). Peak cortical volume (4.66 *+ 0.82 years) was
observed at an analogous absolute age when compared to humans (5.9 years), which is surprising
when considering the 3x faster growth rate of monkeys. In addition, no significant change in
cortical volume, suggestive of cortical pruning, was found after the time of the volumetric peak.
We also identified the maturation peak times of cortical, subcortical and white matter areas,
which occurred in a similar order in macaques and humans. Lobar maturation peak times were
also ranked in the following order: parietal, occipital, frontal, temporal. Finer analysis suggested
that the temporal pole and the inferior temporal cortex were the main drivers of the protracted
temporal maturation. Our results reveal the trajectories of adolescent cortical maturation in a
non-human primate model.
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Abstract: The prefrontal cortex undergoes a protracted period of development in humans and
nonhuman primates that is thought to be responsible for the improvement of cognitive abilities,
including working memory and response inhibition, in adolescence. Little is known about the
association between changes in prefrontal neuronal activity and consequent executive function
over this time period. To address this question, we quantified behavioral performance,
neurophysiological activity and cortical structure in areas 8a and 46 in adolescent animals. Eight
(2F, 6M) macaques (Macaca mulatta) were trained to perform variations of the Oculomotor
Delayed Response (ODR) task for assessing working memory, with delay periods of 1.5 s or 3.0
s, including versions that included distracting stimuli. Behavioral performance and neural
activity were collected from the animals at time points spaced approximately 3 months apart
from 3.4 to 6.2 years old. The monkeys performed the ODR task robustly, with a mean accuracy
of 86% correct (excluding aborted trials). Modest improvement in performance in in both ODR
variants, with and without distracters was observed with age, with greatest improvement for the
most difficult task conditions involving the presentation of distractor stimuli. A total of 994
neurons were recorded in area 8a and 1440 neurons in area 46 across all monkeys and time
points. An increase in the percentage of neurons that were responsive to task events (from 35%
in the earliest stage to 47% in the latest stage) was observed. Changes in prefrontal activity were
also observed over time. These were characterized by increased baseline activity in the fixation
period as well as increased evoked activity relative to this baseline during the delay period of the
task. Thus, adolescent development in PFC can be characterized by an increase in firing rate
during working memory tasks. The results relate the development of cognitive capacity to
specific changes in prefrontal neural activity.
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Abstract: Over the course of life, there are periods of structural changes that are tied to the
development or deterioration of functions. Adolescence, the transition from juvenile to
adulthood, is a developmental period marked by a prolonged structural change in prefrontal
cortex (PFC) and associated circuits that coincides with an increase in cognitive capacity,
sensory seeking, and risk-seeking behaviors. While inroads have been made to understand the
mechanisms that drive PFC maturation and how the PFC contributes to an array of cognitive
tasks, the connection between the PFC'’s developmental changes and its impact on circuit
dynamics and behavior remain unclear. Using a cross species approach, mice and marmoset
allow for a comprehensive overview of the structural and functional changes that are shared and
divergent across rodents and non-human primate. For mice, we used synaptic physiology,
anatomy, behavior, and computational modeling where we uncovered a prolonged period of
structural maturation that mirrors change in behavior. Specifically, we examined L2/3 of the
prelimbic region of the medial prefrontal cortex in the mouse across the first four months of life.
We found changes in the long-range connections, intrinsic properties and the strength of the local
microcircuitry. All evidence points to a significant and prolonged maturation of the inhibitory
network that may alter the way the animal behaviors. To test whether changes in inhibition has
an impact on behavior, we trained animals to perform a simple reversal learning to a more
complex 2-armed bandit task. In all cases, younger mice performed differently than the adult
mice. To better describe the changes, we have implemented a set of computational models where
they suggest that younger animals are guided by new information to a greater extent than older
adult animals. For marmoset, we have taken the behavioral and computational modeling and
trained a cohort of young and adult marmosets to perform the identical two armed bandit task.
Our preliminary results suggest a similiar strategy across the adult cohorts. By running these
species in parallel, we will gain a deeper understanding of the shared properties before dissecting
the underlying anatomical changes within the nonhuman primate. Together, these data provide a
tractable developmental trajectory for which perturbations to genetic and environmental risk
factors can be assessed across age, sex and ultimately species. Our next goal is to uncover the in
vivo physiologically impact of these structural changes that may explain the changes in cognitive
function.
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Abstract: As adults age they can retrieve autobiographical memories that trace back several
decades, and yet even as young adults could not recall memories from infancy. Such infantile
amnesia may reflect a deficit in episodic encoding of infant experiences that results from
hippocampal immaturity. However, recent evidence from fMRI in awake human infants suggests
that the hippocampus plays a functional role in infant learning, raising the possibility that it may
be able to encode memories during this time. An alternative explanation is that infantile amnesia
reflects a deficit in episodic retrieval rather than encoding, resulting from greater interference or
accelerated forgetting across childhood. Accordingly, it may be possible to find evidence of
infant memories in younger but not older children. This hypothesis is difficult to test because the
ground truth of what a child experienced as an infant, which is needed to probe memories for
these experiences, is typically unknown. We took a novel approach to address this challenge by
conducting a case study of two children, aged 3 and 9 years at the time of participation, whose
first-person experiences as an infant (6-20 months) were recorded daily on a head-mounted
camera. Rather than relying on behavioral assays of episodic memory, which have found
impoverished performance in young children, we assessed memory retrieval in the brain using a
novel neural measure that does not require explicit reports. During fMRI, each child viewed 30 s
video clips from their own infancy and from the infancy of the other child, equating the stimulus
set across children. After playing the first 15 s of each video intact, we probed retrieval by
distorting the remaining 15 s in one of two ways: First, we tested recall given a partial cue
(pattern completion) by blurring the second half, during which memory could allow
reinstatement of missing visual information. Second, we tested for detection of mismatches with
encoded memories (relational violation) by replacing the soundtrack or scrambling the order of
the second half of the video. Other videos were presented intact for the full 30 s, providing a
baseline for these additional component processes. We tested retrieval in subregions of the
hippocampus and medial temporal lobe that were segmented manually from high-resolution
anatomical scans. We found pattern completion in CA1-3, DG, and PHC but only in the younger
child. There was no neural detection of relational violations in the younger or older child. This
unique case study provides tentative evidence that some infant memories are encoded and
retained with sufficient episodic detail to support later cued recall, at least into early childhood.
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Abstract: Traumatic Brain Injury (TBI) is one of the leading causes of traumatic death and
disability globally. Concussion, or mild TBI (mTBI), constitutes up to 75% of all brain injuries
that occur annually in the US. There is growing evidence that repeated mild traumatic brain
injury can cause chronic neuroinflammation, changes in hippocampal synaptic plasticity, and
associated cognitive deficits. In this study, we used an awake closed head injury (ACHI) model
to administer an mTBI repeatedly (8 times, spaced 2 hours apart) over the course of the day in
juvenile male rats (P23-29). At 1 or 7 days after the injury, hippocampal slices were prepared for
in vitro electrophysiological recordings, and the capacity for long-term depression (LTD) in both
NMDA-mediated receptors and endocannabinoid-mediated receptors, as well as long-term
potentiation (LTP) was examined in the dentate gyrus (DG) synapse. We found that r-mTBI did
not produce significant alterations in presynaptic neurotransmitter release or in the size of
fEPSPs generated with different stimulus intensities. Preliminary results indicate an impaired
capacity for LTD in the endocannabinoid-mediated receptors 1-day post-injury, however, 7 days
post-injury LTD increases compared to control.
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Abstract: A growing segment of the population has reported cannabis use, including those who
are pregnant. Misconceptions around cannabis use are common, and a subset of people may
consider it a remedy for morning sickness, despite its effects as a potential teratogen. This
research focuses on the effects of prenatal THC exposure in the rat hippocampus. THC acts
primarily on CB1 receptors, one of the most ubiquitous G-protein coupled receptors in the brain.
They are primarily Gi, coupled, and found presynaptically on interneurons. The work of others
has shown that repeated THC exposure causes receptor downregulation. In the case of prenatal
exposure, the GABA switch has not yet been flipped, so this causes excitation. This has
ramifications for network establishment. Further, CB1 receptors have been shown to be integral
for axon guidance, and possibly for the migration of interneurons from the caudal and medial
ganglionic eminences to the hippocampus.

Our data suggests that there is an effect of prenatal THC exposure in parvalbumin and
somatostatin interneuron densities. Parvalbumin interneurons make up 20% of all interneurons in
the hippocampal formation. They are thought to be integral to lateral inhibition and memory
consolidation. In 70-day old animals, in the ventral CA1 and DG subfields, the number of PV
interneurons decreased, however this effect was smaller when related to the overall cell density.
There were fewer changes in interneuron numbers overall in the DG, however a decrease in the
number of PV interneurons in the THC exposed group was observed in the ventral DG.
Somatostatin interneurons show a regional specific decrease (in the CA1 but not DG subfield).
To ensure scientific rigor, power analysis was performed in all data sets. Sex differences were
also considered (and were powered appropriately) since adult rats have sexual dimorphism in
body size. Thus, profile counts were divided by the area of each cell layer counted. This also
serves to increase robustness against brains that had slices that were slightly dorsal leaning
(smaller area relative to ventral), to ventral leaning. All researchers were blinded to experimental
condition.

High-throughput macro analysis of ~19,000 Ibal+ cell circularity was investigated in adult
animals to assess if there are probable long term inflammatory ramifications of prenatal THC
exposure. Ibal+ cells circularity was found to be decreased in the dorsal dentate gyrus and the
ventral CA1 in both sexes. Sex differences were observed in the dorsal CA1, where only females
showed decreased circularity.
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Title: The effects of postnatal choline supplementation and exercise intervention in ethanol-
exposed rats
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Abstract: Fetal Alcohol Spectrum Disorder (FASD) is among the leading causes of
neurodevelopmental damage persisting into and throughout adulthood, yet a universal treatment
for FASD does not currently exist. There is evidence that the nutrient, choline, and exercise
interventions can reduce impaired phenotypic outcomes in FASD subjects - particularly in
memory-related tasks. FASD subjects exhibit decreased neurogenesis in the hippocampal dentate
gyrus (DG), a region of the brain required for information consolidation, while choline-treated
and exercise-treated subjects both individually increase neurogenesis in the DG. This study
explores whether choline and exercise produce additive recovery effects to neurogenesis in the
DG following postnatal ethanol exposure. A third-trimester binge-like ethanol exposure model of
a gavage-fed liquid diet was administered to eight randomly assigned groups of neonate rats
from PD 4-9 (blood alcohol concentration ~300-340 mg/dl). Groups were given subcutaneous
injections of either choline (100 mg/kg/day) or saline from PD 10-30 and were placed into a
daily forced exercise task on either a moving (10 m/min) or non-moving automated running
wheel from PD 26-35. All groups received intraperitoneal Bromodeoxyuridine (BrdU) (400
mg/kg) injections on PD 35 and were euthanized within 24 hours of BrdU treatment (on PD36).
Immunofluorescent staining against BrdU, ionized calcium-binding adapter molecule (Ibal) and
glial fibrillary acidic protein (GFAP) was used to visualize changes in the distribution and
abundance of dividing cells and microglial and astrocytic subpopulations across conditions.
Preliminary results suggest that ethanol-exposed rats displayed a decrease in the abundance
BrdU+ cells compared to controls. This effect was reduced in choline-treated and exercise-
treated rats. Choline-exercise-treated rats displayed the highest abundance of BrdU+ cells, in
both ethanol-exposed and control conditions. The abundance of BrdU+ cells was significantly
higher than the abundance of co-positive BrdU and IBA1 cells, as well as co-positive BrdU and
GFAP cells. These results suggest that the administration of choline and exercise to ethanol-
exposed and wild-type rats may increase the DG’s capacity for neurogenesis relative to either
intervention alone, indicating a potential additive interaction between the cognitive changes
elicited by both interventions, occurring as early as PD36 (adolescence). Choline and exercise
are both promising treatment options for the recovery of impaired neurogenesis in the DG, and
the use of both interventions together could increase this capacity for recovery in FASD subjects.
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Abstract: Major depressive disorder (MDD) is a mental illness that affects millions of people
worldwide, making it one of the leading causes of disability. Chronic stress exposure is a well-
recognized risk factor for the development of MDD, in which social stress, in particular, plays a
role in the etiology of mood-related disorders. While the traditional social defeat stress (SDS)
paradigm has been useful in investigating the development/expression of behavioral responses
associated with mood-related illnesses, mouse and rat models, unfortunately, display limited
social structures that more directly resemble human behavior; consequently, limiting their
translational implications. For this reason, the purpose of this study was to examine if SDS, in
male prairie voles specifically, results in a depression-related phenotype. To do this, sexually
naive male voles experienced physical defeat bouts by a pair-bonded male resident aggressor, 5
minutes per day, for 7 consecutive days. Non-stressed control male voles (same-sex siblings)
were handled daily and housed in cages fitted with perforated Plexiglass partitions. Twenty-four
hours after the last SDS exposure, experimental voles were evaluated on the social interaction,
sucrose preference, and forced swim tests - behavioral endpoints that are commonly
implemented to evaluate sociability, anhedonia, and despair-like behavior. When compared to
controls, SDS-exposed voles displayed decreases in body weight, sociability, and preference for
a sucrose solution, along with increased immobility on the forced swim test. Importantly, no
differences in general locomotor activity were observed as a function of SDS between the
groups. Collectively, these findings indicate that SDS exposure induces depression-related
behavior in male prairie voles.

Disclosures: M. Rodriguez: None. S.A. Castillo: None. B. Cushing: None. S.D. Iniguez:
None.

Poster

520. Developmental Regulation of Brain and Behavior
Location: SDCC Halls B-H

Time: Tuesday, November 15, 2022, 1:00 PM - 5:00 PM
Program #/Poster #: 520.23

Topic: A.09. Adolescent Development

Support: SIP-Instituto Politécnico Nacional
Instituto Nacional de Psiquiatria Ramon de la Fuente Mufiiz



Title: Preeclampsia as a possible origin for development of anxiety, depression disorders and
memory alterations in offspring
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Abstract: It has been described that preeclampsia might affect health in offspring at adult life.
Low birth weight has been associated to cardiovascular and metabolic alterations in adults. There
are, however, few studies relating this illness to development of anxiety, depression and memory
alterations in offspring. The objective of this work was to evaluate the possible relationship of
preeclampsia with development of anxiety, depression, and memory alterations in offspring from
preeclamptic rats. Thirty Swiss Webster females 12-14 weeks old, and 15 males 14 weeks old
were mate in a two females per male ratio. Day 1 of pregnancy was recorded when spermatozoa
were found in a vaginal smear. Pregnant females were divided into control group receiving
vehicle, and preeclampsia group receiving L-NAME in drinking water at a dose of 60 mg/Kg
from day 10 of pregnancy until delivery. Offspring was weaned and sexed at 4 weeks after birth.
For study purposes, 2 females and 2 males were taken from every control and preeclamptic dam
to set 4 study groups with 15 males and 15 females. Each group was evaluated using the elevated
plus maze test (anxiety), tail suspension test (depressive-like behavior) and the recognition of
novel objects test (memory), in addition to the open field test was performance to corroborate
their motor activity and validate our results. We found that the male offspring from preeclampsia
showed an enhancement in the time that mice spend in the close arms in the elevated plus maze
test, in addition to a longer immobility time in the tail suspension test, compared to the offspring
from healthy pregnancies. On the other hand, female offspring from preeclampsia showed a
lower percentage of recognition in the memory test compared to offspring from normal
pregnancy. These results seem to suggest that preeclampsia predisposes young male offspring to
develop anxiogenic and depressive-like behavior as well as memory impair in young female
offspring.
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Title: Glun2c/d selective positive allosteric modulator of nmda receptors reveals particular
gabaergic interneuron subtypes that do not rely on glun2d-mediated neurotransmission
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Abstract: GABAergic interneurons make up a small proportion of total CNS cells, yet they
control circuit excitability and behavior. Through opto- and chemogenetic manipulation,
hippocampal GABAergic interneuron function can be directly linked to spatial navigation,
memory, and overall network oscillations. Additionally, interneuron dysfunction is a central
hypothesis to multiple neuropathological diseases including epilepsy, schizophrenia, and autism.
Thus, the therapeutic potential of interneuron modulation is immense. One potential avenue for
interneuron-specific control is through activation of GIuN2D-containing NMDA receptors. The
GIuN2D subunit is expressed in GABAergic interneurons, with little to no expression on
glutamatergic principal cells. In line with these data, our novel GIuUN2C/D-specific positive
allosteric modulator, (+)EU1180-453, was able to significantly increase the charge transfer of
evoked NMDA receptor-mediated currents onto stratum radiatum interneurons (0.59 pC for
baseline vs 0.92 pC for 10 uM (+)EU1180-453; paired t-test, p=0.003; n=13). Interestingly, only
54% (7/13) of these recorded cells showed robust potentiation above 1.25-fold, while the
remaining cells had minimal response to (+)EU1180-453. Given heterogeneity of interneurons
found within stratum radiatum, we hypothesized that the differential effects of (+)EU1180-453
may be driven by lack of GIUN2D expression on a particular interneuron subtype. To answer
this, we used genetically-driven fluorescent mice to test (+)EU1180-453’s efficacy on
cholecystokinin (CCK) only, CCK/vasointestial peptide (VIP), VIP only, and neuropeptide-Y
(NPY) positive cells in stratum radiatum. We have shown mixed effects of (+)EU1180-453 on
CCK only and CCK/VIP cells, while VIP only cells showed no potentiation, and NPY cells
showed strong potentiation. Since GIUN2C is not expressed on these interneuron subtypes, these
data suggest that functional synaptic GIUN2D expression may be limited to a unique subset of
interneurons. We are currently assessing parvalbumin- and somatostatin-expressing interneurons
to obtain a broad picture of GIUN2D synaptic expression and the interneuron landscape. These
data demonstrate how positive allosteric modulators of GIuN2D-containing interneurons could
alter network function.
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Abstract: NMDA receptors (NMDARs) mediate a slow, Ca?" permeable component of
excitatory synaptic transmission in the CNS, and are tetrameric assemblies of two glycine
binding GluN1 subunits and two glutamate-binding GIuN2 subunits. There are four different
GIuN2 subunits (A-D), which are differentially expressed throughout the CNS. The GIuN2D
subunit appears absent in most principal cells but is present in many interneurons. We have
developed a series of positive allosteric modulators that show selectivity for the GIuUN2C/2D
subunits. Here we explore the actions of these modulators on hippocampal function using current
clamp recording from CA1 pyramidal cells and interneurons in hippocampal slices from
C57BL/6J mice (P20-25). Horizontal brain slices that contained the CA1 region were prepared
and spontaneous firing of CA1 pyramidal cells and interneurons was recorded for a 5-minute
baseline period, followed by a 10-minute of (+)-1180-453 (10 uM), which is a selective
GIuN2C/2D positive modulator (ECso 3 uM). The recording was concluded by co-applying (+)-
1180-453 with DL-AP5 (400 uM) for 5 min. The intrinsic membrane properties were measured
during each treatment, including current-voltage (IV) curve, input resistance, the membrane time
constant (1), rheobase, evoked-spike firing frequency, and resting membrane potential. (+)-1180-
453 hyperpolarized the membrane potential from -68+3.4 mV to -72+3.3 mV (mean+ SEM;
n=10), shifted the IV curve more negative, but did not significantly alter input resistance, spike
firing or rheobase. These effects were blocked by APV. To investigate the mechanism of the
hyperpolarizing effect of (+)-1180-453, we repeated this protocol in pyramidal cells (n=8) with
inclusion of the GABAA receptor inhibitor bicuculline (20 uM). The administration of
bicuculline did not significantly change the intrinsic membrane properties of pyramidal cells, but
eliminated the effects of (+)-1180-453. Recordings from CAL interneurons showed two different
responses. In 5 of 10 interneurons, (+)-1180-453 increased spike firing frequency, whereas it
hyperpolarized the remaining 5 interneurons. These results suggest that potentiation of NMDAR
responses in GIuN2D-expressing GABAergic interneurons can increase their activity and



suppress the excitability of CA1 pyramidal cells. We interpret the hyperpolarizing actions on
interneurons of (+)-1180-453 as indicative of interneurons that do not express GIuN2D but
receive input from other GIuN2D-expressing interneurons. These results show that enhancement
of GIuN2D can sculpt interneuron function in a complex fashion that alter circuit properties.
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Abstract: The expression and activity of ionotropic glutamate receptors controls signal
transduction at the excitatory synapses in the CNS. The major role is played by the calcium-
permeable NMDA receptors (NMDARS) that are represented by three types of subunits: GIuUN1,
GIuN2A-D, and GIuN3A-B. The NMDAR is composed of two obligatory GIuN1 subunits and



two GIuN2 or GIuN3 subunits in different combinations. Each subunit consists of four domains:
the extracellular amino-terminal and agonist-binding domains; the transmembrane domain; and
the intracellular C-terminal domain (CTD). The CTD representing up to half of the entire
NMDAR subunit (GIuN2A/B) has the lowest homology between NMDAR subunits. The CTD of
the NMDAR is crucial for trafficking of the receptor to synapses, endocytosis, and subsequent
degradation of the receptor. The direct effect of altered CTD on the functional properties of the
NMDAR ion channel has also been shown. CTD interacts with several intracellular proteins,
such as cytoskeletal proteins, scaffold proteins, or proteins involved in intracellular signaling. In
addition to the binding of various proteins, CTD is a target of numerous post-translational
modifications regulating the functional properties of the receptor. Amino acid mutations in the
cytosolic part of NMDAR subunits have been identified in individuals with various neurological
impairments. These mutations could potentially contribute to the emergence and development of
the disorder. We employed electrophysiological and microscopy techniques to study the impact
of four (P1386L, N1076K, T1064A, V967L) disease-diseases associated mutations
(schizophrenia or epilepsy) in the CTD of the GIuUN2A subunit, which we identified in our NGS
data set from patients. We analyzed the NMDAR ion channel properties, their changes in surface
expression, and their trafficking to synapses. Our results suggest that the mutations we tested
affect the ion channel properties, such as glutamate potentiation, desensitization, and open
channel probability. Besides that, studied mutations significantly decreased NMDAR surface
expression. Furthermore, the de novo mutation P1386L found in schizophrenia patients shows a
defect in synaptic localization. We demonstrated that decreased synaptic localization of P1386L
mutated NMDAR is presumably linked to lower affinity for the scaffold protein PSD-95. In
summary, we showed that genetic changes in the CTD of the NMDA receptor altered its
functions, impairing its delivery to the cell surface and synaptic localization, which might
contribute to the emergence of neurological disorders.
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Abstract: Schizophrenia (SCH) is a severe mental disorder characterised by a high heritability
rate. Genome-wide association studies revealed several individual loci contributing to disease
susceptibility included GRIN genes encoding NMDA receptor subunits. A substantial number of
NMDAR mutations and rare variants have been reported, but much less is known regarding the
common population variability of the genes. In our recent study, we demonstrated that genetic
variability in ionotropic glutamate receptors (iGIuR) plays a meaningful role in the majority of
SCH patients. We found genetic variability associated with SCH for variants in intronic
sequences and regulatory regions of GRIN genes, suggesting possible alterations in gene
expression and mRNA processing leading to NMDAR signaling disfunction. In addition,
previous studies also reported different levels of gDNA methylation in various neurological
diseases, also suggesting altered epigenetic regulation. Our goal was to analyse both the genetic
variations and the methylation profiles of the regulatory parts of the GRIN genes to assess their
effects on gene control. Our custom neuropanel covers, among other loci, all genes for the iGIUR
subunits including their promoter, 5’'UTR and 3'UTR regions. The clinical cohort comprises 62
SCH and corresponding control subjects. We mapped the genetic profiles of promoters and
UTRs in individual GRIN genes and patients and used the CADD tool for scoring the
deleteriousness of variants. The highest number of SNPs was observed in GRIN3B subunit, 27 in
total. We also identified 5 SNPs in GRIN1 promoter region, 10 in GRIN2A, 13 in GRIN2B, and
8 in GRIN3A. Two variants rs181870048 (GRIN2A) and rs12338602 (2B) had a high
CADD_phred score. The selected promoters (combination of SNPs) identified with higher
frequency in SCH and the control were cloned into a luciferase reporter plasmid and their
activity was analysed. We observed differential activity between the selected promoters of each
GRIN gene. However, the expected decreased activity of the promoters was not exclusive to the
promoters found more frequently in SCH. In parallel, we analysed the methylation sites
overlapping with the promoter regions using real-time PCR and bisulfite sequencing. We found
an increased level of DNA methylation in GRIN1 and GRIN3A/B genes in SCH. Methylation
was decreased in the analysed region of GRIN2A, whereas the GRIN2B gene was not affected.
Our results suggest that both genetic changes in the promoter region of Grin genes and changes
in methylation can alter the expression of GRIN genes in SCH. The data presented also help us
to understand the possible role of several SNPs in NMDAR regulation.
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Abstract: N-methyl-D-aspartate receptors (NMDARsS) are synaptic glutamate receptors that
mediate a Ca?*-permeable component of excitatory transmission and are critical for synaptic
plasticity and brain development. Recently, whole exome sequencing has identified multiple
patients with heterozygous de novo missense mutation in the M2 transmembrane domain of the
NMDAR GIuN1 subunit (encoded by the GRIN1 gene). All patients present with severe
intellectual disability, developmental delay, motor and sensory deficits. The genetic variant
(c.1858G>C/A) results in a substitution from glycine to arginine at position 620 of GIuN1
(p.G620R). However, the impact of this variant on synaptic function is unknown. We therefore
generated a mouse model (Grin1-G620R) mimicking the heterozygous variant reported in the
patients. Both male and female mice were used in this study. Grin1-G620R mice were smaller
and weighed less than their wild-type (WT) littermates across a range of ages. However, we
found no differences in gross brain anatomy or neuron number in Nissl-stained sections from
adult mice. In behavioural testing, Grin1-G620R mice (8-12 weeks) exhibited locomotor deficits
in the open field test, as well as increased startle response during pre-pulse inhibition. We used
acute slice electrophysiology to examine the impact of the G620R variant on synaptic function in
the CA1 hippocampus. Extracellular field recordings revealed no deficit in basal AMPAR-
mediated synaptic transmission of Grin1-G620R mice; however, NMDAR-mediated field EPSPs
were reduced to ~50% of WT levels, and long-term potentiation (LTP) induced by theta-burst
stimulation was similarly reduced by ~50%. In voltage clamp recordings from CA1 pyramidal
neurons, NMDAR-EPSCs from Grin1-G620R mice were not only reduced compared to WT, but
also exhibited significantly faster decay kinetics. In contrast, analysis of NMDAR-EPSC current-
voltage plots showed no difference in the sensitivity of NMDARs to blockade by Mg?* ions.
Finally, we found no difference in surface GIuN1 protein level in Grin1-G620R mice using a
surface biotinylation approach. Together, our data suggest that variant GIluN1-G620R subunits
are incorporated into synaptic NMDARs where they result in reduced channel function and
impair activity-dependent synaptic plasticity, but do not significantly impact circuit formation
during brain development.
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Abstract: Glutamate is the primary excitatory neurotransmitter in the central nervous system.
The dynamics of glutamatergic signaling associates with all forms of brain activity including
learning and memory. lonotropic glutamate receptors (iGIluRs) are glutamate-gated ion channels
that convert presynaptically released glutamate into a biological signal by opening of the ion
channel pore, a process referred to as gating. N-methyl-D-aspartate receptors (NMDARS), a
particular iGIUR subtype, are obligate hetero-tetramers, formed by two glycine-binding GluN1
subunits and typically two glutamate-binding GIuN2(A-D) subunits. NMDARs contribute to
normal brain physiology, which are highlighted in its contribution to neurological disorders such
as autism, epilepsy and Alzheimer’s diseases. Understanding the mechanistic basis of NMDAR
function has broad implications to brain function as well as clinical interventions. Fast glutamate
applications to single channel patches is a powerful approach for studying underlying gating
details. Notably, single NMDARSs show either successes (activation) or failures (no activation),
with successes showing variations in the delay to opening. Failures and delays to opening will
impact how strongly the channel contributes to fast synaptic signaling. Here, | addressed
potential mechanisms regulating failure rates and delays to opening that are relevant to the
function of NMDARSs at synapses. In terms of failures, one factor is the time between glutamate
applications, as failure rates are significantly reduced with longer wait times. Additionally, the
status of pH and CTD impact the activation efficiency of NMDARSs, which indicates their
important role in channel activity. In terms of subunit dependence, GIuUN2B-NMDARs with a
much lower open probability than GIuUN2A-NMDARs, have a significantly reduced efficiency
and shows greater variation. Interestingly, GIuUN2C-NMDARs with an even lower open
probability shows comparable failure rates to GIUN2A-NMDARs. Our data indicate intermediate
activation pathways are a mode by which NMDARs are modulated: the physiological
environment and subunit composition will have profound effects on NMDARs activation during
repetitive activity, which would strongly impact Ca2+ influx mediated. Characterization of
subunit-specificity of failures and delays to opening will allow us to understand the functional
diversity of NMDAR subtypes, which is critical to the improvement of clinical approaches for
neurological diseases.
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Abstract: Consolidation of fear, spatial and motor learning has been demonstrated to be
accompanied by proliferation of oligodendrocyte precursor cells (OPCs) and to require
generation of new oligodendrocytes and de novo myelination. While studies have demonstrated
immediate differentiation of pre-existing OPCs into immature oligodendrocytes as important for
both motor and spatial learning, transgenic animals incapable of OPC differentiation exhibit
normal recall of recent fear memories, leading authors to conclude that deficits in memory at
remote time points are solely due to a lack of differentiation of newly proliferated precursor
cells. Here, using in-situ hybridization and immunohistochemistry colabelling, we investigate the
expression and spatial distribution of “newly differentiated” pre-myelinating oligodendrocytes
and cFos in the brains of adult male and female c57BI6/J mice 90 minutes after contextual fear
conditioning. In vitro studies in OPC-neuron co-cultures and rodent studies following
remyelinating white matter lesions suggest that N-methyl D-Aspartate receptors (NMDARS), a
type of ionotropic glutamate receptor, are involved in activity dependent differentiation of OPCs.
We show that subchronic treatment with NMDAR antagonist dizocilpine (MK801) post
conditioning (i.p, 0.2 mg/kg, 1 time daily, 25 days) does not alter locomotor activity, yet reduces
freezing behavior (P=0.038, n=6) during remote fear memory retrieval. In order to evaluate
whether this is related to learning related myelin remodeling we investigated the effects of post
conditioning MK801 treatment on the immediate OPC differentiation and proliferation using in-
situ hybridization and immunohistochemistry. Through these studies we attempt to further
elucidate mechanisms of neuronal activity dependent white matter plasticity and explore putative
pharmacological intervention for the attenuation of fear memory.

Disclosures: N. Vaswani: None. P.S. Finnie: None. M.T. Sullivan: None. A.J. Ramsey:
None.

Poster

521. NMDA Receptors: Biophysical Properties and Pharmacology
Location: SDCC Halls B-H

Time: Tuesday, November 15, 2022, 1:00 PM - 5:00 PM

Program #/Poster #: 521.08



Topic: B.02. Transmitter Receptors and Ligand-Gated lon Channels
Support: NIH R0O1GM128195
Title: Characterization of NMDAR membrane to channel inhibition by (+)-MK-801

Authors: *A. NIGAM, E. G. NEUREITER, J. W. JOHNSON;
Dept. of Neurosci., Univ. of Pittsburgh, Pittsburgh, PA

Abstract: N-methyl-D-aspartate receptor (NMDAR) inhibition is extensively studied due to its
therapeutic potential. NMDARs are calcium-permeable glutamate receptors expressed broadly in
the brain that are implicated in many neurological disorders including Alzheimer’s disease (AD).
They are tetrameric ionotropic receptors composed of two obligatory GluN1 subunits and two
GIuN2 (A-D) and/or GIuN3 (A-B) subunits. Channel blocking inhibitors such as memantine (an
FDA-approved drug for treatment of AD) and MK-801 exhibit two distinct inhibitory
mechanisms: the extensively studied traditional channel block, and membrane to channel
inhibition (MCI). Traditional channel block occurs when charged blocker molecules from the
extracellular solution enter the open channels of agonist-bound NMDARsS, blocking ion flux. Our
lab recently showed that memantine MCI occurs when uncharged memantine molecules in the
extracellular solution enter the membrane, and then transit from membrane to open channels of
agonist-bound NMDARs through a fenestration, blocking ion flux. Here, we use tsA201 cells
transfected to express NMDARs to investigate properties of MK-801 MCI using previously-
established protocols. We previously showed that the MK-801 MCI ICsgs for diheteromeric
GIuN1/2A and GIuN1/2B receptors are similar. In contrast, GIluN1/2C and GIuN2D receptors
showed weak MCI measured by Min Imci/lcon (minimum NMDAR-mediated current during MCI
relative to control current), following application of 10 uM MK-801 to GIuN1/2D (Min Imci/lcon
0.95 £ 0.02) or 100 uM MK-801 to GIuN1/2C (Min Imci/lcon 0.48 £ 0.05) receptors. We
investigated the time course of MK-801 exit from the membrane using GIuN1/2A and GIluN1/2B
receptors and found that MK-801 exits the membrane with time constants of 9.27 £ 0.22 s and
8.12 £ 0.23 s respectively. When compared with previous measurements, these data suggest that
MK-801 exits the membrane much more slowly than memantine. We studied voltage
dependence of MK-801 entry into the membrane using 1 M MK-801 and GIuN1/2A receptors.
Min Imci/lcon Was compared using two protocols: with MK-801 applied at -65 mV and MCI
measured at -65 mV, or with MK-801 applied at 35 mV and MCI measured at -65 mV (the
voltage jump protocol). We found that Min Imci/lcon Was not significantly different when the
entire protocol was performed at -65 mV (0.38 £ 0.04) and when the voltage jump protocol was
used (0.25 £ 0.05; p =0.11). Thus, MK-801 entry into the membrane is not voltage dependent.
We expect that continued characterization of MK-801 MCI will help deepen understanding of
NMDAR channel block.
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Abstract: Neuromorphic computing has gained much attention as a method of reduction of
power consumption of artificial intelligence (Al) processors. On the other hand, neuron models
employed in neuromorphic computing are single-compartment, and therefore they cannot
implement active properties such as dendritic spikes. Incorporating dendritic nonlinearities into
the computational models is expected to improve the computing capability of neuron models,
hence reducing the cost and power consumption of Al Processor. In this study, we simulated N-
methyl-D-aspartic acid (NMDA) spikes, a type of dendritic spikes, by using Virtuoso, a
computer-aided design (CAD) software for integrated circuits (IC). Models of a-amino-3-
hydroxy-5-methyl-4-isoxazolepropionic acid (AMPA) receptors and NMDA receptors were
expressed by equivalent circuits consisting of some electrical components such as, resistor (R),
inductor (L), capacitor (C), voltage-controlled current source, voltage-controlled voltage source,
and operational amplifier. The effects of varying the NMDA/AMPA ratio and the number of
inputs were examined. The output of each receptor was modeled as an electrical current. The
waveform was reproduced by the output current proportional to the step responses of the built-in
RLC band pass filter. The rise and fall time constants were set independently by adjusting R, L
and C. The magnitude of the current depends on the membrane potential. The I-V curve was
approximated by a piecewise linear (PWL) function. The simulation proved that NMDA spikes
requires an NMDA/AMPA ratio greater than 1. This result corresponds with simulations with a
multi-compartment model of a barrel cortex layer 5 pyramidal neuron. The excitatory
postsynaptic potentials (EPSPs) were superlinear when the membrane potential was lower than -
30 mV, where the I-V curve of NMDA receptors reaches the maximum. Otherwise, the EPSPs
were compressed. These characteristics are consistent with experimental data of neocortical layer
5 pyramidal neurons recorded by patch-clamp technique. The implementation of the I-V curve
by a PWL function is directly applicable to the experimental results, and thereby useful for
reflecting the latest reports of properties of receptors and ion channels. Moreover, because
semiconductor circuits simulators are designed to apply to the large networks, it is expected that
the presented method is extended to the analytics of more complex neural models.
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Abstract: N-methyl-D-aspartic acid receptors (NMDARS) are implicated in several psychiatric
and neurological diseases. NMDARs are tetrameric subunit complexes composed of two glycine-
binding GIuN1 and either two glutamate-binding GIuN2 subunits (GIuN2A-D) or two glycine-
binding GIuN3 subunits (GIUN3A-B). Due to high sequence identity among the GIUN2 subunits,
the development of subtype-selective NMDAR ligands targeting the glutamate binding site has
to this date been unsuccessful. We aimed to explore potency, efficacy, and NMDAR subtype-
selectivity for a new class of glycine site agonists that bind GIuN1 to activate NMDARs in a
GIuN2-subunit specific manner. We designed 19 furanylamide derivatives of the GIuN1 glycine
site agonist AICP, which is superagonist at GIuN1/2C, full agonist at GIuN1/2A, and partial
agonist at GIuN1/2B and GIuN1/2D. The structure-activity relationship of the compounds was
evaluated at recombinant NMDAR subtypes using two-electrode voltage-clamp recordings. No
discernible agonist activity was seen at the GIuN1/2B subtype for any of the analogs, but all
compounds showed activity at the GIuN1/2C subtype. The agonists show partial, full, or
superagonism ranging from <10% to 157% relative to the maximal response compared to
glycine. Six analogs were GIuN1/2C-specific agonists with no discernible agonist activity at
GIuN1/2A, GIuN1/2B, and GIuN1/2D subtypes. Several of the agonists showed high potencies
with ECsp values in the low nanomolar range (< 100 nM). Induced-fit computational docking
into the GIuN1 glycine binding site demonstrated that fundamental ligand-receptor interactions
for the agonist -amino part were conserved and consistent with previous literature. In addition,
the agonists were predicted to protrude into a side pocket of the orthosteric GIuN1 binding site
oriented toward the interface of GIuN1 and GIuN2 subunits. Consistent with this predication, it
was found that a non-conserved residue at the position of GIUN2A Val783 in the GIUN1-GIluN2
dimer interface influenced the GIuN2-specific agonist efficacy. Furthermore, the results from
computational docking were consistent with the binding mode found in crystal structures of the
isolated GIUN1/2A agonist binding domain heterodimer. Our findings expand the synthetic
pharmacology of NMDARSs and contribute to a deeper understanding of subtype-specific
NMDAR-modulation through the orthosteric GIuN1 glycine binding site. With the significant
variation in potency, efficacy, and selectivity, this new class of NMDAR agonists may provide
innovative therapeutic strategies in the treatment of neurological and psychiatric disorders.
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Abstract: N-methyl-D-aspartate receptors (NMDARS) are ionotropic glutamate receptors, which
are widely expressed throughout the nervous system. NMDARs play crucial roles in neuronal
development, synaptic plasticity, learning and memory, and neuropsychiatric disorders. The
functional NMDAR subunits assemble as hetero-tetramers consisting of two GIuN1 subunits and
two subunits that are either GIuUN2 (A-D) or GIuN3 (A-B). In particular GIuN2 subunits define
many of the functional properties of the channel, including their trafficking and their synaptic
expression. In cerebral cortex and hippocampus, NMDARs are primarily composed of two
GIuN1 subunits, and two GIuN2A and GIuN2B. GIuN2A and GIuN2B have common binding
protein regions and posttranslational modification sites such as phosphorylation, whereas they
have distinct endocytic motifs in their C-terminal tails. The most well-known region in their
cytosolic tail is the postsynaptic density-95 (PSD-95)/DIg-A/Z0O-1 (PDZ) binding motif (ESDV).
PSD-95 is a member of the membrane-associated guanylate kinase (MAGUKS) family of
proteins that is well-known for binding to the PDZ binding motif in the C-terminus of the GIuUN2
subunits of NMDARs. This PSD-95 binding stabilizes the surface expression of GIuN2 subunit
containing-NMDARs at synaptic membranes. Connector Enhancer of Kinase Suppressor of Ras2
(CNKSR2), also known as CNK2 or MAGUIN, is a synaptic scaffolding protein and was
identified as a binding protein for PSD-95 and synaptic scaffolding molecule (S-SCAM).
CNKSR2 is a homologue of CNK discovered first in association with Ras/Mitogen-activated
protein kinase (MAPK) signaling during eye development in Drosophila. The CNKSR2 protein
is encoded by the CNKSR2 gene located on the X-chromosome. Many CNKSR2 human
mutations are associated with neurodevelopmental disorders including X-linked Intellectual
Disability (XLID), Autism Spectrum Disorder (ASD), Attention Deficit Hyperactivity Disorder
(ADHD), and epilepsy. However, the molecular mechanisms have not been elucidated. CNKSR2
is a multi-domain protein including Sterile Alpha Motif (SAM), Conserved Region in CNKSR2
(CRIC), PDZ, and Pleckstrin Homology (PH) domains. CNKSR2 is brain specific and enriched
at neuronal synapses. We have characterized CNKSR2 expression during development, in



different brain regions, and its subcellular localization. We have also investigated the CNKSR2
binding proteins at neuronal synapses. Interestingly, CNKSR2 is enriched at the PSD in neurons
and it binds to NMDARs as well as PSD-95. These results implicate CNKSR2 as an important
interactor of PSD-95 and NMDARs.
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Abstract: N-methyl-D-aspartate receptors (NMDARS) are glutamate gated ion channels present
at most excitatory synapses in the brain. They are involved in learning, memory, and synaptic
function and are implicated in a range of diseases. Thus, pharmacology of NMDARs has broad
therapeutic implications. MK-801 is a high affinity NMDAR channel blocking antagonist that is
used as a research tool to study synaptic function, often applied intracellularly to inhibit
postsynaptic NMDARs. However, the underlying mechanism by which intracellular MK-801
(iIMK-801) inhibits NMDARs is not well understood. Here, we investigate inhibition of
NMDARs by iMK-801. We performed whole-cell patch-clamp electrophysiology on tsA201
cells transfected to express diheteromeric NMDARs composed of GIuN1 and GIuN2A
(GIuN1/2A) and GIuN1/2C receptors. We characterized subtype dependence, amount, and time
course of inhibition by 0.1 and 10 mM iMK-801. We quantified iMK-801 inhibition by
recording at a depolarized membrane potential (Vm) of 65 mV to alleviate iMK-801 block,
followed by a jump to a hyperpolarized Vi of -65 mV to measure current amplitude and rate of
reblock. Inhibition by iMK-801 was measured by calculating the ratio between the peak current
after the hyperpolarizing step (Ipeak) and the steady state current after iIMK-801 reblock at -65 mV
(Iss).We found substantial NMDAR subtype dependence of iMK-801 inhibition: 10 mM MK-801
induced significantly more inhibition of GIUN1/2A receptors (Iss/lpeak = 0.069 £ 0.01) than of
GIuN1/2C receptors (Iss/lpeak = 0.41 £ 0.01) (p < 0.0001). There was also a significant difference
in inhibition with 0.1 mM iMK-801 between GIUN1/2A (Iss/lpeak = 0.23 £ 0.12) and GIuN1/2C
receptors (Iss/lpeak = 0.67 £ 0.06) (p = 0.02). Iss/lpeax Was also significantly different within
subtypes between 0.1 and 10 mM iMK-801 (p = 0.04 for GIuN1/2A and p = 0.01 for GIuN1/2C).
We analyzed the time constant of iMK-801 inhibition in GIUN1/2A by fitting a double



exponential curve to the NMDAR current decay that followed the Vi jump from 65 to -65 mV.
The fast time constant was significantly faster in 10 mM MK-801 (23.2 £ 5.8 ms) than in 0.01
mM MK-801 (2080 £ 1253 ms) (p = 0.04).The difference in inhibition of GIuN1/2A and
GIuN1/2C receptors indicates that even high concentrations of iMK-801 do not effectively
inhibit all NMDAR subtypes. The strong subtype dependence of inhibition by iMK-801 also
suggests the specific mechanisms of inhibition by intra- and extracellular MK-801 may differ,
since inhibition by extracellular MK-801 does not display strong NMDAR subtype dependence.
Further exploration of the mechanisms of iMK-801 action will deepen our understanding of drug
action on NMDARs.
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Abstract: Classically, ionotropic postsynaptic NMDA receptors (postNMDARS) act as
coincidence detectors in Hebbian plasticity. However, NMDARs can also signal
metabotropically even when Mg**-blocked, and can be found presynaptically (preNMDARS),
two scenarios where Hebbian coincidence detection is not possible. We previously showed in
primary visual cortex (V1) layer-5 (L5) pyramidal cells (PCs) that preNMDARSs signal
ionotropically via RIM1af to boost high-frequency evoked release, but metabotropically via
JNK2 to regulate spontaneous release independent of frequency. As L5 PC timing-dependent
long-term depression (tLTD) is independent of frequency, we hypothesized that tLTD also
requires metabotropic preNMDAR signalling via JINK2. By genetic deletion, we additionally
tested if pre- or postNMDARS govern synaptic plasticity.

Quadruple patch in P11-18 mouse acute V1 slices revealed that the JNK2 inhibitor SP600125
abolished tLTD (96% + 2%, n =9 vs. tLTD 62% + 4%, n = 15, p < 0.001) but homozygous
RIM1af deletion did not (deletion 65% + 7%, n =10 vs. tLTD, p = 0.74). Also, 7-CK did not



affect tLTD (73% £ 5 %, n =9, p < 0.001), confirming that tLTD relies on metabotropic but not
ionotropic preNMDAR signalling. In agreement with presynaptic induction, pre- but not
postsynaptic dialysis of a INK2-blocking peptide abolished tLTD (pre 96 + 4%, n = 10 vs. tLTD
52% + 6%, n =7, p <0.001; post 61+ 5%, n =12 vs. tLTD, p = 0.30). To globally delete
NMDARs in all PCs, we created the triple transgenic mouse model

Emx1¢+; AjgtdTom+NR1fo¥flox T sparsely delete NMDARS, we injected AAV9-eSYN-
mCherry-iCre-WPRE in V1 of P1 NR1"¥o* mjce. MNI-NMDA uncaging verified
postNMDARSs deletion in global (0.02 £ 0.5 pA, n =31 vs. control -48 + 6 pA, n=19; p < 0.001)
and sparse models (0 £ 0 pA, n =9 vs. control -31 + 8 pA, n = 14; p < 0.001). Consistent with
preNMDAR deletion, AP5 did not affect mEPSC frequency in the global model (92% + 4%, n =
18 vs. control 60% + 12%, n = 5; p < 0.05). Spine density was reduced in the global model (2.5 +
0.2 spines/10 um, n =29; vs. 3.8 £ 0.2 spines/10 um, p < 0.001), suggesting that NMDARs
promote synapse formation/stability. In the sparse model, AP5 failed to suppress EPSPs in PC-
PC pairs with preNMDAR deletion (102% + 10%, n = 4), yet successfully did with no or
postNMDAR deletion (pooled: 63% + 10%, n = 6; p < 0.05), indicating that pre- but not
postNMDARSs control short-term plasticity. In the sparse model, we will next show how
pre/postNMDAR deletion impacts tLTD.

In conclusion, preNMDARs control both short and long-term plasticity, but in different ways:
the former ionotropically and the latter metabotropically. At V1 L5 PC synapses, NMDARs thus
do more than classic Hebbian coincidence.
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Abstract: One of the most essential steps during drug discovery is to develop a reasonable
screening cascade. Typical primary tool used for screening of modulators of N-methyl-D-
aspartate receptor (NMDAR) are heterologous expression systems with defined NMDAR subunit
composition. These models are particularly useful for the first selection of the active compounds
from libraries. However, the compound activity can be affected by the absence of neuronal
microenvironment. The most complex and physiologically relevant in vitro models recently used
in neuropharmacology research include brain slice cultures and organoids. The main
disadvantage of these cultures is low throughput, and therefore they are more suitable for
mechanistic studies. The compromise solution that preserves natural physiological functions of
neuronal cells but is also amenable for medium-to-high throughput screening is represented by
(1) immortalized cell lines differentiated to neuron-like phenotype, (2) iPSC-derived neurons
generated from human somatic cells or (3) primary cultures isolated from brain tissue. The aim
of this study was to find out, whether mixed cortical and hippocampal primary rat postnatal
neuronal culture is suitable in vitro tool for identification of NMDAR antagonists and if it is
comparable with other generally used primary rat neuronal models differing in the cell type (pure
cortical vs. mixed cortical and hippocampal) and developmental stage (embryonal vs. postnatal).
The neuron/astrocyte ratio of each culture was first evaluated by flow cytometry and confocal
microscopy using neuronal nuclei (NeuN) protein and DAPI immunocytochemistry staining. The
cultures were further characterized by gene expression analysis of NMDAR subunits
NR2B/NR2A, glutamate transporter GLT1 and glutamate-aspartate transporter GLAST by
gPCR. Selected endogenous and synthetic neurosteroids that have been previously identified as
antagonists of recombinant GIuN1/GIuN2B NMDA receptors by patch clamp technique were
then assessed for the ability (1) to decrease the excitotoxic effect induced by glutamate or N-
methyl-D-aspartate (NMDA) over 24 hours by measuring cell viability, and (2) to inhibit an
acute NMDA or glutamate-induced Ca?* influx using fluorometric probe Fura-2. Postnatal mixed
cortical and hippocampal culture showed to be a reliable, easy-to-cultivate and robust tool for
NMDAR antagonist screening. Embryonal (E18) cells, that are usually considered as “gold
standard” among primary neuronal cultures, offered higher cell yields, but they evinced
increased sensitivity to compounds’ cytotoxicity.
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Abstract: Prefrontal cortex (PFC) is a site of information convergence important for behaviors
relevant to psychiatric disorders. Despite the importance of inhibitory GABAergic parvalbumin-
expressing (PV+) interneurons to PFC circuit function and decades of interest in N-methyl-D-
aspartate receptors (NMDARS) in these neurons, examples of defined circuit functions that
depend on PV+ interneuron NMDARS have been elusive. Indeed, it is still controversial whether
adult PFC PV+ interneurons contain functional NMDARs at all, which has major consequences
for hypotheses of the pathogenesis of psychiatric disorders. Using a combination of fluorescent
in situ hybridization, pathway-specific optogenetics, cell-type-specific gene ablation, and
electrophysiological recordings from PV+ interneurons, here we resolve this controversy. We
found that nearly 100% of PV+ interneurons in adult medial PFC (mPFC) express transcripts
encoding GIluN1 and GIuN2B, and they have functional NMDARs. By optogenetically
stimulating corticocortical and thalamocortical inputs to mPFC, we show that synaptic NMDAR
contribution to PV+ interneuron EPSCs is pathway-specific, which likely explains earlier reports
of PV+ interneurons without synaptic NMDAR currents. Lastly, we found a major contribution
of NMDARs in PV+ interneurons to thalamus-mediated feedforward inhibition in adult mPFC
circuits, suggesting molecular and circuit-based mechanisms for cognitive impairment under
conditions of reduced NMDAR function. These findings represent an important conceptual
advance that have major implications for hypotheses of the pathogenesis of psychiatric disorders.
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Abstract: M1 muscarinic receptors play important roles in mediating the effects of acetylcholine
in multiple brain regions including the cerebral cortex, hippocampus and neostriatum. Allosteric
modulators of M1 muscarinic receptors are of particular interest due to their ability to shape
acetylcholine signaling in precise spatiotemporal patterns. Moreover, compounds that enhance
the efficacy of acetylcholine could help restore function in signaling pathways that are damaged
due to disease processes. Several compounds have been identified that enhance the potency of
acetylcholine at M1 muscarinic receptors, yet relatively few compounds increase acetylcholine
efficacy. A library of structurally-related, drug-like potential allosteric modulators was
synthesized and evaluated for the ability to modulate acetylcholine efficacy and/or potency — as
well as levels of intrinsic allosteric agonist activity (allosteric modulators of M1 muscarinic
receptors with high levels of intrinsic activity are associated with adverse cholinergic effects).
Each compound was characterized by proton and carbon NMR, HPLC-UV, high resolution mass
spectral analysis and/or elemental analysis. Pharmacological activity was evaluated by
measuring [*H]-arachidonic acid release in CHO cells expressing human M; muscarinic
receptors in the absence or presence of 10 uM allosteric modulator and in the presence or
absence of acetylcholine (0.1 uM or 100 uM). Several compounds were identified that enhanced
responses produced by 100 uM acetylcholine greater than 25%, including: CW-6-65, CW-6-77,
CW-7-22, CW-7-34, HS-1-40, and GK-1-15. A few analogs, including CW-6-45, CW-6-56, and
CW-7-29, did not enhance the activity of 100 uM acetylcholine, yet reduced 0.1 uM
acetylcholine activity more than two-fold. All compounds demonstrated relatively low levels of
intrinsic allosteric activity (less than 25% of the maximal acetylcholine response). Together,
these data delineate important structure activity relationships for modulating acetylcholine
responses at muscarinic receptors and identify compounds that may enhance acetylcholine
efficacy.
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Abstract: M1 muscarinic receptors are G protein-coupled receptors that mediate the effects of
acetylcholine in multiple brain regions. The development of compounds that can enhance My
muscarinic receptor activity could be useful in the treatment of neurological disorders associated
with impaired cholinergic signaling. In contrast to directly acting muscarinic agonists,
compounds that interact with allosteric binding sites may preserve the spatiotemporal patterning
of muscarinic receptor activity that is stimulated by the physiological release of acetylcholine.
Allosteric modulators can exert multiple effects, including modulation of potency (binding
cooperativity), efficacy (activation cooperativity) and intrinsic activity (allosteric agonist
activity).

Preliminary studies identified several compounds that modulated the effects of 0.1 or 100 uM
acetylcholine when tested at 10 uM in a [*H]-arachidonic acid release assay from CHO cells
expressing human M1 muscarinic receptors. Full acetylcholine dose-response curves were
generated for active compounds to determine effects on acetylcholine potency and/or efficacy.
Several compounds, including CW-6-65, CW-6-77, CW-7-22, CW-7-34, HS-1-40, and GK-1-15,
enhanced the maximal response to acetylcholine with minimal effects on acetylcholine potency
and limited intrinsic activity. These compounds exhibited properties consistent with positive
allosteric modulation of acetylcholine efficacy. In contrast, CW-6-45, CW-6-56, and CW-7-29
shifted acetylcholine dose-response curves to the right without appreciably changing the
maximal response produced by acetylcholine or elevating baseline activity. These compounds
behaved as negative allosteric modulators of acetylcholine potency.

Three compounds (CW-6-56, CW-6-65 and CW-6-77) were evaluated further over a wide range
of concentrations to assess the parameters Kg, taus, alpha, and beta by fitting the data to the
allosteric operational model. Both CW-6-65 and CW-6-77 displayed a high degree of positive
activation cooperativity with beta values of 3.26 and 3.89, respectively and high affinity with
logKsg values of -6.26 and -5.53 respectively. In contrast, CW-6-56 displayed a high degree of
negative binding cooperativity with an alpha value of 0.180 and a logKg of -6.20. Compounds
such as CW-6-65 and CW-6-77 could be useful as starting points for the development of
selective allosteric modulators of acetylcholine efficacy.
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Abstract: Repetitive behaviors are associated with several neurological disorders, including
autism spectrum disorders, obsessive-compulsive disorder and Tourette syndrome. A high-
throughput behavioral screen was developed to monitor repetitive behaviors in wild-type (AB)
zebrafish and identify compounds that decrease levels of repetitive behaviors. Experiments were
conducted using 5 days post fertilization (dpf), wild-type zebrafish larvae. First, a maximum
tolerated concentration (MTC) assay was performed to identify the maximum concentration of
each compound not causing general toxicity or morphological abnormalities. Then, 5-dpf
zebrafish were exposed to a range of concentrations of compounds in a behavioral assay in
alternating light and dark periods for a total of 90 minutes. Video tracking software (Noldus
DanioVision) was used to measure locomotor activity and other parameters including angular
velocity and variance of turn angle - measures of repetitive behaviors. Preliminary studies
examined the effects of BQCA, a positive allosteric modulator (PAM) of M1 muscarinic
receptors. At doses of 3 and 10 uM, BQCA significantly decreased locomotor activity
(swimming); angular velocity was significantly increased at 3 and 10 M, while variance of turn
angle was increased at 1, 3 and 10 uM. The MTC was 10 uM for BQCA.. Several novel allosteric
modulators of acetylcholine efficacy, including CW-6-65, CW-6-77, and CW-7-22 also
significantly decreased swimming and increased angular velocity and variance of turn angle. The
MTC was 30 puM for CW-6-65 and CW-6-77, and 100 uM for CW-7-22. Two compounds (CW-
6-65 and CW-6-77) were evaluated further over a wide range of concentrations to identify an
ECso value and establish the minimum effective concentration (MEC) for decreasing repetitive
behaviors. The ECsg values were 2.6 pM and 1.1 uM for CW-6-65 and CW-6-77, respectively,
in good agreement with their affinity for allosteric binding sites at human M1 muscarinic
receptors. The MEC was 0.3 uM for both CW-6-65 and CW-6-77 indicating a therapeutic index
of 100 for both compounds. Further studies are needed to evaluate the activity of these
compounds at zebrafish muscarinic receptors.
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Abstract: Acetylcholine is a crucial neuromodulator for memory formation and recall. It acts on
a family of ionotropic and metabotropic receptors with distinct expression loci over multiple
timescales and has diverse downstream targets and outcomes. We construct a biophysical model
of Schaffer-collateral (SC) synapses to study the effect of metabotropic acetylcholine receptors
on synaptic transmission and plasticity. Hippocampal pyramidal neurons primarily express M1
and M4 receptors. M1 receptor expression is concentrated in the post-synaptic regions on the
soma and dendrites. These are Gg/11 coupled protein receptors that are known to broadly
enhance neuronal excitability by suppressing small hyperpolarizing calcium-activated potassium
(SK) and KCNQ2/3 channels. The M4 receptors, on the other hand, are most densely populated
in the pre-synaptic regions. They are G(i/0) coupled receptors and have been shown to suppress
neurotransmitter release via their action on pre-synaptic voltage-gated calcium channels. These
counteracting pre-post effects of acetylcholine seem puzzling and inefficient at first glance.
Adding to the complexity of the modulatory activity of acetylcholine, neuronal firing and the
consequent neurotransmitter release are noisy. We show that the suppression of vesicle release
rate via M4 receptors enables the limited vesicle resource to sustain release for a longer time.
The prolonged-release of vesicles creates a stronger correlation between the amount of
neurotransmitter released and the pre-synaptic firing rate. Additionally, the activation of M1
receptors amplifies the weaker neurotransmitter signal to generate a stronger correlation of the
post-synaptic response with pre-synaptic activity. In the hippocampus, theta-band activity
coincides with elevated levels of acetylcholine. We investigate the action of cholinergic
receptors on SC synapses during theta-entrained activity in CA3 neurons. Interestingly we see
that the encoding mediated by acetylcholine is optimally tuned to respond to theta-rhythmic
firing activity in CA3 neurons. The modulatory actions of acetylcholine on synaptic transmission
filter out noise to support efficient transmission and encoding of information. Our model
elucidates the subtle interplay between the M1 and M4 receptors and their role in orchestrating
synaptic function.
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Abstract: Cognitive impairments and psychotic symptoms observed in schizophrenia and
Alzheimer’s disease (AD) result in debilitating disruptions to the activities of daily living in the
patients as well as their caregivers. Unfortunately, currently available treatment options like
typical and atypical antipsychotics are constrained by modest efficacy, partial responsiveness,
treatment resistance, and dose-limiting motor incoordination and extrapyramidal side effects.
Selective activation of muscarinic M4 receptor may provide an alternative approach for the
treatment of psychotic symptoms and cognitive impairments in patients with schizophrenia, and
also for the behavioral disturbances observed in AD. SUVN-L1305022 is a novel, and potent
positive allosteric modulator (PAM) acting at muscarinic receptor M4 subtype. SUVN-
L1305022 was evaluated for its pharmacokinetics and brain penetration properties in rats. It was
tested in behavioral efficacy models to assess its potential in alleviating psychotic symptoms.
SUVN-L1305022 was also evaluated in neurochemistry studies to evaluate its effects on
dopaminergic neurotransmission in the prefrontal cortex and striatum. When tested in rodents,
SUVN-L1305022 showed excellent oral pharmacokinetics and brain penetration. In
neurochemistry studies, SUVN-L1305022 negatively regulated dopaminergic tone in striatum
and positively regulated dopaminergic tone in cortex suggesting its possible role in addressing
both positive and negative symptoms of schizophrenia. In summary, results from the current
preclinical studies support the development of SUVN-L1305022 for the potential treatment of
both positive and negative symptoms associated with neurological disorders like schizophrenia,
and AD.

Disclosures: J. Thentu: A. Employment/Salary (full or part-time):; Suven Life Sciences Ltd.
V. Benade: A. Employment/Salary (full or part-time):; Suven Life Sciences Ltd. K. Bojja: A.
Employment/Salary (full or part-time):; Suven Life Sciences Ltd. M. Rasheed: A.
Employment/Salary (full or part-time):; Suven Life Sciences Ltd. A. Shinde: A.
Employment/Salary (full or part-time):; Suven Life Sciences Ltd. N. Ganuga: A.
Employment/Salary (full or part-time):; Suven Life Sciences Ltd. R. Medapati: A.
Employment/Salary (full or part-time):; Suven Life Sciences Ltd. M. Srirangavaram: A.
Employment/Salary (full or part-time):; Suven Life Sciences Ltd. R. Kallepalli: A.
Employment/Salary (full or part-time):; Suven Life Sciences Ltd. R. Subramanian: A.
Employment/Salary (full or part-time):; Suven Life Sciences Ltd. R. Nirogi: A.
Employment/Salary (full or part-time):; Suven Life Sciences Ltd.

Poster
522. Muscarinic, Serotonergic, and Metabotropic Glutamate Receptors

Location: SDCC Halls B-H



Time: Tuesday, November 15, 2022, 1:00 PM - 5:00 PM
Program #/Poster #: 522.06
Topic: B.02. Transmitter Receptors and Ligand-Gated lon Channels

Support: Authors are full time employees of Janssen Research & Development, LLC. The
research was funded by the company.

Title: Characterization of Selective M5 Acetylcholine Muscarinic Receptor Modulators on
Dopamine Signaling in the Mouse Striatum

Authors: *V. ZELL, S. NEEDHAM, S. MUKHERJEE, N. ROSCOE, G. WOODRUFF, M.
MARELLA, P. BONAVENTURE, W. DREVETS, B. BALANA,
Janssen R&D, San Diego, CA

Abstract: The type-5 muscarinic acetylcholine receptor (M5) is almost exclusively expressed in
midbrain dopamine neurons of the ventral tegmental area (VTA) and substantia nigra pars
compacta (SNc), and thus is of particular interest for precise modulation of dopamine signaling
that is central to multiple neuropsychiatric diseases. For instance, decreasing abnormally high
dopamine transmission in the striatum has been a core approach in treating psychotic and manic
symptoms of schizophrenia and bipolar disorders. In this study we characterize the expression of
M5 in different cell types of the VTA and SNc, namely dopamine, glutamate and GABA
neurons. We found that M5 was predominantly expressed in dopamine neurons. We used ex vivo
fast-scan cyclic voltammetry (FSCV) in brain slices from wild-type and M5 knockout mice to
evaluate the capacity of M5-selective allosteric modulators to modulate dopamine release in the
striatum. ML375 (selective M5 negative allosteric modulator; 10 uM) significantly decreased
electrically evoked dopamine release, whereas VU 0365114 (selective M5 positive allosteric
modulator; 10 uM) significantly increased dopamine release. In the presence of the acetylcholine
nicotinic receptor blocker dihydro-B-erythroidine (DHBE, 1 uM), pre-incubation of the slice with
ML375 completely abolished the increase in dopamine release induced by Oxotremorine-M
(Ox0-M; 10 pM), a non-selective acetylcholine muscarinic receptor agonist. Pre-incubation of
the slice with VU 0365114 augmented and prolonged the increase in dopamine release induced
by Oxo-M. Recordings in M5 knockout mice showed that Oxo-M did not significantly increase
dopamine release in the dorsal striatum, confirming the selectivity of action of both compounds.
In vivo, we observed that pharmacological (ML375, 50 mg/kg po) and genetic blockade of M5
(M5 knockout) increased locomotor response to amphetamine (1 mg/kg ip). In contrast to data
reported in the literature (Gunter et al., 2018) ML375 did not decrease cocaine self-
administration in rats using either fixed ratio or progressive ratio paradigms, and at various doses
of cocaine and / or ML375. In conclusion, our comprehensive mapping study of M5 expression
in multiple cell types of the midbrain, supports a functional pharmacological response mediated
by M5 activation ex vivo where we highlighted the important role of M5 in bidirectionally
shaping dopamine signaling but our negative in vivo data in the cocaine self-administration study
illustrates the complexity of M5 modulation.
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Abstract: The activation of the 5SHT1A receptor, a GPCR coupled to Gi protein, results in a
decrease in the firing rate of serotonergic neurons. This effect makes 5SHT1A receptors an
attractive target for the treatment of neuropsychiatric diseases related to the dysregulation of
brain serotonin concentrations. Studies on three-dimensional descrip