
ABSTRACTS COLLECTION

ACNP 59th Annual Meeting: Poster Session II
Neuropsychopharmacology (2020) 45:170–277; https://doi.org/10.1038/s41386-020-00891-6

Sponsorship Statement: Publication of this supplement is sponsored by the ACNP.

Presenting author disclosures may be found within the abstracts. Asterisks in the author lists indicate presenter of the abstract at the
annual meeting.

T1. Structural Covariance Network Stability Over Time After
Trauma Exposure: Preliminary Assessment of Longitudinal
Multimodal MRI Data From the Aurora Study

Nathaniel Harnett*, Timothy Ely, Sanne van Rooij, Katherine
Finegold, Lauren LeBois, Vishnu Murty, Tanja Jovanovic, Kerry
Ressler, Jennifer Stevens

Harvard Medical School/McLean Hospital, Belmont, Massachusetts,
United States

Background: The structure of human neural circuits is critical for
neurocognitive processes that maintain healthy emotional func-
tion. Prior human and animal model research suggests that
trauma/stress exposure can trigger maladaptive processes that
may lead to brain structure changes that contribute to posttrau-
matic dysfunction. However, limited work to date has investigated
how changes in brain structure over time relate to changes in
posttraumatic symptoms. Further, prior research has largely used
unimodal approaches which do not take into account shared
variability between brain measures (i.e., noting that brain gray
and white matter likely covary). Therefore, the present study
utilized longitudinal multimodal magnetic resonance imaging
(MRI) to investigate potential changes in structural covariance
networks.
Methods: Participants were recruited from emergency depart-

ments following trauma exposure (primarily motor vehicle
collisions) as part of the AURORA Study, a multisite longitudinal
investigation of posttraumatic syndromes. In the current analysis,
an initial dataset of 363 participants completed MRI scans within
a) ~2-weeks, b) ~6-months, or c) both ~2-weeks and ~6-months
post-trauma. Following quality control and removal of participants
missing scan modalities, n = 248 participants were included in a
multimodal data fusion analysis with n = 54 scanned at both
timepoints. Structural MRI processing through a combination of
FMRIPPREP and FSLVBM was completed to obtain measures of
gray-matter volume (GMV), cortical thickness (CT), and pial surface
area (PSA) to index gray matter properties. Diffusion tensor
imaging was completed to obtain measures of fractional
anisotropy (FA), mean diffusivity (MD), and mode of the diffusion
tensor (MO) of the white matter skeleton. Data fusion was
completed using linked independent components analysis (LICA)
of the above brain structure features. A high dimensionality was
estimated (d = 119) to better separate participant-specific noise
from signal data. LICA returns a participant-specific value for the
loading of each component, with each component representing
shared variance across the feature modalities. For the 54
participants with longitudinal data, intraclass correlation coeffi-
cients (ICC) were obtained to evaluate the stability of the observed
components. Preliminary analyses also assessed the relationship

between unidimensional posttraumatic syndromes (e.g., PTSD,
depression, and anxiety) and component loadings. Analyses of the
relationships between changes in component loadings and
changes in unidimensional outcome data are planned pending
the release of 6-month psychometric data.
Results: ICCs across the components were generally high with

59 of the components demonstrating ICCs of 0.99, but another 44
components showed relatively low ICCs (<0.5). The most reliable
component (ICC = 0.999, p < 0.001) was a multimodal component
of predominantly GMV (26%), PSA (21%), MO (18%) and FA (16%)
and was reflective of increased gray matter of the insula,
dorsolateral prefrontal cortex (PFC), and ventromedial PFC, and
altered white matter of the cingulum, uncinate fasciculus, and
inferior longitudinal fasciculus. Interestingly, LICA also separated
“noise” from “signal” components, with some of the noise
components demonstrating high ICC values (0.95–0.99, p <
0.001). These high ICC components reflected participant-specific
idiosyncrasies (e.g., distinct patterns of spatial variability) across
the modalities. Independent samples t-tests of high and low
posttraumatic stress severity at 2-weeks post-trauma also revealed
differences in two components, with one representing greater
GMV (39%) and PSA (53%) of the temporal gyrus and posterior
hippocampus [t(45) = 2.18, p = 0.04; ICC = 0.01, p = 0.455] and
the other representing greater GMV (49%) and PSA (17%) of the
anterior temporal lobe and visual cortex [t(45) = 2.43, p = 0.02,
ICC = −0.22, p = 0.949]. High posttraumatic stress severity was
associated with lower loadings for both components and the low
ICCs suggest these components are highly variable between
timepoints, potentially reflecting changes with the process of
recovery (to be tested with the release of 6 month data).
Conclusions: Multimodal structural covariance networks

assessed in recently traumatized individuals are generally stable
between 2-weeks and 6-months following trauma exposure.
Participant-specific variance related to time was also identified
through LICA and demonstrated high stability. These results
suggest participant-specific variance can be readily separated
from group-level SCNs that may be related to later posttraumatic
outcomes. Preliminary analyses also revealed two SCNs that varied
with acute posttraumatic stress symptoms and these networks
reflected variability in gray matter properties within regions of the
ventral visual stream. Interestingly, our prior work showed an
inverse relationship to the one observed here such that greater
gray matter properties of the ventral visual stream were
associated with greater posttraumatic stress symptoms. These
findings may be related to differences in when MRI data was
assessed given the low stability of loadings from these
components over time. Longitudinal assessment of multimodal
structural covariance networks may provide important informa-
tion on structural changes relevant to assessing susceptibility to
posttraumatic stress and identifying brain changes associated with
changes in symptoms over time.
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Keywords: Multimodal Neuroimaging, Trauma Exposure, MRI,
DTI, Data Fusion
Disclosure: Nothing to disclose.

T2. Elemental and Configural Threat Learning Bias Extinction
Generalization

Elizabeth Goldfarb*, Tahj Blow, Joseph Dunsmoor, Elizabeth
Phelps

Yale Medical School, New Haven, Connecticut, United States

Background: Aversive experiences are complex, containing many
cues that can be remembered in different ways. How these events
are remembered may have important consequences for later
threat and safety responses. For example, different cues can be
individually associated with an aversive outcome (elemental) or
integrated into a holistic context (configural). A bias toward
elemental rather than configural representations has been
proposed as an etiology for posttraumatic stress disorder (PTSD).
However, it remains unclear how these different representations
influence later extinction of these threat memories. As extinction
is a crucial feature of exposure therapy for PTSD and other anxiety
disorders, understanding how different forms of threat learning
modulate extinction has significant clinical implications.
Research in rodents has shown that configural threat learning

(e.g., tone + light = shock) facilitated extinction generalization –
that is, learning the tone was safe (extinction) diminished
responses to the light. However, elemental threat learning (tone =
shock and light = shock) did not enable extinction generalization
(e.g., Durlach & Rescorla 1980; Debiec et al. 2013). Findings
regarding whether tone extinction generalized to the full tone +
light compound are mixed (Jones et al. 2013; Troisi et al. 2013).
Here we assessed whether the type of representation formed for a
multi-cue aversive event (configural vs. elemental) would mod-
ulate how broadly human participants generalize extinction of
component cues.
Methods: Participants (N = 96, 58.3% female) completed a

three-day threat conditioning experiment designed to facilitate
translation of prior work in rodents. On Day 1, participants learned
to associate a tone and a colored square with the delivery of a
mild electric shock to the wrist (CS+, 73% reinforced). A separate
tone and colored square were never paired with shock (CS−).
Threat responses were quantified using skin conductance
responses (SCR).
For participants randomly assigned to the configural group (N =

48), tones and squares were presented together as a “compound”
to create a configural representation (i.e., CS+[tone + square] =
shock). For participants in the element group (N = 48), tones and
squares were presented separately (i.e., CS+tone = shock and
CS+square = shock). On Day 2, all participants were exposed to
the tones without any shocks (cue extinction). On Day 3,
participants were presented with tones and squares separately.
Following re-extinction of both cues, they were presented with
combined tone + square compounds.
Results: We validated that participants in both groups success-

fully learned threat associations on Day 1 (CS+ > CS−: F1,93 =
122.95, p < 0.001; Group x CS: p > 0.25) and attenuated responses
during extinction on Day 2 (differential response [CS+ - CS−] on
Day 1 vs 2: F1,92 = 78.27, p < 0.001; Group x Day: p > 0.25).
We tested extinction generalization from the extinguished tone to

the non-extinguished square at the beginning of Day 3. Supporting
our hypothesis that elemental vs. configural threat learning would
modulate extinction generalization, we found a significant Group by
Cue interaction (F1,282 = 4.21, p = 0.04). Participants in the
elemental group were significantly more reactive to square (CS+
and CS−) than tone cues (b = 0.08 [0.04], p = 0.022), but the

configural group showed comparable responses (p > 0.25).
Furthermore, responses across days in the elemental group revealed
that tone extinction diminished responses to the tone but not the
square CS+ (Day x Cue: F1,141 = 4.59, p = 0.034). These findings
indicate that extinction generalized between cues following
configural but not elemental threat learning.
Next, we examined whether extinction would generalize from

component cues to the full compound. After extinction of the
tone on Day 2, on Day 3 we extinguished both tone and square
cues. We then tested responses to the tone+square compound in
both groups. Examining all CS+ trials revealed substantial
differences in how threat learning influenced responses to the
cues and the compound (Group x CS+: F2,187 = 8.08, p = 0.0004).
Unlike the elemental group, the configural group responded more
strongly to the compound than either cue (both p < 0.012). The
configural group continued to respond strongly to the compound
CS+ than CS− throughout Day 3 (F1,420 = 41.37, p < 0.001),
showing that compound threat responses were not extinguished.
However, the elemental group did not significantly differentiate
the compound CS+ and CS− (F1,429 = 2.03, p = 0.15; Group x
Compound: F1,849 = 13.43, p = 0.0003). Thus, unlike extinction
generalization between cues, extinction of component cues
generalized to the compound following elemental but not
configural threat learning.
Conclusions: These findings demonstrate that configural and

elemental learning for an aversive event had opposite effects on
the success of later extinction generalization. Whereas learning a
configural association enabled extinction of one component cue
to extend to the other component cue, extinguishing both
component cues separately did not generalize to the full
compound. In contrast, learning elemental associations prevented
generalization between cues, but extinguishing both cues
generalized and attenuated responses to the compound. These
results highlight limits of extinction generalization that raise
important questions for therapeutic interventions targeting
complex aversive experiences.
Keywords: Fear Conditioning and Extinction, Anxiety & PTSD,

Fear Generalization, Learning Theory, Cue-Exposure
Disclosure: Nothing to disclose.

T3. Hippocampal Activation During Contextual Fear Inhibition
Related to Resilience in the Early Aftermath of Trauma

Sanne van Rooij*, Meghna Ravi, Timothy Ely, Vasiliki Micho-
poulos, Sterling Winters, Jaemin Shin, Marie-France Marin,
Mohammed Milad, Barbara Rothbaum, Kerry Ressler, Tanja
Jovanovic, Jennifer Stevens

Emory University School of Medicine, Atlanta, Georgia, United States

Background: Defining early biological markers of posttraumatic
stress disorder (PTSD) versus resilience is of high interest, as this
will allow for the early identification of individuals at risk and
provide more targets for novel interventions. PTSD is associated
with impaired fear inhibition and reduced contextual modulation
of behavior. The hippocampus is central to context processing and
memory, and has been implicated in PTSD both structurally (e.g.,
Logue et al., 2018) and functionally (e.g. Garfinkel et al., 2014). Our
previous work has demonstrated that more hippocampal activa-
tion during a response inhibition task after trauma exposure was
related to greater resilience (van Rooij et al., 2016) and fewer
future PTSD symptoms (van Rooij et al., 2018). In the current study,
we sought to extend our previous findings by employing a fear
conditioning and contextual extinction paradigm to further
determine the role of the hippocampus in resilience and PTSD
in the early aftermath of trauma.
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Methods: Participants (N = 28) were recruited in the
Emergency Department shortly after experiencing a Criterion A
traumatic event. Two months later they were invited for an MRI
scan. At the time of scan, the Connor-Davidson Resilience Scale
(CD-RISC) was used to assess resilience. PTSD symptoms were
measured with the PTSD symptom scale (PSS) three months post-
trauma. A contextual fear conditioning and extinction task was
conducted in a 3T MRI scanner. For each participant, two contrasts
of interest were created: (1) fear conditioning [CS+ trials > CS−
trials] and (2) contextual fear extinction [CS+ old context > CS+
new context]. The primary region of interest (ROI) for the analyses
was the bilateral hippocampus, and the bilateral amygdala,
ventromedial prefrontal cortex (vmPFC) and dorsal anterior
cingulate cortex (dACC) were used as secondary ROIs. Two types
of ROI analyses were performed for both the fear conditioning and
the contextual fear extinction contrasts: (1) correlation analyses
with resilience score (CD-RISC total score) at time of scan, (2)
group differences between trauma survivors with and without
PTSD at three months, assessed using univariate analyses of
variance. Secondary whole brain analyses for these contrasts
using a cluster-defining threshold of p < 0.001 and p < 0.05 FWE-
corrected critical cluster size of 45 (determined using the
CorrClusTh.m script) were conducted.
Results: During fear conditioning, activation of the hippocam-

pal ROI correlated positively with post-trauma resilience, r = 0.48,
p = 0.01. This correlation remained significant after correcting for
gender, age and baseline PTSD symptoms, r = 0.53, p = 0.01.
During contextual fear extinction, individuals who met diagnostic
criteria for PTSD three months post-trauma showed less hippo-
campal activation than those who did not, in both ROI (t24 = 2.21,
p = 0.04) and whole brain (p < 0.05, FWE-corrected) analyses.
Including age, gender and baseline PTSD symptoms as covariates
again resulted in a significant model, F(4,19) = 4.02, p = 0.02, with
hippocampal activation during fear extinction being the
most significant factor related to PTSD status at three months,
F(1,23) = 8.40, p = 0.009. Exploratory correlation analyses for PTSD
symptom severity at three months also showed a significant
negative correlation between hippocampal activation during
contextual fear extinction and PTSD symptom score at three
months correcting for age, gender and baseline PTSD symptoms,
r = −0.50, p = 0.03.
Conclusions: Greater bilateral hippocampal activation during

fear conditioning and contextual extinction was related to post-
trauma resilience and the absence of a PTSD diagnosis three
months post-trauma, respectively. The current study supports and
strengthens prior findings suggesting the importance of
hippocampus-dependent context processing as a mechanism for
post-trauma resilience versus PTSD risk, which could be a potential
mechanistic target for novel early interventions. The current study
adds to a growing body of literature on defining biomarkers for
PTSD risk versus resilience, which will be essential for the
identification of individuals at risk for psychopathology after
trauma exposure and to provide early interventions.
Keywords: PTSD, fMRI, Hippocampus, Fear Conditioning and

Extinction, Contextual Cue
Disclosure: Nothing to disclose.

T4. Effect of Levonorgestrel on Threat Extinction

Abstract not included.

T5. PTSD Psychotherapy Adaptively Attenuates Amygdala and
Insula Resting State Connectivity With Frontoparietal Cortical
Nodes

Gregory Fonzo*, Madeleine Goodkind, Desmond Oathes, Yev-
geniya Zaiko, Meredith Harvey, Kathy Peng, Elizabeth Weiss,

Allison Thompson, Sanno Zack, Steven Lindley, Bruce Arnow,
Booil Jo, Barbara Rothbaum, Amit Etkin

The University of Texas At Austin, Austin, Texas, United States

Background: Exposure-based psychotherapy is a first-line, effica-
cious treatment for posttraumatic stress disorder (PTSD), but its
mechanisms of action are poorly understood. Identifying the
neurobiological mechanisms of action of existing efficacious
treatments can facilitate the localization of brain-based treatment
targets that can be exploited with novel treatment approaches.
Resting state functional brain connectivity is a promising metric
for identifying treatment mechanisms and bio-signatures of
treatment response, as it is easy to acquire and is a widely
researched brain metric. The amygdala and insula are limbic brain
structures that share numerous structural connections, tend to co-
activate during similar behavioral processes, and consistently
display abnormal function in individuals with PTSD. As such, they
are core structural components of neurocircuitry models of PTSD
pathophysiology and are believed to underlie exaggerated
emotional and threat reactivity. Prior investigations have observed
abnormal resting state functional connectivity of the amygdala
and insula in PTSD. The purpose of this investigation was to assess
amygdala and insula connectivity changes following exposure-
based psychotherapy for PTSD and the relationship of such
changes to treatment-related PTSD symptom improvements. The
long-term goal is to identify a potential therapeutic neurobiolo-
gical mechanism for PTSD psychotherapy to further our under-
standing of how such effective treatments work to promote
symptom resolution.
Methods: Individuals (N = 66) with a primary PTSD diagnosis

participated in a randomized clinical trial of prolonged exposure
therapy (N = 36) vs. a treatment waiting list (N = 30). Resting state
functional magnetic resonance imaging (rsfMRI) was completed
prior to randomization and 1 month following cessation of
treatment/waiting list. Whole-brain blood oxygenation level-
dependent (BOLD) responses were acquired. Intrinsic connectivity
was assessed, by subregion, in the amygdala and insula, key limbic
structures involved in the disorder pathophysiology. Uniform
treatment-related changes in amygdala and insula connectivity
were identified in a whole-brain conjunction analysis and
examined in relation to PTSD symptom change magnitudes.
Dynamic causal modeling (DCM) assessed effective connectivity
changes amongst areas displaying adaptive, uniform changes in
intrinsic connectivity that scaled with PTSD symptom reductions.
Results: The amygdala and insula displayed widespread

patterns of primarily subregion-uniform intrinsic connectivity
change, including increased connectivity between amygdala and
insula; increased connectivity of both regions with the ventral
prefrontal cortex, frontopolar, and sensory cortices; and decreased
connectivity of both regions with left fronto-parietal nodes of the
executive control network. Larger amygdala-frontal connectivity
decreases and insula-parietal connectivity decreases were asso-
ciated with larger PTSD symptom reductions. DCM revealed a
treatment-related decrease in the inhibitory effect of this left
frontal region on the left amygdala. Larger decreases in left frontal
inhibition of the amygdala were also associated with larger PTSD
symptom reductions.
Conclusions: PTSD psychotherapy promotes an adaptive

functional segregation of top-down and bottom-up brain circuitry,
which may reflect a potential therapeutic mechanism and bio-
signature of symptom resolution. More specifically, we speculate a
reduction in prefrontal inhibition of the amygdala may reflect an
adaptive decrease in the need to exert top-down control in a task-
free state. These findings provide mechanistic targets that may be
utilized as intermediate biological markers to track treatment
efficacy and to design novel intervention approaches.
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Keywords: PTSD, Psychotherapy, Resting-state fMRI, Rando-
mized Clinical Trial, fMRI Effective Connectivity
Disclosure: Alto Neuroscience: Stock/Equity (Self).

T6. Training Stimulus-Driven Attention to Treat Pediatric
Anxiety Disorders

Andrew Drysdale*, Jennifer Harper, Megan Manhart, Michael
Myers, Zoey Deutch, Qiongru Yu, Michael Perino, Daniel Pine,
Chad Sylvester

Washington University in St. Louis, St. Louis, Missouri, United States

Background: Anxiety disorders in adult and pediatric populations
have been associated with alterations in attention. While a wealth
of research has specifically identified threat or fear-related
attention biases in anxiety, a growing literature also finds greater
stimulus-driven attention, even with emotionally neutral stimuli.
The ventral attention network (VAN) may mediate this involuntary
capture of attention. Furthermore, pediatric neuroimaging studies
have shown altered VAN connectivity at rest in children at high
risk for mood and anxiety disorders and increased neural
responses to unexpected stimuli in infants of mothers with
anxiety disorders. This convergent evidence implicates stimulus-
driven attention and VAN activity as potential targets for
therapeutic intervention in anxiety disorders. Here, we measured
stimulus-driven, goal-directed, and threat-related attention before
and after repeated attention training. We utilized a sham-
controlled paradigm aimed at reducing the influence of irrelevant
stimuli. We tested whether this training program could reduce
symptoms in children with anxiety disorders by reducing the
magnitude of stimulus-driven attention to salient stimuli. We
further used baseline and post-training neuroimaging to test
whether changes in related neural networks relate to behavioral
and symptom changes.
Methods: These data were obtained as part of a double-blind,

sham-training controlled, small (n = 18, 12 female; ages 8-12)
clinical trial (registered at Clinicaltrials.gov, ID# NCT03790696).
Participants met criteria for generalized anxiety disorder, separa-
tion anxiety disorder and/or social anxiety disorder as assessed by
a semi-structured clinical interview. Participants were allowed to
continue SSRI medications while engaged in the study. Anxiety
was measured pre-training and at each subsequent session by
validated measures (SCARED and PARS) with primary outcome
focusing on SCARED parent report. At baseline and post-training
sessions, participants performed tasks measuring various aspects
of attention, including a dot-probe task (threat bias), box task
(stimulus-driven attention), and arrow task (goal-directed atten-
tion). Attention training consisted of eight (8) total forty-five (45)
minute sessions conducted at twice weekly frequency, aimed at
reducing the impact of irrelevant stimuli on attention. In the
training task, participants receive a cue about what side of the
screen an eventual target will appear on, eventually pressing a
button when the target appears. In the active training condition,
one to three (1-3) irrelevant boxes appear on the screen while
participants wait for the target. In the sham condition, no such
irrelevant boxes appear but the task is otherwise unchanged.
Participants were randomly assigned to active or sham training.
Pre- and post-training fMRI scans recorded neural responses while
completing a task that measured stimulus-driven and threat-
related attention in a block design.
Results: Across all treatment groups, participants showed

significant decreases in anxiety from baseline (t(paired) = 8.632,
df = 17, p < 1.3e-07). Changes in anxiety were significantly
correlated with improved reaction times in a directed attention
task (r = 0.60, df = 10, p < 0.038). There were also significant
changes from baseline to post-training sessions in stimulus-driven

attention (t = 3.90, df = 15, p < 0.0015). In a post-hoc analysis, a
composite measure of short-delay stimulus-driven attention and
longer-delay rebound of attention also significantly correlated
with anxiety changes across all subjects (r = 0.51, df = 14, p <
0.044). In a preliminary analysis comparing pre- and post-training
task-based fMRI, greater reductions in anxiety with training
were associated with a greater magnitude of activity change
within the dorsolateral prefrontal cortex, ventromedial
prefrontal cortex, subgenual anterior cingulate, and insula
(uncorrected p < 0.05).
Conclusions: In a small, preliminary trial, a novel cognitive

training regimen was designed to reduce the magnitude of
stimulus-driven attention symptoms in pediatric anxiety disorders.
We observed decreased anxiety across all participants in both
training conditions. The magnitude of change in anxiety
was linked to the magnitude of change in reaction time
measures during goal-directed attention tasks. Alongside these
behavioral changes, the degree of change in anxiety related to
altered signaling in key regions of the ventral attention,
dorsal attention, and cingulo-opercular networks. These results
support the relevance of multiple aspects of attention to anxiety
disorders, potentially both as markers of dysfunction and recovery.
This work provides a foundation for a future larger-scale
clinical study of stimulus-driven and goal-directed attention and
their underlying neural networks in the treatment of pediatric
anxiety.
Keywords: Anxiety Disorders, Cognitive Training, Ventral

Attention Network, Translational Research, Functional MRI (fMRI)
Disclosure: Nothing to disclose.

T7. Imaging Brain Cortisol Regulation in PTSD With a Novel
Neuroimaging Target for 11-Beta Hydroxysteroid
Dehydrogenase Type 1

Shivani Bhatt*, Ansel Hillmer, Nabeel Nabulsi, David Matuskey,
Gustavo Angarita-Africano, Aleksandra Rusowicz, Soheila
Najafzadeh, Michael Kapinos, Steven Southwick, John Krystal,
Richard Carson, Henry Huang, Kelly Cosgrove

Yale University School of Medicine, New Haven, Connecticut, United
States

Background: Numerous studies investigating dysregulation of
neuroendocrine stress systems in post-traumatic stress disorder
(PTSD) have focused on peripheral measures of the stress
hormone, cortisol. These previous examinations assume that the
major source of glucocorticoid signaling in the brain is
peripherally-produced adrenal cortisol that subsequently enters
the brain. However, peripheral cortisol enters the brain at a slow
rate and may only contribute to approximately 5% of the
cortisol in the brain, arguing for a local source of cortisol
production in the brain as an important regulator. We conducted
a first study to assess a putative marker of brain cortisol
regulation in relation to PTSD clinical pathology, with in vivo
imaging of the 11beta-hydroxysteroid dehydrogenase type 1
(11beta-HSD1), an enzyme that generates cortisol in the brain.
Together with [11C]PBR28 imaging of translocator protein (TSPO)
as a microglial marker, this study offers an opportunity to
elucidate the brain glucocorticoid mechanisms underlying the
pathophysiology and diversity of symptom presentations in PTSD,
and to concurrently examine neural stress and neuroimmune
dysregulation in PTSD.
Methods: Sixteen individuals with PTSD (8 female; 37 +/− 10

years) and seventeen healthy, trauma-exposed controls (TC: 8
female; 33 +/− 8 years) underwent positron emission tomography
(PET) imaging with [18F]AS2471907, a radioligand for 11beta-
HSD1. Participants received 93 +/− 14 MBq [18F]AS2471907 as a
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bolus injection and were imaged for 180-240 min on the High-
Resolution Research Tomograph. Prefrontal-limbic 11beta-HSD1
availability was estimated as [18F]AS2471907 volume of distribu-
tion (VT), with nearly all radioactivity uptake representing specific
binding, as demonstrated by previous blocking studies. Multilinear
Analysis (MA1) with an arterial sampling-generated input function
allowed estimation of VT, defined as the equilibrium concentration
of radioactivity in tissue to radioactivity in plasma. In a subgroup
of individuals with PTSD who had also completed [11C]PBR28
scans (n = 10), [18F]AS2471907 VT was examined in relation to
[11C]PBR28 VT in a prefrontal-limbic region. Total PTSD severity
was assessed on the PET scan day by self-report using the PTSD
Checklist (PCL) for the DSM-5. Subscores for threat (re-experien-
cing and hypervigilance items) and loss (anhedonia and numbing
items) were examined as specific symptom dimensions within
PTSD. Group-wise difference in prefrontal-limbic 11beta-HSD1
availability was assessed using univariate ANOVA with PTSD vs. TC
group as a between-subject factor, and ROI as a within-subject
factor for a priori ROIs comprising a prefrontal-limbic circuit—
amygdala, anterior cingulate cortex (ACC), hippocampus, ventro-
medial prefrontal cortex (vmPFC). A general linear modeling
approach was used to compare prefrontal-limbic 11beta-HSD1
availability (a composite average of VT in these a priori ROIs) with
the association with overall PTSD severity, threat and loss
symptoms, 90-min averaged plasma cortisol, and prefrontal-
limbic TSPO availability (adjusting for rs6971-conferred medium-
vs. high-affinity binding status).
Results: 11beta-HSD1 availability in a prefrontal-limbic circuit

was significantly higher (approximately 16%) in the PTSD
compared to TC group (b = 1.16, p = 0.0057). Mean 11beta-
HSD1 availability in the PTSD group was 29% higher in amygdala,
25% in ACC, 9% in hippocampus, and 17% in vmPFC. Lower
prefrontal-limbic 11beta-HSD1 availability was related to greater
overall severity (R2 = 0.27, p = 0.038), and greater threat (R2 =
0.35, p = 0.015) and loss symptoms (R2 = 0.39, p = 0.010), within
the PTSD group. 11beta-HSD1 availability was not correlated to
plasma cortisol levels (p = 0.37). There was a significant positive
association between prefrontal-limbic 11beta-HSD1 and TSPO
availability (R2 = 0.72, p = 0.012), and a significant main effect of
greater 11beta-HSD1 availability being associated with TSPO
availability (b = 4.40, p = 0.039), after adjusting for [11C]PBR28
binding status.
Conclusions: Overall, 11beta-HSD1 availability in a prefrontal-

limbic circuit was higher in the PTSD group. Somewhat contrary to
our hypothesis, however, we observed that higher prefrontal-
limbic 11beta-HSD1 availability was related to lower overall
severity of PTSD symptoms. Additionally, higher 11beta-HSD1
availability was associated specifically with lower threat and loss
symptoms, but not with other specific PTSD symptom dimensions.
Thus, rather than being a driver of worse symptomatology and
brain cortisol dysfunction, the higher 11beta-HSD1 levels
observed in the PTSD group may represent an adaptive
compensation associated with less severe PTSD symptoms.
Importantly, the lack of an association between 11beta-HSD1
and baseline peripheral cortisol levels suggests that 11beta-HSD1
availability may predict symptom dimensions independently of
peripheral cortisol. The positive association of higher 11beta-HSD1
with higher TSPO availability, and each respectively with lower
PTSD severity, raise the possibility that greater traumatic stress-
related brain glucocorticoid signaling may sensitize microglia
allowing for a neuroprotective neuroimmune response that results
in less severe PTSD symptoms. These findings represent the first
steps toward greater understanding of the brain cortisol system in
vivo in PTSD and pave the way for future interrogations of this
system.
Keywords: PTSD, PET Imaging, TSPO and [11C]PBR-28 PET,

Cortisol, HPA Axis
Disclosure: Nothing to disclose.

T8. Psychometric Associations Between Negative Urgency and
Anxiety-Based Avoidance

Sonalee Joshi*, David Clark, James Abelson, Elizabeth Duval

University of Michigan Health System, Ann Arbor, Michigan, United
States

Background: Anxiety disorders are highly prevalent, with global
estimates at approximately 7.3% in adults (Stein et al., 2017), and
impair functioning in multiple domains (Kessler et al., 2005).
Anxious distress leads to behavioral avoidance, which recursively
perpetuates anxiety symptoms and further impairs social, occupa-
tional, and educational functioning (Klumpp et al., 2013). The
current conceptualization of anxious avoidance neglects individual
differences in anxious presentations that might be more consistent
with externalizing symptoms, and more specifically, trait impulsiv-
ity. Trait impulsivity has been commonly linked with externalizing
disorders (Brooks et al., 2017) and considered opposite anxious
avoidance (Barratt, 1965; Moustafa et al., 2017). Recent findings
suggest that co-occurring presentations of high anxiety and high
impulsivity may underlie clinical disorders across internalizing and
externalizing spectrums. However, due to broad conceptualizations
of impulsive behavior, it remains unclear whether anxiety could be
positively associated with global impulsivity or specific facets of
impulsivity. Negative urgency (NU), defined as rash behavior
specifically enabled during negative emotional states (Um et al.,
2019), may provide common ground to examine the overlap
between high anxiety and high impulsivity.
Methods: 250 adults in the United States (Mage = 31.32

SDage = 5.35) were recruited through Amazon Mechanical Turk to
complete self-report questionaires regarding global (Barratt
Impulsiveness Scale-11; BIS-11; Patton, Stanford, & Barratt, 1995)
and dimensional (The Urgency, Premeditation, Perseverance,
Sensation Seeking, and Positive Urgency Impulsive
Behavior Scale; UPPS-P; Whiteside & Lynam, 2001) impulsivity

including trait-level NU. Participants also completed measures of
trait and state level anxiety symptoms (The State Trait Anxiety
Inventory; STAI; Spielberger, Lushene, & Jacobs,1983), and
experiential avoidance (Acceptance and Action Questionnaire –
II; AAQ-II; Hayes et al., 2004). Total raw scores for the BIS-11 and
AAQ-II, and subscale scores of the UPPS-P and STAI were
calculated for analyses. The primary subscale of interest for the
UPPS-P was the NU subscale, and the primary subscale of interest
for the STAI was the trait subscale.
Results: In a preliminary mediation path model the path from

trait anxiety to NU was statistically significant (β = 0.47; 95% CI: 0.47,
0.65), as was the path from NU to experiential avoidance (β = 0.36;
95% CI: 0.12, 0.20). The indirect effect was small to moderate in size,
and statistically significant (indirect effect = 0.17; 95% CI: .05, 0.12).
Conclusions: Preliminary findings suggest that NU may

mediate the relationship between trait anxiety and experiential
avoidance. The unique construct of NU may provide a conduit
between anxiety and impulsivity that will allow for a more
granular study of their neural and behavioral similarities and
distinctions. Future analyses will include global impulsivity and
other dimensional subscales of impulsivity to more specifically
understand the relationships between facets of impulsivity and
anxiety-based avoidance. Future directions will also include the
analysis of these relationships using psychometric and neuroima-
ging data from the Adolescent Brain Cognitive Development
(ABCD) Study to explore shared and distinct aspects of inhibitory
control that may underlie emotional reactivity and motor
inhibition.
Keywords: Anxiety, Impulsivity, Internalizing Disorders
Disclosure: Nothing to disclose.
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T9. Amygdalostriatal Transition Zone Circuits Mediating
Associative Learning and Motivated Behaviors

Fergil Mills*, Chris Lee, James Howe, Shan Shao, Reesha Patel,
Hannah Chen, Mackenzie Lemieux, Alexa Gross, Kay Tye

Salk Institute for Biological Studies, La Jolla, California, United States

Background: The ability to respond appropriately to stimuli that
predict rewards or punishments lies at the core of evolutionary
fitness, and is disrupted in a number of neuropsychiatric disease
states. Despite the overwhelming consensus that the amygdala is
important for mediating associative learning, bilateral loss-of-
function manipulations of the lateral amygdala (LA), basolateral
amygdala (BLA) and central nucleus (CeA) still result in substantial
residual behavioral responses to conditioned stimuli which are
currently unexplained by any existing conceptual framework.
Although relatively unexplored, the amygdalostriatal transition
zone (ASt) is situated to act as a parallel circuit which mediates
associative learning to direct behavior. Like the amygdala, the ASt
receives converging sensory input from the thalamic and cortical
pathways. However, the downstream projections of the ASt are
distinct from the canonical outputs of the amygdala complex, and
are integrated with striatal circuits involved in action selection.
Despite this intriguing circuit connectivity the function of the ASt
is almost completely unknown, resulting in a major gap in our
knowledge of circuits underlying motivated behaviors.
Methods: To investigate the role of the ASt in associative

learning and motivated behaviors, we first examined the
behavioral effects of unilateral activation of the excitatory opsin
ChR2 targeted to the ASt (N = 8 mice ChR2, 10 mice eYFP). We
then quantified the genetic identity of neurons in the ASt, dorsal
striatum (DS) and tail of striatum (TS) using RNAscope labelling
targeted to dopamine receptor 1 (drd1a, ‘D1+’) and dopamine
receptor (drd2, ‘D2+’) (N = 8 mice, 16 sections ASt, 8 mice, 12
sections DS, 8 mice, 12 sections TS). We used in vivo
electrophysiology to examine changes in ASt neuron responses
to conditioned stimuli predicting aversive foot shocks in a
Pavlovian fear conditioning paradigm (N = 5 mice, 22 neurons
paired group, n = 3 mice, 21 neurons unpaired group), as well as
responses to distinct conditioned cues predicting aversive and
rewarding stimuli (N = 6 mice, 49 neurons). ¬To examine neural
activity in D2+ ASt neurons, we used in vivo miniscope imaging to
record changes in GCaMP7f fluorescence in response to cues
predicting aversive and rewarding stimuli (Preliminary data, n =
39 neurons). Finally, to determine if D2+ ASt neuron activity was
necessary for behavioral responses to conditioned stimuli, we
targeted D2+ neurons with the inhibitory opsin NpHR, and
examined the effects of reversibly inhibiting these neurons on
responses to aversive and rewarding stimuli during a two-tone
discrimination task (N = 5 mice NpHR, 6 mice eYFP).
Results: Our data showed that unilateral optogenetic activation

of ChR2-expressing ASt neurons was sufficient to drive robust
freezing behavior (83% increased freezing in ChR2 group vs. −2%
in eYFP controls; p = 0.0015, unpaired t-test) and real-time place
avoidance of areas paired with stimulation (32% reduction of time
in ‘ON’side vs. eYFP controls during last 10 min; p = 0.012
unpaired t-test). We also found that the ASt has a significantly
greater proportion of D2+ ASt neurons than both the dorsal
striatum and tail of striatum (Chi-square test, p = 0.0010 ASt v. DS,
p = 0.0081 ASt v. TS). Our in vivo electrophysiological recording
data demonstrated that following Pavlovian fear conditioning, ASt
neuron responses to a shock-predicting cue were significantly
greater in ‘paired group’ mice compared with ‘unpaired group’
controls where cues and shocks were explicitly unpaired
(Repeated measures ANOVA, Effect of Group p = 0.028).
Additionally, our preliminary calcium imaging data suggest that

D2+ ASt neurons also show increased conditioned cue responses
following fear conditioning. Finally, in loss-of-function experi-
ments we found that optogenetic inhibition of D2+ ASt neurons
caused a striking reduction in conditioned behavioral fear
responses to a shock-predicting cue (51% decrease in freezing,
p = 0.00086, paired t-test).
Conclusions: Our study provides the first demonstration that

ASt neurons are sufficient to drive robust freezing and avoidance
behaviors, and undergo conditioned changes in responsiveness to
cues which predict aversive stimuli. Additionally, we show that the
ASt contains a higher proportion of D2+ neurons than other
regions of the striatum, and that inhibition of these D2+ neurons
results in a significant reduction in fear response (conditioned
freezing) to cues predicting aversive stimuli. Consequently, we
believe that the ASt may be an overlooked and critical structure
that contributes to conditioned behavioral responses to stimuli.
Keywords: Amygdala, Striatum, Associative Learning, Pavlovian

Conditioning, Auditory Fear Conditioning
Disclosure: Nothing to disclose.

T10. The Effect of Early Life Racial Discrimination Experiences
on Adult Maladjustment and Accelerated Aging for African
Americans: Exploring the Moderating Role of Socioeconomic
Advantage and Disadvantage

Sierra Carter*, Mei Ling Ong, Ronald Simons, Frederick Gibbons,
Steven Beach

Georgia State University, Atlanta, Georgia, United States

Background: Researchers have suggested that early life exposure to
psychosocial stressors may influence negative affective states (e.g.,
depression) and other adjustment related factors across the lifespan
(e.g., self-control and self-confidence). These experiences also have
effects on poor physical health through physiological dysregulation
and increased wear and tear on body systems over time. An early
and pervasive stressor related to mental and physical health for
African Americans (AA) is racial discrimination. Although a growing
literature has examined the effects of early life stress related to racial
discrimination on adulthood health, very limited research has
examined how socioeconomic status (SES)/contextual factors could
influence this process. Utilizing a biopsychosocial framework, an
important step in research it to examine the role of SES in the link
between racial discrimination, maladjustment, and accelerated aging.
Methods: This study examined the role of adult maladjustment

(depression, self-control, and self-confidence) in mediating the
relationship between early life experiences of racial discrimination
and accelerated aging in adulthood for AA (i.e., prediction over a
19-year period; from age 10 to 29). This study also examining the
moderating role of SES in the racial discrimination-maladjustment
link. The sample included 368 AA participants from the long-
itudinal Family and Community Health Study.
Results: Our study found a significant indirect effect of racial

discrimination on aging through young adult maladjustment (age
20-29; β = 0.021[0.001, 0.057]), accounting for 32% of the total
variance. We also found that SES significantly moderated the
association between racial discrimination and adult adjustment.
Interestingly, this led to a greater (and significant) indirect effect of
discrimination on aging among those raised in higher SES house-
holds (i.e. those at lower SES risk). Chi-square = 1.327, df = 2, p =
0.5151; CFI = 1.000; RMSEA = 0.000. Gender, education, age, healthy
diet, exercise, sleeping, smoking, and alcohol consumption are
controlled in these analyses.
Conclusions: These findings support research that early life

stress due to racial discrimination lead to negative mental health
outcomes continuing into young adulthood that confer risk for
accelerated aging, and possibly premature disease and mortality
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in AAs. Particularly the results related to SES have implications for
future research and potentially targeted clinical and culturally-
responsive interventions.
Keywords: Racism, Accelerated Aging, African Americans,

Socio-Economic Status
Disclosure: Nothing to disclose.

T11. A Randomized Double-Blind, Placebo-Controlled, Pilot
Trial of Mirtazapine for Anxiety in Children and Adolescents
With Autism Spectrum Disorder

Robyn Thom*, Caitlin Ravichandran, Michelle Palumbo, Laura
Politte, Jennifer Mullett, Christopher Keary, Craig Erickson,
Kimberly Stigler, Lauren Mathieu-Frasier, David Posey, Christo-
pher McDougle

Harvard Medical School, Massachusetts General Hospital, Lexington,
Massachusetts, United States

Background: Comorbid anxiety disorders affect 40–70% of youth
with autism spectrum disorder (ASD). Untreated anxiety in youth
with ASD is associated with increased aggression, poor social
functioning, and more severe symptoms of ASD. Mirtazapine is a
central presynaptic α2-adrenergic antagonist which increases both
serotonin and norepinephrine at the neuronal synapse and is a
post-synaptic 5-HT2A, 5-HT2C, and 5-HT3 serotonin antagonist. It
is used in clinical practice for the treatment of depression and
anxiety in adults. Retrospective and open-label data have
demonstrated that mirtazapine may be effective for treating
anxiety in youth with ASD. Double-blind, placebo-controlled
studies on the pharmacologic treatment of anxiety in youth with
ASD are lacking. The aim of this study was to conduct a pilot trial
of mirtazapine for the treatment of anxiety in youth with ASD.
Methods: This study was a 10-week randomized, double-blind,

placebo-controlled trial. Study participants were youth ages 5 to
17 years with ASD and clinically significant anxiety (Pediatric
Anxiety Rating Scale [PARS] score ≥ 10). All subjects had an
abbreviated IQ ≥ 50 on the Stanford Binet, Fifth Edition.
Participants were diagnosed via clinical interview completed by
a board-certified child and adolescent psychiatrist experienced in
providing clinical care to youth with ASD, based on the Diagnostic
and Statistical Manual of Mental Disorders, Fourth Edition (DSM-IV)
diagnostic criteria, and corroborated by the Autism Diagnostic
Interview-Revised administered by research reliable raters. Sub-
jects with a diagnosis of Rett’s disorder, childhood disintegrative
disorder, obsessive-compulsive disorder, posttraumatic stress
disorder, major mood disorder, psychotic disorder, or substance
use disorder were excluded. The participants were randomized to
mirtazapine or matching placebo in a 2:1 ratio. Participants were
treated for up to 10 weeks with mirtazapine (7.5–45 mg/day) or
placebo. The co-primary outcome measures were the PARS and
the Clinical Global Impressions-Improvement subscale (CGI-I).
Secondary outcome measures included the Screen for Child
Anxiety Related Disorders, Child and Adolescent Symptom
Inventory Anxiety Items, Aberrant Behavior Checklist, Children’s
Sleep Habit Questionnaire, Clinical Global Impressions-Severity
subscale, and Developmental Disability-Child Global Assessment
Scale. The study was designed to have 80% power to detect a
standardized effect size of 0.7 for 10-week change in clinical
outcomes for mirtazapine and a standardized effect size of 1.1 for
differences in 10-week change in clinical outcomes between
mirtazapine and placebo.
Results: Thirty participants were randomized (mirtazapine = 20,

placebo = 10). One participant assigned to mirtazapine withdrew
after six weeks of study participation due to symptoms of
irritability and aggression. The remaining 29 participants com-
pleted the full 10-week treatment period. Children assigned to

mirtazapine experienced a significant decrease on all the anxiety
measures including the PARS (ES 1.76, p < 0.001) which was a co-
primary outcome measure. Forty-seven percent of the participants
assigned to mirtazapine (95% CI 22%: 74%) and 20% of the
participants assigned to placebo (95% CI 2%: 60%) were rated as
“much improved” (CGI-I = 2) or “very much improved” (CGI-I = 1)
for anxiety, p = 0.46. There were no statistically significant
differences in mean 10-week changes between mirtazapine and
placebo on any outcome measure. No participants experienced a
serious adverse event. The most common adverse effects among
participants treated with mirtazapine were sedation/drowsiness
(60%) and appetite increase (50%). There were no significant
differences in adverse effect frequency between mirtazapine and
placebo. There was a statistically significant within-group increase
in body mass index (BMI) by 0.7 in the mirtazapine group. There
were no statistically significant differences in change in BMI
between mirtazapine and placebo.
Conclusions: Subjects treated with mirtazapine demonstrated

substantial and statistically significant within-group improvement
on all of the anxiety measures, including the PARS (a co-primary
outcome). The results support the implementation of a larger
randomized controlled trial which is powered to provide more
conclusive evidence on the benefit of mirtazapine for anxiety in
this population.
Keywords: Autism Spectrum Disorder, Anxiety, Adolescent
Disclosure: Nothing to disclose.

T12. Sex Differences in the Ability to Extinguish Fear in Pre-
Adolescent Children

Hilary Marusak*, Craig Peters, Allesandra Iadipaolo, Christine
Rabinak

Wayne State University, Detroit, Michigan, United States

Background: Pavlovian fear conditioning and extinction para-
digms have been widely used to examine the neurobiological
basis of fear and anxiety disorders. Studies in adolescents and
adults have revealed important sex differences in fear extinction,
with females frequently showing poorer extinction as compared
to males. This disparity may help to explain the greater reported
vulnerability of females than males to anxiety disorders. Poorer
extinction recall in female adolescents and adults is thought to be
driven by the effects of puberty and sex hormones (e.g., estradiol).
It is unclear whether sex differences in fear extinction exist prior to
the onset of puberty (i.e., gonadarche; ≈11 yrs in females, ≈12 yrs
in males), which may be influenced by other biological factors
(e.g., hormonal changes related to adrenarche, genes on X or Y sex
chromosomes).
Methods: 22 female and 22 male children (6–11 years),

matched on age and pubertal status (77% pre/early pubertal
Tanner stage, t(42) = 0.3, p = 0.8), completed a contextual virtual
reality fear conditioning and extinction paradigm. In this
paradigm, adult male avatars served as the conditioned stimuli
(CS) and conditioning and extinction occurred in separate
contexts (i.e., AB design). Conditioned fear was measured
throughout the experiment to the fear (CS+) and safety cues
(CS−) using skin conductance responses (SCRs). Two sex (male,
female) x time (early, late) x CS−type (CS+, CS−) repeated-
measures ANOVAs were applied to test for effects of sex on SCRs
during fear conditioning and extinction.
Results: There were no significant effects of sex, sex x time

(early, late), or sex x CS−type (CS+, CS−) interactions on SCRs
during fear conditioning (ps > 0.05). During extinction, however,
there was a significant main effect of sex (F(1,40) = 5.54, p =
0.024), such that overall SCRs were higher among males than
females. There was also a significant sex x time x CS−type (CS+,
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CS−) interaction (F(1,40) = 4.425, p = 0.042) for SCRs. Post hoc
analyses showed that this interaction effect was driven by no
difference in SCRs to the CS+ vs. CS− among females during early
extinction (p = 0.9), suggesting poor differentiation between
threat and safety cues. Further, among females, SCRs to the CS+
did not differ between early and late extinction (p = 0.7),
suggesting poor extinction. In contrast, males showed higher SCRs
to the CS+ relative to the CS− during early extinction (p = 0.046)
and demonstrated lower SCRs to the CS+ during late as compared
to early extinction (p = 0.008), suggesting intact differentiation
and extinction, respectively. Importantly, the observed sex
differences in extinction to the CS+ (but not in differentiation
between the CS+ and CS−) remained significant when excluding
five participants who were ages 10-11 and four participants who
were more advanced in pubertal status (i.e., mid/late).
Conclusions: Reported sex differences among adolescents and

adults during fear extinction are thought to be driven by the
onset of puberty and the influence of sex hormones (e.g.,
estradiol). Here, we unexpectedly observed sex differences in
differentiation between threat and safety and the ability to
extinguish fear during childhood, when estradiol levels are
typically very low. This suggests the presence of other biological
factors that may contribute to sex differences prior to the onset of
puberty (e.g., hormonal changes related to adrenarche, genes on
X or Y sex chromosomes). Importantly, the observed sex
differences in fear extinction remained significant when indivi-
duals ages 10+ or more advanced in pubertal status were
excluded. Interestingly, epidemiology studies suggest that the
onset of the first or any anxiety disorder is typically in childhood,
prior to the onset of puberty. Further, prior studies suggest that
the sexual disparity in anxiety emerges as early as middle
childhood. Together, these data point to sex differences in fear
extinction during childhood, which is earlier than previously
reported, and may contribute to sex differences in risk for anxiety
disorders.
Keywords: Fear Conditioning and Extinction, Sex Differences,

Anxiety & PTSD, Children
Disclosure: Nothing to disclose.

T13. Activation Mutation in the Ras/MAPK Pathway Alters the
Functional Resting-State Architecture Underlining Executive
Function and Attention

Jennifer Bruno, Sharon Shrestha, Allan Reiss, Manish Saggar,
Tamar Green*

Center for Interdisciplinary Brain Sciences Research, Stanford
University, Stanford, California, United States

Background: Understanding the brain mechanisms underlying
ADHD, one of the most prevalent neurodevelopmental disorders,
is critical for improving diagnosis and treatment. Progress thus far
has been hampered due to genetic heterogeneity and diverse
clinical presentation. The study of human genetic models provides
a more homogeneous model for disease pathophysiology
compared to the study of idiopathic ADHD. Noonan syndrome
(NS), a condition caused by genetic mutations activating the Ras/
mitogen-activated protein kinases (MAPK) pathway, is strongly
associated with ADHD symptoms, including deficits in attention,
hyperactivity, and executive function. While basic research
demonstrates that the Ras/MAPK pathway is critical for brain
development and function, the effects of NS on brain function are
unknown. We examined whether NS alters the functional brain
architecture underlining ADHD symptomatology.
Methods: We used fMRI to examine resting-state functional

connectivity, a summary of synchronous changes in the brain over
time that provides quantification of overall functional architecture.

Participants (age 4–12 years) included 39 children with NS (mean
age 8.44, SD = 2.20, 25 females) and 49 typically developing (TD)
children (mean age 9.02, SD = 9.02, 33 females). Participants also
completed standardized behavioral measures of attention and
executive function.
We performed hypothesis-driven seed-based analyses using

seeds in bilateral caudate and putamen, two subcortical regions
that demonstrated neuroanatomical differences in our study
population. GLM was then used to test for significant group
differences within the spatial extent of connectivity between each
seed and every other voxel in the brain.
We used data-driven independent component analysis (ICA) to

identify eight resting-state networks corresponding to those
previously defined in the literature: visual, somatomotor, dorsal
attention, ventral attention, limbic, left frontoparietal, right
frontoparietal, default mode. GLM was then used to test for
significant group differences in connectivity within the entire
spatial extent of each network. All reported p-values were
corrected using the false discovery rate procedure (FDR).
Results:We included twenty-eight children in the NS group and

46 in the TD group who met strict criteria for MRI data usability
and in final analyses.
Seed-based analyses indicated hypoconnectivity for the NS

group between left caudate and dorsolateral prefrontal cortex
(p = 0.002, d = 0.93, power = 0.97), motor (p = 0.011, d = 0.74,
power = 0.86), and premotor (p = 0.041, d = 0.50, power = 0.54)
areas and between the right caudate and somatosensory cortex
(p = 0.019, d = 0.67, power = 0.78). The caudate seed was also
associated with hyperconnectivity with anterior cingulate for the
NS group (p = 0.024, d = 0.58, power = 0.67). We also found
hyperconnectivity for the NS group between the left putamen and
dorsolateral prefrontal cortex (p = 0.024, d = 0.58, power = 0.67)
as well as hypoconnectivity between right putamen and
subcortical regions (p = 0.024, d = 0.61, power = 0.37).
Primary ICA results indicated significant hyperconnectivity for

the NS group within visual (p = 0.003, d = 0.85, power = 0.94),
ventral attention (p = 0.006, d = 0.76, power = 0.88), left
frontoparietal (p = 0.024, d = 0.59, power = 0.69) and limbic
networks (p = 0.002, d = 0.91, power = 0.96). Post-hoc correlation
analysis indicated significant correlations within the NS group
between the visual network connectivity and visuospatial ability
(NEPSY arrows, r(27) = 0.50, p = 0.010) and frontoparietal
connectivity and semantic access/production of names (NEPSY
speeded naming, r(27) = 0.43, p =0.024). Further, these
correlation coefficients were significantly different between NS
and controls in the visual network (Fisher’s test, z = 2.03, p = 0.04)
and were not significantly different in the frontoparietal network
(z = 1.48, p > 0.10).
Conclusions: Overall, we identify the effects of NS on brain

functional architecture in subcortical and cortical regions. We
observed a striking pattern of hyper- and hypoconnectivity
between subcortical regions and the dorsolateral prefrontal
cortex, a critical region for executive functioning and cognitive
control. In cortical regions, we found that NS was associated with
alteration of several large-scale resting-state networks.
The link between altered subcortical volume and functional

connectivity with critical frontal executive control regions is an
essential step in specifying neurobiological mechanisms that
underlie altered executive function and attention symptoms.
Hyperconnectivity within the visual, dorsal attention, and left
frontoparietal networks may indicate compensatory neural
mechanisms within individuals with NS who also have deficits
with attention and executive function. Our correlation results
demonstrate a significant positive relationship between network
connectivity and executive function within visual and frontopar-
ietal networks and further support our hypothesis of NS’s
compensatory mechanisms.
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Together, our results describe a pattern of altered resting-state
connectivity that represents an intermediary phenotype between
Ras/MAPK mutation and behavior in NS. These results may be
useful in designing and measuring responses to behavioral and/or
pharmacological therapies for individuals with NS. They may have
utility in identifying disorder pathophysiology in subgroups within
idiopathic ADHD.
Keywords: ADHD, Resting State Functional Connectivity,

Genetic Human Model, Ras/MAPK Pathway
Disclosure: Nothing to disclose.

T14. Safety Signal Induced Elevations in Ventral Hippocampal
Activity During Adolescence Can Improve Extinction Learning

Heidi Meyer*

Weill Cornell Medicine, New York, New York, United States

Background: A peak in diagnoses for anxiety disorders occurs
during adolescence and earlier onset of psychiatric symptoms is
associated with increased symptom severity. Making matters
worse, conventional behavioral treatments based on principles of
fear extinction have limited long-term efficacy for a notable
percentage of the adolescent patient population. Thus, generating
a framework for clinical treatments that integrates an under-
standing of the typical and atypical development of fear circuitry
and behavior is crucial to enhancing both the immediate and
long-term benefits of treatment during adolescence. To address
this, my research investigates processes underlying the acquisition
and application of safety signal learning, a form of fear inhibition
with high clinical relevance.
Methods: Adolescent (postnatal day, P29) and adult (P70) mice

underwent discriminative conditioning during which they were
repeatedly presented with fear cues (a tone paired with a
footshock) and safety cues (a second tone, no footshock). After
acquiring an explicit “safety signal” with conditioned inhibitor
properties, mice underwent extinction with a safety signal
intermixed (n = 15 Adults/16 Adolescents), presented simulta-
neously (n = 13/15) or absent (n = 15/15). Rates of extinction and
the retention of extinction gains two weeks later were quantified.
To investigate how the brain uses safety signals to inhibit fear, in-
vivo calcium imaging (fiber photometry) was used to record
neural activity in prelimbic-projecting ventral hippocampal
neurons (VH-PL) alongside behavior (n = 14/7).
Results: Rates of extinction differed by group in adolescents

(p < 0.001; driven by delayed extinction following intermixed
safety exposure) but not adults. Two weeks later, extinction
retention differed by group in both adolescents (p < 0.001) and
adults (p < 0.03). While exposure to intermixed safety cues during
extinction improved retention in both ages, the magnitude of
retained extinction was significantly stronger for adolescents (p <
0.01) than adults (p < 0.07). Simultaneous fear and safety pairings
during extinction did not impact retention for either age. Fiber
photometry recordings revealed increases in VH-PL activity across
extinction trials, but no age differences. Conversely, while VH-PL
also exhibited higher responding to safety cues than fear cues in
both ages, the elevation was greater for adolescents (p < 0.04).
Conclusions: These findings inform the parameters for when

and how safety signals can be used effectively. Notably, mice in
the ‘intermixed’ groups are exposed to half as many fear cues as
mice in other groups. Yet, while constant inhibition of fear via a
safety signal is not beneficial, alternating presentations of fear and
safety cues during extinction can augment fear regulation. This
research also addresses a gap in the literature regarding the
mechanisms underlying adolescent fear inhibition. Replicating our
recently published findings in adults (Meyer et al. PNAS, 2019),
using safety signals to inhibit fear during adolescence similarly

recruits VH-PL neurons. However, safety signal induced elevations
in VH-PL activity apparent specifically during adolescence may
confer an advantage for using safety signals to facilitate extinction.
Together, these findings have great translational potential for
optimizing treatments for pediatric anxiety disorders.
Keywords: Adolescence, Fear Extinction, Ventral Hippocampus
Disclosure: Nothing to disclose.

T15. Association of Choroid Plexus Enlargement With Oligo-
Amenorrhea in Adolescents With Low-Weight Atypical
Anorexia Nervosa and Anorexia Nervosa

Lauren Breithaupt*, Franziska Plessow, Amanda Lyall, Marek
Kubicki, Danielle Kahn, Jennifer Thomas, Randy Gollub, Laura
Holsen, Elizabeth Lawson, Kamryn Eddy, Madhusmita Misa

Massachusetts General Hospital, Boston, Massachusetts, United
States

Background: Despite the important role the choroid plexus (CP)
plays in brain homeostasis, it is largely unexplored in psychiatry.
The CP consists of a network of capillaries enclosed by a single
layer of epithelial cells joined together by tight junctions to form
the blood-CSF barrier. The blood-CSF barrier is an active barrier,
secreting CSF and transferring metabolites from CSF to blood
bidirectionally, and thus, playing a crucial role in communicating
inflammatory reactions from the periphery to the central nervous
system. Integrity of the CP is crucial for maintaining CSF ion
homeostasis and blood-CSF barrier permeability. Enlargement of
CP may reflect greater neuroinflammation, as abnormal function
of the CP requires greater passage of peripheral inflammation
markers to dampen neuroinflammation. These processes are
further controlled by various proteins, enzymes and hormones,
including sex hormones.
Animal models have shown that decreases in estrogen, a

neuroprotective hormone with anti-inflammatory effects in the
brain, leads to increased permeability of the blood-brain and
blood-CSF barriers. Estrogen serves as a neuroprotective hormone
by enhancing inter-endothelial cell tight junction functioning,
which is regulated by the CP. Oligo-amenorrhea (infrequent
menstruation) due to reduced estrogen is associated with weight
loss, malnutrition, and/or abnormal eating seen in restrictive
eating disorders (EDs) such as anorexia nervosa (AN) and atypical-
AN (at-AN), the latter of whom have similar psychopathology and
behavior as AN but maintain higher weights. The CP is under-
studied in EDs, although one small study reported increased left
CP volume in AN compared to healthy controls (HC). Clinical case
reports suggest that papillomas of the CP may lead to the onset of
AN while resolution of AN cognitions and behaviors follows with
its removal.
In this study we aimed to improve our understanding of the

relations between CP structure and estrogen in a cohort of
females with known EDs (AN and at-AN). We hypothesized that
the CP would be larger in patients with AN and at-AN compared to
matched HC and that increased CP volume would be associated
with less estrogen exposure in AN and at-AN.
Methods: T1 weighted scans from 71 postmenarchal females

diagnosed with DSM-5 criteria AN(n = 27) or atypical-AN(n = 19)
and 25 age-matched HCs were parcellated with FreeSurfer to
determine CP volume. Estrogen exposure was calculated as the
number of months with endogenous estrogen exposure over the
previous 9 months as determined by menstrual history. We ran
pairwise contrasts using ANCOVA to assess CP volume in AN, at-
AN, and HCs and partial correlations for estrogen exposure and CP.
All analyses were corrected for multiple comparisons using the
false discovery rate. CP volume was adjusted for total intracranial
volume (TIV) and age in all models. To examine whether CP

ACNP 59th Annual Meeting: Poster Session II

178

Neuropsychopharmacology (2020) 45:170 – 277



volume was influenced by total lateral ventricle volume (LV) or
total gray matter (GM) volume, we re-ran all group comparisons
using total lateral ventricle volume and total lateral ventricle
volume plus total GM volume instead of TIV as covariates to
regress out the effects of cortical atrophy and ventricular
enlargement.
Results: Left CP volume was significantly larger in AN(M =

502.3, SD = 118.7) and at-AN(M = 564.9, SD = 164.2) compared
with HC(M = 443.6, SD = 115.9) (f = 9.9, p < 0.001). There was no
significant difference between AN and at-AN in the left or right CP.
No differences in right CP were observed between at-AN, AN, and
HC (f = 0.36, p = 0.7). When including lateral ventricle volume or
total lateral ventricle volume plus total GM volume instead of TIV
as a covariate, volumes of the left CP remained significantly larger
in the AN and at-AN groups than the HC group. In individuals with
at-AN and AN, left CP volume was negatively associated with
endogenous estrogen exposure (R = −0.43, p = 0.002). There
were no significant relationships between estrogen exposure and
the CP in HC. Total GM volume was not significantly associated
with the left or right CP in at-AN, AN, or HC.
Conclusions: We found that left CP volume was significantly

higher across the AN spectrum (AN and at-AN) compared with HC
(independent of total GM volume), and inversely associated with
endogenous estrogen exposure in AN. Our results support our
hypothesis that CP enlargement exists in AN and at-AN and is
related to decreases in estrogen exposure in adolescents. Further,
the laterality observed in the current study replicates the one
other study reporting associations between AN and CP, which also
found increased volume in only the left CP. Asymmetry of the CP
may represent an early marker of pathology, as enlargement of
left CP relative to right CP, is the earliest brain asymmetry
identified thus far (noticeable at 11 weeks post conception) and is
distinct from other brain structures in terms of their overall
transcriptomic profile(genes involved in cell-adhesion and
immune responses more highly expressed in left CP). Disruptions
in estrogen exposure in adolescents with AN may lead to
increased blood-brain-barrier (BBB) permeability and should be
further explored using more direct measures of BBB (such as CSF
collection). While this currently represents the largest study of CP
volume in AN, replication across cohorts will be necessary.
Longitudinal studies administering estrogen will be important in
determining whether estrogen normalizes CP volume and in turn,
ED psychopathology.
Keywords: Anorexia Nervosa, Structural MRI, Choroid Plexus,

Estrogen Synthesis
Disclosure: Nothing to disclose.

T16. Frontolimbic Gene Expression Signatures for Lifetime
Illness and Survival in Years

Dhivya Arasappan, Zo-Ann Lee, Ericka Salas, Nirmala Akula,
Francis McMahon, Mbemba Jabbi*

The University of Texas at Austin, Austin, Texas, United States

Background: The human brain epitomizes the evolutionary
adaptation to survive environmental and social challenges over a
lifetime. Previous brain lesions, neuroimaging, and cellular brain
studies have identified a distributed frontolimbic brain network
encompassing the subgenual cingulate and insula in supporting the
perceptual, mnemonic, and experiential aspects of interoception,
emotion, and memory. The cingulate-insula network enhances
survival by integrating i) interoceptive (i.e., inner bodily states), with
ii) exteroceptive (i.e., outer bodily percepts) sensory domains. This
brain network synthesizes inner and outer sensory worlds by making
sense of how external sensory events (i.e., visual; auditory; olfactory;
tactile/motor; gustatory) impact the observers’ internal sensory (i.e.,

homeostatic and affective feeling states). However, the molecular
signatures for the interoceptive-exteroceptive cortex in relation to
lifetime mood dysfunctions and survival is unknown.
Methods: Here, we phenotyped the mental illness status and

survival rate (i.e., age at death and lifetime physical health status)
in a postmortem sample and extracted RNA from the subgenual
cingulate (N = 72) and anterior insula (N = 72) in all donors. To
identify gene expression signatures related to mental illness status
and survival rate, we performed differential gene expression
analysis while controlling for RNA integrity scores. Pathways
enriched among the differentially expressed genes were identified
to understand the functional dysregulations associated with our
primary outcome measures.
Results: In a postmortem donor sample of 24 bipolar disorder

(6 females), 24 major depressive disorder (8 females) and 25
controls (8 females), the survival rate correlated with the degree of
comorbid physical illness status (r = 0.62) but not with the degree
of comorbid mental illness status (r = −0.02). Pathway analysis
identified significant associations between metabolic pathway
dysregulations and mental illness status, as well as bodily
homeostatic pathway dysregulations and survival rate in sub-
genual cingulate gene expression using Bonferroni corrections.
Similarly, associations between immune and inflammatory path-
way dysregulations and mental illness status and between cellular
and neurodevelopmental pathway dysregulations and survival
rates were identified in anterior insula gene expression.
Conclusions: Our results uncovered a molecular profile of the

subgenual cingulate and anterior insula cortex in dysfunctions
related to lifetime mental illness status and bodily homeostatic
processes in mood disorders. Further multidisciplinary studies in
larger samples are required to validate the observed molecular
processes influencing the mental and physical health.
Keywords: Subgenual Anterior Cingulate, Gene Expression,

Anterior Insula, Mood Disorders, RNA-Sequencing
Disclosure: Nothing to disclose.

T17. Effect of Chronic Restraint Stress on Maternal Behavior
and Underlying Neural Circuitry in Mice

Robyn Anderson, Brenda Abdelmesih, Anita Autry*

Albert Einstein College of Medicine and Montefiore Medical Center,
Bronx, New York, United States

Background: Stress is a risk factor for development of Postpartum
mental illnesses including Postpartum Depression, Postpartum
Anxiety, and other disorders. In the United States, these disorders
can affect up to 20% of mothers and 10% of fathers annually. In
this study, we will take advantage of chronic restraint stress which
has been shown to significantly decrease parental behavior in
both naive and lactating female mice to study the impact on
neural circuitry related to maternal behavior.
Methods: In a first set of experiments, we subjected naive adult

female mice (C57BL/6) to chronic restraint stress in a perforated 50
mL conical tube for 1 hour per day for 20 days or as a control daily
handling and weighing (n = 9 per group). On the final day of
stress, females were exposed to foreign pups (2 pups; 2 days old)
and their maternal behaviors were recorded for 15 minutes. Thirty
minutes after behavior, trunk blood and fresh frozen brain tissue
was collected. Brains were sectioned on a cryostat and
fluorescence in situ hybridization for corticotropin releasing factor,
urocortin-3, and c-fos was performed.
In a second set of experiments, we performed a similar chronic

restraint stress paradigm in lactating females. Stress was
performed on postpartum days 2–16. These experiments are
currently ongoing with a cohort of 5 control and 5 stressed
females at the time of abstract submission.
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Results: Our results show that chronic stress in naïve females
significantly decreases the weight of female mice (p < 0.0001) and
significantly reduces pup retrieval behavior (p < 0.006). In control
females, there is a significant negative correlation between
parental behavior and c-fos positive CRF (R = 0.68) or Ucn3 (R
= 0.51) positive neurons, and chronic stress disrupts this
correlation. Analysis of data collected in the lactating female
group is currently ongoing, but we are observing similar trends for
weight and retrieval behavior.
Conclusions: Here, we show that chronic restraint stress

disrupts maternal behavior in both naive and lactating female
mice. We find that neural populations in the paraventricular
nucleus of hypothalamus that have been identified to play a role
in both social and stress-related behaviors, the corticotropin
releasing factor and urocortin-3 expressing neurons, are active in
females showing less maternal behavior. However, this correlation
of activity to maternal behavior is lost after chronic stress,
suggesting that stress causes changes in these neurons that
disrupts their normal function in maternal behavior and may in
part contribute to the observed impact of stress on pup-directed
behavior.
Keywords: Corticotropin-Releasing Factor (CRF), Circuitry-Based

Approach, Chronic Stress, Hypothalamus
Disclosure: Nothing to disclose.

T18. Transcriptional Profiles in Mouse Models of Treatment
Resistant Depression

Angélica Torres-Berrío*, Eric M. Parise, Molly Estill, Trevonn
Gyles, Freddyson J. Martínez-Rivera, Caleb J. Browne, Arthur
Godino, Li Shen, Eric J. Nestler

Icahn School of Medicine at Mount Sinai, New York, New York, United
States

Background: Major Depressive Disorder (MDD) is the most
prevalent psychiatric disorder worldwide, representing a high level
of global economic burden. Despite decades of research, the
treatments for MDD remain inadequate for roughly half of patients.
Fluoxetine (FLX), a selective serotonin reuptake inhibitor (SSRI), has
been widely used to treat MDD, nonetheless, a majority of patients
do not achieve full remission. Further, a subset of those afflicted is
considered non-responsive to any orally-available treatments, which
is termed treatment-resistant depression (TRD). Ketamine (KET), an
antagonist of the glutamate N-methyl-D-aspartate (NMDA) receptor
among several other actions, has been shown to induce a rapid
antidepressant response in ~50% of TRD patients, thus providing a
novel therapeutic approach. However, the molecular mechanisms
underlying TRD and subsequent response vs. non-response to KET
are poorly understood, thus hindering the development of novel
treatments. This study was aimed at characterizing the transcrip-
tional profile of successful vs. unsuccessful response to KET in mice
that failed to respond to an initial course of FLX as a model of
treatment resistance.
Methods: We exposed adult male mice to chronic social defeat

stress (CSDS), a validated mouse model for the study of depression
that differentiates between resilient and susceptible mouse popula-
tions based on the social interaction test (SIT), which is highly
correlated with numerous other behavioral outcomes. Mice exhibit-
ing reduced social interaction were classified as susceptible and
underwent antidepressant treatment with FLX (160 mg/L/day) in
their drinking water for 28 days. A group of susceptible mice
received water during the same period (water-treated). After FLX
treatment, we identified a subset of mice (~35%) that continued to
show reduced social interaction despite treatment (non-responders).
FLX non-responders and water-treated mice were subsequently
given a single injection of KET (10mg/kg IP) and behavior assessed

in the SIT 24 h later. Transcriptome-wide changes in the prefrontal
cortex (PFC) and nucleus accumbens (NAc) 48 h after KET
administration were profiled by RNA-sequencing.
Results: We found that ~50% of FLX-non-responder mice

exhibited an antidepressant response to a single KET injection, a
significantly greater response than that seen in susceptible mice
treated with water (0%), suggesting that FLX primes mice for
successful antidepressant response to KET. We further identified a
subset of treatment resistant mice who failed to respond to
consecutive FLX and KET treatment. Pattern analysis of the
differentially expressed genes in the PFC and NAc revealed
transcriptional profiles associated with the antidepressant-like
actions of FLX and of KET as well as a series of genes that were
unique to treatment resistance to both drugs.
Conclusions: We developed a novel paradigm of treatment

resistance in mice that allows for the molecular interrogation of
potential mechanisms that underlie antidepressant treatment
resistance. The KET response rate in FLX-non-responders is similar
to that seen in TRD patients, lending further validity to our model.
Moreover, our findings suggest that prior unsuccessful antide-
pressant treatment induces a “priming effect” that increases the
likelihood of successful response to KET. We are now performing
weighted gene co-expression network analysis (WGCNA) to
identify novel “key driver genes” that may mediate treatment
resistance and response across the PFC and NAc, as the encoded
proteins could represent targets for the development of novel
therapeutics for TRD.
Keywords: Treatment-Resistant Depression, Chronic Social

Defeat, RNA Sequencing, Ketamine, Fluoxetine
Disclosure: Nothing to disclose.

T19. Prefrontal Circuit Mechanisms Underlying Stress Effects
on Effort-Based Decision Making

Puja Parekh*, Jesse Kaminsky, Jacob Roshgadol, Naomi Xia,
Isabella Karabinas, Conor Liston

Weill Cornell Medical College of Cornell University, New York City,
New York, United States

Background: Deficits in effort valuation (EV), a cost-benefit analysis
comparing the magnitude of anticipated rewards with effort
expenditure required, may contribute to anhedonia in depression,
schizophrenia, and other psychiatric conditions. In vulnerable
individuals, chronic stress may precipitate anhedonia, which is
associated with impairments in reward processing and disrupted EV.
Prefrontal cortical are thought to support EV processes, but the
underlying mechanisms are not well understood.
Methods: We developed a head-fixed EV task to allow

simultaneous 2-photon calcium imaging of dorsomedial prefrontal
cortex (dmPFC) neurons through chronically implanted micro-
prisms. We used viral methods to express the genetically encoded
calcium indicator, GCaMP7f, in corticostriatal neurons (dmPFC-
NAcc) as this population has previously been shown to encode
reward-predictive information. Mice (male and female C57/Bl/6,
aged 8-12wks) were trained in a classical Pavlovian conditioning
task to discriminate between reward-predictive and non-reward-
predictive auditory cues. In a later stage of training, “high-effort”
trials were introduced, signaled by a tactile cue. Lick responses
were continuously monitored and quantified as “anticipatory” or
“consummatory” if occurring prior to or following reward delivery,
respectively. Following stable EV behavior, male mice underwent
chronic social defeat stress (CSDS) for 10 days and were re-tested.
Mice were imaged longitudinally across training and following
stress exposure. Each cell was tested for low-dimensional
encoding of reward- and effort-predictive cues and the accuracy
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of cue decoding from population activity was determined by
training a linear support vector machine (SVM).
Results: Cue discrimination was validated by an average d-

prime value above 0.8. Mice showed sensitivity to reward and
effort conditions following learning of the EV task as measured by
averaged baseline-subtracted anticipatory and consummatory lick
response rates (N = 15; F5,474 = 18.40; p < 0.0001; F5,489 = 35.60;
p < 0.0001). Preliminary neural activity data (N = 3; ~500 cells)
indicate that ~30% of corticostriatal neurons exhibit statistically
significant reward-predictive cue encoding. High-dimensional
coding mechanisms were used to examine encoding of reward-
predictive cues, as evidenced by accurate cue decoding from
population activity (>70%). Stress exposure biased behavioral
responding towards low-effort reward-seeking in a subset of
mice (p = 0.008). CSDS also reduced the accuracy of decoding
rewarded trials from corticostriatal population activity, specifically
during the reward consumption period.
Conclusions: We are able to use a novel head-fixed effort

valuation task to understand how prefrontal projection pathways
encode reward- and effort-predictive information for decision
making. Additionally, we can examine the effects of psychosocial
stress on anticipatory and consummatory reward-seeking beha-
vior, as well as the function of prefrontal circuits. We have found
that mice are sensitive to reward value and effort expenditure in
our task, and stress-susceptible mice show a selective impairment
in high-effort responding following CSDS, and stress may interfere
with the encoding of reward-predictive cues by this population of
neurons. Ongoing studies are focused on comparing the roles of
different PFC projection pathways in reward- and effort-predictive
cue encoding and the effect of chronic stress on these circuits.
Keywords: Effort-Based Decision Making Task, Prefrontal

Circuit, Calcium Imaging
Disclosure: Nothing to disclose.

T20. The Influence of Working Memory on the Relationship
Between Depressive Symptoms and Attention for Dysphoric
Stimuli

Morganne Kraines*, Tony Wells

Butler Hospital, Alpert Medical School of Brown University, Provi-
dence, Rhode Island, United States

Background: Depression is a highly prevalent mental health issue
which results in substantial financial burden and life impairment
(Greenberg, et al., 2015; Kessler, et al., 2005). Cognitive models of
depression suggest that depressed individuals display biased
attention for depression-relevant information such as words or
images (i.e., dysphoric stimuli) (Beck, 1976; Teasdale, 1988; Ingram,
1984). One factor that contributes to our ability to attend to
information is working memory. Research indicates that
depressed individuals show deficits in working memory (Rose &
Ebmeir, 2006; Moritz et al., 2002). As such, it is possible that
working memory deficits may also impact negative attention
biases displayed in depressed individuals. However, no studies
have directly investigated the relationship between depression
symptoms, working memory, and attention to emotional informa-
tion. This study experimentally examined the role of working
memory on the relationship between depressive symptoms and
attention for dysphoric stimuli. We tested four hypotheses: 1)
increased depression would be associated with increased atten-
tion for dysphoric emotional stimuli; 2) increased depression
symptoms would be associated with deficits in phonological and
visuospatial working memory; 3) there would be an indirect effect
of working memory on the relationship between depression
symptoms and attention for dysphoric stimuli; and 4) a working
memory load would moderate the relationship between

depression symptoms and attention for dysphoric stimuli such
that under a load condition, the relationship between depressive
symptoms and attention for dysphoric stimuli would be stronger
than in a no load condition.
Methods: To detect a small to medium effect size (c.f.

Armstrong & Olatunji, 2012), we would need to recruit 120
participants to achieve a power of .85. In order to account for eye
tracking data loss our sample consisted of 147 participants. After
providing informed consent via an IRB approved consent form,
participants completed measures of depressive symptoms (PHQ-
9), phonological and visuospatial working memory tasks (Rapport
et al., 2008), and two runs of an eye tracking task measuring
attention bias to emotional facial expressions. During one of the
eye tracking runs, participants completed The Serial Three’s Task
(Smith, 1967) as a working memory load.
Results: Results indicated that increased symptoms of depression

were associated with increased attention to dysphoric stimuli (r =
0.322, p = 0.001). However, depressive symptoms were not
associated with deficits in phonological (r = −0.075, p = 464) nor
visuospatial working memory (r = 0.101, p = 0.32). Furthermore,
phonological (r = −0.017, p = 0.871) and visuospatial (r = 0.036, p =
0.725) working memory scores were not significantly associated with
attention to sad faces. There was not a significant indirect effect of
phonological working memory (95% CI = −0.145, .056), nor of
visuospatial working memory (95% CI = −0.124, .079) on the
relationship between depression symptoms and attention for sad
faces. Results indicated a significant interaction between
load condition and depression symptoms, F(1,98) = 9.55, p =
0.003, ηp2 = 0.089. However, this moderation is driven by a
significant positive relationship between symptoms of
depression and attention to sad faces in the no load condition
(r = 0.322, p = 0.001), but no such relationship in the load condition
(r = −.004, p = 0.970).
Conclusions: Results supported our first hypothesis, but our

remaining three hypotheses were unsupported. Limitations of the
current study included the use of an undergraduate student
sample with depression scores in the mild-clinical range, and the
use of a cross-sectional design. It is possible that we did not find a
relationship between depression symptoms and phonological and
visuospatial working memory because our working memory tasks
utilized neutrally-valenced stimuli, whereas some previous
research has used negatively-valenced stimuli within their working
memory tasks. Additionally, it is possible that the Serial Three’s
Task was too difficult as a load task, as our data indicated that
when under the load condition, participants spent less time
looking at almost all emotional faces compared to the no-load
condition. Nonetheless, results contribute to the growing litera-
ture examining cognitive factors and depression. Future work
could examine differing levels of working memory loads, use
working memory tasks and a working memory load that are
emotionally valenced, or employ a longitudinal design.
Keywords: Cognitive, Depression, Working Memory, Experi-

mental Design, Eye Tracking
Disclosure: Nothing to disclose.

T21. Applying Drift Diffusion Models to Examine the Neural
Correlates of Threat Processing in Pediatric Irritability and
Anxiety

Reut Neim*, Simone Haller, Allison Jaffe, Joel Stoddard, Melissa
Brotman

National Institute of Mental Health, Bethesda, Maryland, United
States

Background: Irritability and anxiety are both impairing and
often comorbid clinical phenotypes in youth. Behavioral work
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has indicated that biased patterns of attention and associated
aberrant neural correlates are key pathophysiological mechan-
isms across both irritability and anxiety (Kircanski et al., 2018).
However, progress on understanding the mechanism and
tailoring treatment is substantially hindered by limitations in
the most widely used method, the dot-probe paradigm, to
quantify attention bias. Previous work using drift-diffusion
models (DDM) in anxious youth suggests that DDM may be a
promising tool to investigate latent mechanisms of attention
bias and their association with individual differences. DDM is a
well validated computational model which utilizes individuals’
distribution of reaction times and response choices across task
trials to derive latent metrics indexing cognitive components of
task performance. In a dot-paradigm it could derive a more
reliable metric indexing biased attention (Price et al., 2018). The
present study extends previous work by i) assessing a possible
mechanism of attention shifting via the DDM, ii) testing
associations between neural activations during the dot-probe
show, a latent DDM mechanism, and individual differences in
anxiety and irritability.
Methods: A total of 384 participants (ages 8 to 18; M = 12.9

years, 50.3% male) were assessed dimensionally on irritability and
anxiety symptoms and completed an fMRI dot-probe task
assessing attention bias to angry vs. neutral faces. The DDM
parameter of interest was extra-decisional time (t0; task perfor-
mance components outside of the decision process such as
preparation and execution). In the dot-probe paradigm is that
threat faces are displayed before the response target appears on
the screen which initiates the target-dependent decision process.
Hence, orienting to the probe happens before the decision
process is initiated (i.e. right-left button press to the direction of
the probe). Thus, it is hypothesized that the extra-decisional
component contains the process of interest: the time individuals
take to orient attention to the location of the probe.
A bifactor model, a data-driven phenotyping approach, was

used to identify factors representing shared and unique aspects of
anxiety and irritability (Kircanski et al., 2018; Cardinale et al., 2019).
Analyses examined the association between clinical phenotype
factor scores, DDMt0, and neural activation, as a function of
attention orienting to threat.
Results: Extra-decisional time related to attention bias mea-

sured by the conventional subtraction score (r = 0.35, p < 0.05).
We replicated a 4-factor bifactor solution (CFI = 0.954, RMSEA =

0.074 [CI = 0.067, .081]) including three unique factors of
irritability and anxiety, and a common factor, termed “negative
affectivity”, which represents the shared variance of irritability and
anxiety. Negative affectivity was associated with increased extra-
decisional time across all task conditions (rs = 0.2, p < 0.05) and
decreased activation in several prefrontal areas (e.g., left and right
superior frontal gyrus, p < 0.005, whole-brain corrected, cluster
corrected to p < 0.05) in the attention bias contrast. Neither
irritability nor anxiety was associated with extra-decisional time.
During fMRI, increased irritability was associated with wide-

spread increased activation patterns in prefrontal regions (e.g., left
medial frontal gyrus, right and left insula, voxelwise p < 0.005,
whole-brain, cluster corrected to p < 0.05). A three-way interaction
was found between extra-decisional time and activation to the
attention bias contrast as a function of irritability. In youth low on
irritability, activation decreased as a function of increasing extra-
decisional time in the right superior frontal gyrus (p < 0.005,
whole-brain corrected, cluster corrected to p < 0.05).
Conclusions: Findings support the added value of DDM to

characterize aberrant attention processing in pediatric psycho-
pathology. The replication of attention effects on extradecision
time should prompt further modeling to partition t0 into orienting
versus other unrelated processes or to model the attentional
effects on decision processing itself (Nishiguchi et al. 2019).

From a clinical perspective, with emerging evidence supporting
the promise of Attention Bias Modification Treatment (ABMT) to
treat mood. ABMT is a computer-based attention training program
which uses the dot probe to train attention. Enhanced under-
standing of these processes may contribute to the efforts in
tailoring current interventions across different diagnosis.
Keywords: Functional MRI (fMRI), Affective Disorders, Computa-

tional Modeling
Disclosure: Nothing to disclose.

T22. Distinctive Learning Styles During Cognitive Training
Against Threat Interpretations

Joel Stoddard*, Simone Haller, Vincent Costa, Melissa Brotman,
Matt Jones

University of Colorado, School of Medicine, Aurora, Colorado, United
States

Background: People with affective psychopathology exhibit
biased categorical interpretations of ambiguous social information
in a manner consistent with their predominant affect. For
example, individuals with a tendency towards anger/irritability
or anxiety are more likely to label ambiguous facial expressions as
threatening, e.g. angry as opposed to happy. These biases may
perpetuate pathology-congruent negative cognitions or social
interactions. Interpretation bias training (IBT), has been developed
to counteract this bias by encouraging more positive judgments
of ambiguous social stimuli through reinforcement learning. IBT
clinical trials have had mixed outcomes, resulting in prominent
calls to understand its mechanism.
One form of IBT is particularly amendable to computational

modeling because it requires forced positive/negative judg-
ments of facial affect stimuli with overlapping features. A
prominent computational model of categorical learning,
ALCOVE (Kruschke, 1992), accounts for such similarity and
provides a measure of the speed of learning (learning rate
parameter) and the degree to which learning affects similar
stimuli (generalization parameter). As opposed to conventional
statistics, we expect these parameters to reveal individual
differences in trial-by-trial process of learning.
We expected to successfully translate ALCOVE to measure

categorical learning during IBT in a transdiagnostic pediatric
sample of youth with pathologic anger/irritability and anxiety.
We also expected that inter-individual differences in both
generalization and learning rate would identify a learning
typology.
Methods: Participants were 71 youth (8–22 years old) with no

major psychopathology, psychopathology characterized by irrit-
ability (Disruptive Mood Dysregulation Disorder), anxiety (any of
Generalized, Social, or Separation Anxiety Disorders), or a relevant
comparison condition, Attention Deficit/Hyperactivity Disorder.
They completed the Affective Reactivity Index (ARI; Stringaris et al.,
2012) to assess levels of irritability and the Screen for Child Anxiety
Related Emotional Disorders (SCARED; Birmaher et al., 1997) to
assess levels of anxiety. Arbitrary performance criteria indepen-
dent of model fit and consistent with clinical trials of IBT (e.g.,
Stoddard et al., 2016) were applied. This yielded a final sample of
n = 63 [44% female, M (SD) age = 14.7 (3.2) years].
All participants completed an IBT session (Penton-Voak et al.,

2012) which required happy or angry judgments of 15 randomly
presented pictures of facial affect ranging on a linear morph
continuum from overtly happy to overtly angry. A 45-trial
assessment block established the angry response probability for
each picture. Six 30-trial blocks used feedback to encourage
“happy” judgments for two ambiguous morphs on the angry side
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of an individual’s indifference point. The task ended with another
45-trial assessment block.
The model is a variant of ALCOVE (Kruschke, 1992) modified for

use with the IBT task, accounting for baseline emotion valence
representation and errors on labeling overt facial expressions
(improved fit confirmed by chi-square testing). Parameters of
interest were generalization, σ, and learning rate, ε, the latter
transformed by taking its fourth root to improve normality.
Results: In this sample, the model assessed generalization and

learning rate well. For learning rate, mean ε^0.25 = 0.31 with
bootstrap estimated RMSE = 0.12 and parameter recovery r =
0.66. For generalization, mean σ = 5.50, RMSE = 3.61, and
parameter recovery r = 0.83.
Best fit Gaussian mixture modeling empirically classified

individuals into three, distinctive learning types (BIC = −292.57,
entropy = 0.94, BLRT p = 0.01). The types were characterized by
very low learning rates [“slow learning”, n = 6, M(SD) σ = 3.29
(2.29), M(SD) ε∧0.25 = 0.0021(0.00086)], high generalization and
moderate learning [“broad learning”, n = 16, M(SD) σ = 12.12
(2.76), M(SD) ε∧0.25 = 0.26 (0.085)], and variable learning with
lower generalization [“narrow learning”, n = 41, M(SD) σ = 3.25
(1.94), M(SD) ε∧0.25 = 0.37 (0.15)]. Of conventional statistics, only a
lack of change in indifference point indicated one class, “slow
learning”.
In regression adjusting for age and accuracy on labeling overt

faces, broad learners had lower irritability than narrow learners
(ARI b = −0.56, p = 0.02). Generalization had a negative
association with irritability (ARI b = −0.80, p = 0.018) and positive
association with anxiety (SCARED b = 0.13, p = 0.050).
Conclusions: We translated a prominent category learning

model to IBT to discover three distinctive types of learners during
this experimental treatment. All types of learners would have been
lumped together in an active training group in past trials.
However, only 65% of the sample, narrow learners, learned in a
way consistent with the theory IBT mechanism of action. One
quarter of the sample responded with global improvements to
any feedback, which is consistent with concerns about nonspecific
‘demand effects’ which may have driven past trial results. A
tendency to respond to feedback globally was positively
associated with anxiety. These findings have implications for
examining the mechanism of IBT, explaining the variation in past
clinical trial results, and identifying individuals who might benefit
from IBT.
Keywords: Computational Modeling, Face Emotion Processing,

Category Learning, Interpretation Bias
Disclosure: Nothing to disclose.

T23. Functional Noncoding Variants From Several Major
Depressive Disorder GWAS Loci Alter Retinoic Acid Receptor
Family Binding Sites

Abstract not included.

T24. Interleukin-8 in Major Depressive Disorder and Effects of
Treatment

Monica Feliz Castillo*, Evangelia Fatourou, Angelos Halaris

University of California, San Diego, San Diego, California, United
States

Background: Introduction: The inflammation hypothesis of
depression postulates that immune hyperactivation and dysregu-
lated cytokine production are involved in the pathophysiology of
depressive illness. MDD has been associated with a pro-
inflammatory status. Interleukin 8 (IL-8) is a proinflammatory
cytokine but also a chemokine that can mediate the migration of

inflammatory cells into inflammatory sites and affect the immune
response in the acute inflammatory phase. Higher baseline
proinflammatory cytokines (e.g., IL-6 and IL-8) levels and poorer
antidepressant responses have been found in MDD and BD,
although not all studies agree. Other findings indicate that
improvement in symptoms of depression and anxiety after
treatment is not associated with changes in inflammatory markers.
Liu et al. (2020) summarized IL-8 data from nine studies
comprising 397 responders and 311 nonresponders. MDD patients
who showed improved treatment response at the endpoint had
significantly lower baseline IL-8 levels compared with the
nonresponders. With respect to potential effects of antipsychotics
on IL-8, reported data suggest that antipsychotic treatments alter
the gene expression patterns in adipocytes and prime them for a
low-level inflammatory state (Sarvari et al., 2014).
Hypothesis: We hypothesized that in the context of a pro-

inflammatory status in depression, IL-8 is elevated in MDD patients
at pre-treatment and levels correlate with the intensity of depressive
symptomatology. We also hypothesized that with successful
treatment of depression, the pro-inflammatory state will subside
and therefore IL-8 levels at post treatment should be lower than at
baseline. In conjunction with escitalopram, an SSRI, and quetiapine,
an anti-psychotic, we predicted that our patients’ IL-8 levels would
change according to previous studies, with a decrease as a result of
escitalopram and a decrease as a result of quetiapine.
Methods: Methods: Data was derived from two studies of MDD

patients treated either with escitalopram (20 patients) or
quetiapine (18 patients). Quetiapine was used in lower doses
than those used to obtain an antipsychotic effect, to confirm the
utility of this agent to treat depression and anxiety. The potential
antidepressant efficacy is related to the active and biologically
active metabolite, norquetiapine, that has been shown to be a
reuptake inhibitor of norepinephrine. Patients were 20-65 years
old and met DSM-IV criteria for MDD. The diagnosis of MDD was
made by psychiatric interview and administration of the MINI. A
HAM-D >18 score was an inclusion criterion along with absence
of any other illness and no evidence of an inflammatory
condition. Treatment lasted for 12 weeks. Inflammation biomar-
kers were measured in blood at baseline and at week 12. In
addition, IL-8 levels were correlated at post-treatment with
depression scores and depression sub-scores extracted from the
HAM-D.
Results: Results: There was a statistically significant difference

(p = 0.007) between mean Baseline IL-8 values in the MDD group
(Mean± SEM) (4.02±0.71) and the Healthy Control group (1.86
±0.34). There was no statistically significant difference between
Baseline and Week 12 IL-8 values, in either the combined MDD
cohort or individual study cohorts. There was no correlation
between IL-8 levels and severity of depression or anxiety, at
Baseline or at Week 12. When the Baseline values were split into
‘High’ and ‘Low’ groups, no statistically significant correlations
emerged between IL-8 levels and any of the variables examined.
There was no statistically significant difference between Baseline
and Week 12 IL-8 values in either treatment group. Baseline IL-8
values did not predict treatment response.
Conclusions: Conclusions: MDD patients had significantly

elevated blood levels of IL-8 at pretreatment, suggesting
abnormal expression of inflammatory cytokines in depression in
support of the hypothesis that immunological abnormalities are
involved in the pathophysiology of depression. The observation
that IL-8 values did not return to baseline at week 12, in either
treatment group, could be due to the short duration of
observation. A longer period of treatment might show normal-
ization of IL-8 levels. Lastly, the data indicate that mood
normalization may not be accompanied by concomitant normal-
ization of the pro-inflammatory state and a longer duration of
treatment may be required to produce immune system
homeostasis.
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Keywords: Neuroinflammation, Major Depressive Disorder,
Interleukin-8, Escitalopram, Quetiapine
Disclosure: Nothing to disclose.

T25. Neurophysiological Signature of Magnetic Seizure
Therapy (MST) in Depression and Schizophrenia: A
Preliminary Resting-State Electroencephalography Study

Elisa Kallioniemi*, Matthew Hudgens-Haney, Reza Zomorrodi,
Daniel Blumberger, Zafiris J. Daskalakis, Carol Tamminga

University of Texas Southwestern Medical Center, Dallas, Texas,
United States

Background: Magnetic seizure therapy is a novel non-invasive
neuromodulation treatment under investigation. The aim of MST
is to produce a similar therapeutic seizure as (ECT), but with
rapidly alternating magnetic fields. The benefit of using magnetic
fields is that the seizure-inducing electric fields are delivered
directly to the cortex, instead of the scalp as in ECT, allowing the
electric field to be more focal and easier to control. The ability of
MST to focus the induced electric fields and thereby, the seizure
initiation site, makes targeting seizure therapy to specific brain
regions possible. Also, as magnetic fields only reach the surface of
the neocortex, the induced electric field does not spread to
deeper brain structures, such as the hippocampus, as in ECT. This
may help alleviate the ECT-associated cognitive impairments,
including anterograde and retrograde amnesia. These cognitive
impairments are transient but can persist for up to 6 months or
longer and are often the main reason why an individual chooses
against ECT. Current evidence points that MST has a superior
neurocognitive profile to ECT.
So far, MST has been mainly applied in severe depression, but in

two studies, schizophrenia has been targeted. In both disorders,
MST has obtained promising clinical outcomes. Importantly, the
antidepressant efficacy of MST has been similar as in ECT. In
schizophrenia, the efficacy of MST has not yet been directly
compared to that of ECT.
Due to the different electric field delivery methods, the induced

seizures and how they are associated with clinical outcome are
different between ECT and MST. ECT induces a seizure in which
first the ictal electroencephalography (EEG) increases in amplitude
followed by high amplitude polyspike activity which shortly
changes into slow wave activity and finally leads to post-ictal
suppression of EEG activity. For good clinical outcome in ECT, a
long post-ictal suppression is the best indicator of therapeutic
response. In MST, both ictal and post-ictal phases are less evident
than in ECT and good clinical outcome is associated with low
slow-wave amplitude and short polyspike duration. Also, the
recovery and reorientation times after treatment differ, and they
have been found to be shorter with MST.
Overall, there is still limited understanding of the mechanisms

of action and neurobiological effects of MST as well as which
neurobiological markers are most likely to show a response to
MST. This greatly limits the possibilities of optimizing the
treatment to specific disorders. In this study, our aim was to
evaluate the neurophysiological signature of MST and whether
this signature is similar in depression and schizophrenia.
Methods:MST was administered to 18 individuals (8 males, 44.8

± 13.0 years) with major depressive disorder (MDD) and 2
individuals (2 males, 38.5 ± 3.5 years) with schizophrenia in a
preliminary sample (ClinicalTrials.gov Identifier: NCT01596608). All
20 participants took part in a 64-channel resting-state EEG
measurement before and after a course of MST. MST was applied
at 100% of maximum stimulator output. The stimulation
frequency was between 25 and 100Hz with the MST coil
positioned over frontal or vertex brain regions, until adequate

seizure was achieved. Treatments were given until the participant
remitted or the maximum number of treatments (24 treatments)
was given.
Resting-state EEG assessments were preprocessed according to

standard guidelines and artifacts were removed with independent
component analysis. The power spectrum for each electrode was
calculated and relative power was obtained for 1 to 50Hz. Relative
power was calculated as the ratio of the power at each frequency
relative to the sum of power across all frequencies. Average MST-
induced resting-state EEG power change at each EEG frequency
was evaluated with the Wilcoxon signed-rank test.
Results: In comparison to baseline, MST increased delta and

theta, and decreased gamma power in both MDD and schizo-
phrenia (p < 0.05) over the course of the MST treatment. In MDD,
however, the low-frequency increases were largely driven by a
subset of individuals and were not shared across all participants.
No clear pre-MST EEG power trends existed in MDD responders
compared to non-responders. But in the persons with schizo-
phrenia, the responder had a low pre-MST EEG power-level while
the non-responder had a high pre-MST EEG power level.
Conclusions: MST is a promising seizure therapy under

investigation for the treatment of severe neuropsychiatric
disorders, such as MDD and schizophrenia. The neurobiological
mechanisms of action and effects of MST, however, remain
unknown. In our preliminary study, MST showed a similar
neurophysiological signature in both MDD and schizophrenia on
a group-level, namely there was an increase of power in the lower
EEG frequencies and a decrease in the higher frequencies.
Neurophysiological markers for MST responders and non-respon-
ders, however, may be different across MDD and schizophrenia.
Keywords: Magnetic Seizure Therapy, Major Depressive Dis-

order (MDD), Schizophrenia, EEG
Disclosure: Nothing to disclose.

T26. Rapid Antidepressant Effects of Selective Slow Wave
Sleep Deprivation in Depressed Adolescents: Preliminary
Findings

Adriane Soehner*, Mary Phillips

University of Pittsburgh School of Medicine, Pittsburgh, PA,
Pennsylvania, United States

Background: There is an urgent need for safe, rapid-acting
antidepressant strategies for depressed youth. One night of total
or partial sleep deprivation (SD) acutely reverses depression in
50% of depressed adults, but these effects are transient, reversing
after the next night of sleep. Two small total SD studies in
depressed adolescents report similar response rates and, promis-
ingly, more sustained clinical benefits. Yet, SD is not widely-used
in depressed youth, perhaps due to patient reluctance to engage
in this intervention. Methodological advances now make it easier
to non-invasively reduce specific aspects of sleep abnormal in
depression, such as non-rapid eye-movement slow wave sleep
(SWS). Among depressed adults, selective slow wave sleep
deprivation (SW-SD) had the advantage of improving depression
without disrupting sleep duration, but remains untested in youth.
Among depressed adolescents (13–18yr), we are conducting a
pilot experimental study evaluating the antidepressant effects of
SW-SD.
Methods: Five adolescent outpatients in a depressive episode

(N = 5; Mean Age = 15.75yr; 4 Females) completed 3 consecutive
nights of overnight polysomnographic sleep monitoring: Baseline
(Night 1), Selective Slow-Wave Sleep Deprivation (SW-SD; Night 2),
and Recovery (Night 3). Participants slept undisturbed on Baseline
and Recovery nights. On the SW-SD night, acoustic stimulation
was used to suppress non-rapid eye movement slow wave sleep
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(SWS) in real-time (via the sleep EEG) without impacting habitual
sleep duration. Participants and clinical raters were told that
participants were allocated to SW-SD or a Sham condition on
Night 2; however, all participants received SW-SD on Night 2.
Clinician-rated depression severity was rated after each night
using a modified Child Depression Rating Scale.
Results: There was a significant quadratic effect of night

(Baseline vs. SW-SD vs. Recovery) on SWS percentage (F1,4 = 24.8,
p = 0.016). The percentage time spent in SWS was significantly
lower on the night of SW-SD relative to Baseline (p = 0.049) and
Recovery (p = 0.002), but SWS on Baseline and Recovery nights
did not differ (p = 0.827). SW-SD did not significantly affect sleep
duration (p > 0.1) or the percentage of rapid-eye movement sleep
(p > 0.1). There was a significant quadratic effect of night on mood
(F1,4 = 47.6, p = 0.006). Clinician-rated depression severity
improved after SW-SD relative to Baseline (p = 0.046). However,
these effects were not sustained after recovery sleep; depression
severity increased at a trend level from SW-SD to Recovery (p =
0.092). Depression severity did not differ after Baseline and
Recovery nights (p = 0.924).
Conclusions: Preliminary findings indicate that SW-SD pro-

duces acute, but transient, mood improvement overnight
in depressed adolescents. However, akin to traditional sleep
deprivation/wake therapy, additional therapeutic strategies may
be necessary to sustain the rapid-onset antidepressant effect. Data
collection for this study is ongoing. If these initial findings are
upheld, they would support further evaluation of SW-SD as a rapid
antidepressant strategy in adolescents.
Keywords: Adolescent Depression, Polysomnography, Slow

Wave Sleep, Sleep Deprivation
Disclosure: Nothing to disclose.

T27. Inhibitory Control and Childhood Psychopathology: A
Latent Variable Approach

Elise Cardinale*, Jessica Bezek, Gabrielle Freitag, Anni Subar,
Courtney Filippi, Melissa Brotman, Daniel Pine, Ellen Leibenluft,
Katharina Kircanski

National Institute of Mental Health, Bethesda, Maryland, United
States

Background: Inhibitory control, the ability to modulate prepotent
behavior, is postulated to be a core neurocognitive mechanism
underlying mood and anxiety disorders. However, previous
studies have found mixed support, partly due to variability in
the tasks and behavioral metrics used across studies, decreasing
the reliability of findings. The current study addresses prior
limitations by utilizing a novel, trifold approach. Specifically, we
refine four canonical tasks that collectively assess inhibitory
control; leverage confirmatory factor analysis to extract a latent
construct of inhibitory control across the tasks; and examine
associations of this inhibitory control construct with the unique
and shared variances of anxiety and irritability in youth.
Methods: A transdiagnostic sample of 171 youth (M age=

12.79 years, 53% female), including individuals with a primary
diagnosis of an anxiety disorder, disruptive mood dysregulation
disorder (DMDD), or attention deficit hyperactivity disorder
(ADHD), and healthy volunteers, completed four canonical
response inhibition tasks: Flanker (Eriksen, 1995), Stop Signal
Delay (Logan & Cowan, 1984), Antisaccade (Hallett, 1978), and AX-
CPT (Rutschmann et al., 1977). We extracted indices of inhibitory
control from each task: the reaction time difference between
correct congruent and incongruent flanker trials, the stop signal
reaction time (SSRT), percentage of correct antisaccade trials, and
% of correct AX trials - % incorrect BX trials from the AX-CPT task.
Anxiety and irritability symptoms were assessed using the parent-

report Screen for Child Anxiety Related Emotional Disorders
(SCARED; Birmaher et al., 1997) and Affective Reactivity Index (ARI;
Stringaris et al., 2012), respectively.
Results: First, a confirmatory factor analysis with the four task

behavior indices loading onto a single latent construct of
inhibitory control indicated good model fit (CFI=1.00, TLI=1.06,
RMSEA=0.00, CI90=[0-0.10]). Participants’ scores on the inhibitory
control latent variable were extracted. Second, a confirmatory
bifactor model (Cardinale et al., 2019; Kircanski et al., 2018) parsing
the unique and shared variances of anxiety and irritability also fit
the data well (CFI = 0.963, TLI = 0.955, RMSEA = 0.07 CI90 = [0.06-
0.08]). Participants’ scores on anxiety-specific, irritability-specific,
and general (negative affectivity) latent variables were extracted.
Third, associations between the inhibitory control and clinical
constructs were tested. Interestingly, higher negative affectivity
scores, reflecting the shared variance of anxiety and irritability,
were associated with significantly poorer inhibitory control (r =
−0.25, p < 0.001), whereas anxiety- and irritability-specific scores
were not. This association between negative affectivity and
impaired inhibitory control remained significant even after
controlling for co-occurring ADHD symptoms (r = −0.19, p < 0.01).
Conclusions: These results provide novel, transdiagnostic

evidence for inhibitory control deficits underlying the shared
symptom feature of anxiety and irritability – negative affectivity.
The current study highlights an analytic approach in which latent
variable analysis can be leveraged to quantify a ‘pure’ measure of
inhibitory control across a range of tasks that differ in their
behavioral goals, response modality, and context, increasing
statistical power. Such an approach could allow researchers more
broadly to overcome limitations inherent in the use of any one
task to assess a construct of interest. Further understanding of
alterations in inhibitory control in relation to negative affectivity
may inform advances in transdiagnostic treatment for youth.
Keywords: Anxiety, Irritability, Latent Factor Analysis, Inhibitory

Control
Disclosure: Nothing to disclose.

T28. Evidence of Mu-Opioid Receptor-Mediated Anxiolytic-
Like Effect of Oleanolic Acid Acrylate

Prabhakar Polepally, Jordan Zjawiony, Elson Costa, James
Fajemiroye*

Universidade Federal de Goias, Goiania, Brazil

Background: Oleanolic acid acrylate (OAA) obtained by single-
step esterification of oleanolic acid (a naturally occurring
pentacyclic triterpenoid) demonstrated 5-HT1A mediated
antidepressant-like effect and provided an antianxiety-like clue
in our previous study. Here, we specifically evaluate the anxiolytic-
like effect of OAA and the underlining mechanism of actions.
Methods: Acute oral administration of OAA (5, 10 or 20 mg/kg),

buspirone 10 mg/kg or vehicle 10 ml/kg was carried out prior to
the exposure of 7-week-old male and female Swiss mice [Weight=
28 ± 3 g; n = 6 (3 mice per sex) randomly distributed into five
groups] to the 5-min light-dark box (LDB), elevated plus-maze
(EPM), and 1-min rotarod tests (8 rpm). The mechanisms under-
lying OAA effect were evaluated through pharmacological
pretreatments of mice with WAY-100635 (5-HT1A receptor
antagonist) 0.3 mg/kg, naloxone (nonselective opioid receptor
antagonist) 3 mg/kg naloxonazine (mu-opioid receptor antago-
nist) 10 mg/kg or nor-binaltorphimine (kappa opioid receptor
antagonist) 10 mg/kg and competitive radioligand binding assays.
All experimental procedures strictly adhere to the NIH Guidelines
for the Care and Use of Laboratory Animals as approved by the
Ethics Committee of the Federal University of Goiás (protocol
number 104/08). One- or two-way ANOVA followed by Dunnett´ s
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or Bonferroni’s post hoc tests, respectively, were used for multiple
comparisons of treatment groups. Data are expressed as mean ±
SEM with a statistical significance of p < 0.05.
Results: The oral administration of OAA (10 and 20 mg/kg)

and buspirone 10 mg/kg increased the number of transitions [F (4,
25) = 14.3, p < 0.05], and time spent in the light area of the LDB [F
(4, 25) = 15.6, p < 0.05], as well as the number of open arm entries
[F (4, 25) = 4.9, p < 0.05] and time spent on the open arms [F (4,
25) = 13.5, p < 0.05] of EPM, thereby suggesting a reduction in
anxiogenic-like behavior. Non-significant alteration in the first fall
latency [F (4, 25) = 0.1, p < 0.05] and number of falls [F (4, 25) =
1.1, p < 0.05] in the rotarod exclude possible interference of motor
performance in this anxiolytic-like response. The involvement of
mu-opioid receptor in these activities was shown by the
attenuation of the anxiolytic-like property (p < 0.05) of OAA 10
mg/kg by only naloxone and naloxonazine pretreatments in
addition to the preferential binding affinity of this compound
towards mu-opioid receptor (10.3 ± 1.4 nM) as compared to 5-
HT1A (58.8 ± 2.2), kappa (595.4 ± 142.3), and delta (Ki > 1000 nM)
opioid receptors.
Conclusions: Together, OAA reduced anxiogenic behavioral

phenotype and elicited mu-opioid receptor-mediated anxiolytic-
like effect.
Keywords: Oleanolic Acid Acrylate, Anxiety Model, Receptor

Binding, Mu-Opioid Receptors
Disclosure: Nothing to disclose.

T29. Adult Hippocampal Neurogenesis is Required for
Vortioxetine -Induced Prevention of Anxiety/Depression
Relapse Phenotype

Indira Mendez-David*, Abhishek Shah, Jean-Philippe Guilloux,
Laurent Tritschler, Céline Defaix, Romain Colle, Philippe Fossati,
Rene Hen, Alain Gardier, Emmanuelle Corruble, Denis David,
Christine Ann Denny

Universite Paris-Saclay, Chatenay-Malabry, France

Background: Adult hippocampal neurogenesis (AHN) has been
implicated in Major Depressive Disorder (MDD) and also in the
effects of some antidepressants. Vortioxetine (VORT) treatment, a
novel antidepressant which combines serotonin transporter
inhibition with actions at serotonin receptors (5-HT1A, 5-HT1B,
5-HT1D, 5-HT3, 5-HT7), was approved by the FDA in 2013 for the
treatment of adults with MDD. In a previous study, we showed
that after a 3-week withdrawal period VORT treatment protected
against stress reinstatement induced anxiety/depression-like
phenotype. Interestingly, we also demonstrated that VORT
prevented stress -induced decrease in adult hippocampal
neurogenesis (AHN). To investigate the potential cellular mechan-
isms underlying the behavioral effects of vortioxetine, we
evaluated whether changes in AHN hypothesized to be relevant
for antidepressant action. To this aim, using the glial fibrillary
acidic protein (GFAP)-positive neural progenitor cells mouse line, a
genetic model for arresting AHN, we examined whether loss of
neurogenesis in adult mice altered response and prevention of
relapse induced by chronic VORT treatment.
Methods: Four weeks before the start of the corticosterone

(CORT) treatment to induced depression-like behavior and until
the end of the protocol, male GFAP-TK positive mice (TK+) and
their littermates (TK-) were administered with valganciclovir in the
chow to arrest AHN. Then, after 4 weeks of chronic vehicle (VEH)
or CORT, TK+ and TK- were administered with saline (TK+, n = 15;
TK−, n = 16) or VORT (10 mg/kg/day, i.p, TK+, n = 15; TK-, n = 7)
treatment for 4 weeks. Behavioral assays (Elevated Plus Maze
(EPM), the Novelty Suppressed Feeding (NSF), and the Splash Test

(ST)) were then chosen to assay anxiolytic- and antidepressant-like
activity during VORT treatment and then 3 weeks after withdrawal.
Results: Following determination of an emotionality score,

using complementary behavioral analysis of anxiety- and
depressive-like behaviors across the EPM, NSF and ST tests, we
showed that, chronic VORT induced anxiolytic/antidepressant-like
effects (p < 0.01) and protected against corticosterone reinstate-
ment –induced anxiety/depression-like phenotype (p < 0.01) in
both genotype. In the EPM and the ST, ablation of AHN in TK+
mice did not alter both the anxiolytic/antidepressant-like response
induced by VORT and prevention of stress reinstatement (p <
0.01). However, in the NSF, a neurogenesis-dependent paradigm,
chronic VORT treatment induced decrease in latency to feed and
prophylactic effects against stress reinstatement in TK- mice, is
arrested in TK- mice (p < 0.01).
Conclusions: In conclusion, AHN is required not only for VORT

-induced antidepressant effects but also for prevention of relapse.
Keywords: Adult Hippocampal Neurogenesis, Antidepressant,

Relapse, Depression
Disclosure: Denis J. David: Board Member (Spouse)

T30. Reward Circuit (VTA-NAc) Reactivity During Social
Experience, but Not Acute Stress, Predicts Resilience to
Chronic Social Defeat Stress in Mice

Alexander Harris*, Linda Chamberlin, Lisa Kretsge, Daniel
Lowes, Emma Holt, Mitchell Morton, Joshua Gordon

Columbia University/New York State Psychiatric Institute, New York,
New York, United States

Background: Stress can precipitate depression, yet some people
are remarkably resilient in the face of adversity. The neural basis of
how stress leads to depression and why people are susceptible or
resilient remains unknown. The ventral tegmental area (VTA)
and nucleus accumbens (NAc) form a circuit in which stress and
reward processing converge and this circuit has been implicated
in mediating susceptibility and resilience. Here, we tested whether
VTA-NAc activity elicited by a brief social experience or stressor
predicts susceptibility to chronic social defeat stress (CSDS).
Methods: We recorded local field potential and single unit

activity in the VTA and NAc of awake behaving mice as they
engaged in Social Interaction and underwent Acute Restraint
Stress one day before undergoing ten days of CSDS: For Social
Interaction, mice explored a chamber (40 cm x 40.5 cm)
containing an empty enclosure for 2.5 min, then explored the
same chamber for an additional 2.5 min after we introduced a
novel mouse (CD1 male) into the enclosure. For Acute Restraint
Stress, mice were securely restrained for 10 minutes using tapered
plastic film restraint bags prior to placement in 50 ml plastic
conical tubes, modified with breathing holes and a slot along the
top to accommodate the chronic electrodes. For CSDS, CD1 retired
breeder males (Charles River laboratories) were used as aggres-
sors. For 10 days, we placed the experimental mouse in a different
aggressive mouse’s homecage for 10 minutes. The mice spent the
remaining 24 hours across a perforated, transparent divider from
the aggressor. The mice underwent a second Social Interaction
test to assess CSDS susceptibility. We analyzed the neural and
behavioral data using custom MATLAB scripts.
Results: As expected, CSDS yielded groups of susceptible mice

(N = 11), who reduced their social interactions, and resilient mice
(N = 6) who explored at baseline levels. There was no difference
between pre-resilient and pre-susceptible mice in the amount of
time spent exploring a novel mouse before undergoing CSDS.
However, during that social interaction, a lag analysis showed that
VTA activity preceded NAc activity in only in pre-resilient mice
(n = 94 pre-susceptible single units; n = 40 pre-resilient single
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units; bootstrapping significance testing, p < 0.05). Moreover, in
pre-resilient mice, NAc single unit firing rates increased with
proximity to the novel mouse (Wilcoxon sign rank, p < 0.001),
while social interaction did not elicit increases in pre-susceptible
mice (Wilcoxon sign rank, p > 0.05). By contrast, both pre-resilient
and pre-susceptible mice had equivalent LFP and single unit
responses to acute restraint stress. To ask if these identified group
differences in reward circuit physiology could predict, on a mouse
by mouse basis who will develop susceptibility or resilience, we
used machine learning to develop a linear classifier that predicted
resilience with close to 90% accuracy.
Conclusions: These findings lead to the intriguing theory that

while both positive stimuli and acute stress impact NAc
physiology, resilience develops only due to enhanced baseline
neural responses to positive stimuli.
Keywords: Stress Resilience and Susceptibility, Synchrony,

Circuit, Machine Learning, Neural Predictors
Disclosure: Genetika+: Advisory Board (Self)

T31. Network-Based Functional Connectivity Predicts
Response to Exposure Therapy in Unmedicated Adults With
Obsessive-Compulsive Disorder

Tracey Shi*, David Pagliaccio, Marilyn Cyr, Helen B. Simpson,
Rachel Marsh

Columbia University, New York, New York, United States

Background: Obsessive-Compulsive Disorder (OCD) is associated
with alterations in cortico-striato-thalamo-cortical (CSTC) brain
networks. Most resting state functional magnetic resonance
imaging (rsfMRI) studies of OCD have focused on a priori
subcortical (striatal) seeds and reported alterations consistent
with the CSTC model. However, more recent whole-brain rsfMRI
studies examining functional connectivity across large-scale
intrinsic brain networks in unmedicated OCD participants have
revealed broader differences in connectivity involving frontopar-
ietal (FPN), default mode (DMN), and salience (also called ventral
attention; hereinafter SAL/VAN) brain networks. Such findings
suggest OCD pathology may involve an altered functional balance
among these networks, wherein the SAL/VAN might fail to
appropriately “switch” or modulate between the task-positive
FPN and the task-negative DMN. Probing this “triple network”
model may expand our understanding of the neurobiology of
OCD beyond the CSTC model. Yet, prior studies differ on the
direction of relationships among these networks in OCD. To
address this conflict in the literature, we used a whole-brain
network based statistic (NBS) approach in a sample of unmedi-
cated patients to investigate rsfMRI patterns that differ between
adults with OCD and healthy controls and also that predict
response to exposure and ritual prevention (EX/RP) psychotherapy
in OCD patients.
Methods: Unmedicated adults of both sexes with OCD (n = 41)

and demographically-matched healthy participants (n = 36)
completed an MRI scan including two runs of high-resolution
multiband rsfMRI (TR = 850 ms, multiband factor = 6, 2 mm
isotropic voxels = 7 min and 32 s per run). OCD patients were
offered a standardized protocol of twice-weekly EX/RP (17
sessions) administered by a clinical psychologist. Severity of
OCD symptoms was assessed pre-, mid-, and post-treatment by a
trained rater (independent from the treating clinician) using the
Yale–Brown Obsessive Compulsive Scale (Y-BOCS).
Resting state sequences were preprocessed using the Human

Connectome Project pipelines v3.4. Nuisance regression (24 head
motion parameters, 4 average global grayordinate signal para-
meters) and motion censoring (frame-wise displacement > 0.25mm,

DVARS z-score > 3) were performed. All participants had at least 495
frames (7 minutes) of good data after processing.
The brain was segmented into 352 cortical and subcortical

regions using a publicly available CIFTI-space segmentation.
Correlations were calculated between each pair of regions and
Fisher r-to-z transformed. Analyses examined group differences,
including age, sex, and mean framewise displacement (to control
for residual effects of participant head motion) as covariates. NBS
Connectome was used to implement permutation testing to
control for multiple comparisons. Signal extraction using recon-
struction independent components analysis (RICA) isolated two
independent subcomponents (IC1 and IC2) within the component
resulting from NBS.
Analyses examined associations between the ICs and response

to treatment in the OCD group. For each IC, a linear mixed-effect
(LME) model was conducted in R with Y-BOCS scores as a
repeated-measure dependent variable; a random effect for
participant; and fixed effects for age, sex, mean framewise
displacement, time of assessment, component score for the IC,
and the interaction between time and IC score. The IC × time
interaction was the predictor of interest, indicating that the slope
of change in Y-BOCS scores over treatment differed as a function
of baseline resting state functional connectivity.
Results: NBS revealed one component with significantly altered

connectivity in patients relative to controls (p = 0.027). This
component consisted of 23 edges, primarily between regions in the
right SAL/VAN and the cingulo-opercular network (CO, highly
overlapping with the FPN) and DMN. The right middle and superior
temporal gyri formed a hub in this component, with three nodes in
these gyri (all mapped to the SAL/VAN) collectively appearing in 21
of the 23 edges. These edges primarily showed reduced connectivity
in OCD relative to HC participants with negative connectivity in OCD
and near zero connectivity in HC. To characterize these group
differences parsimoniously and minimize multiple testing, we used a
standard signal extraction method (RICA) to reduce the 23 edges
into 2 independent subcomponents.
In the OCD group, LME models tested whether IC1 or IC2 values

predicted the slope of change in Y-BOCS scores across EX/RP
treatment. Lower (more different from controls) IC2 score
significantly predicted greater symptom reduction with EX/RP
(Bonferroni-corrected p = 0.002).
Conclusions: Using a data-driven, whole-brain approach, we

detected altered functional connectivity between regions of the
SAL/VAN and the CO and DMN in unmedicated patients with OCD.
Moreover, greater magnitude of these alterations predicted
greater response to EX/RP. Collectively, these findings support
the triple network model of OCD, which proposes that an altered
balance between task-positive (ventral attention and cingulo-
opercular) and task-negative (default) networks may prevent
attending away from intrusive thoughts or urges to perform
ritualistic behaviors.
Keywords: Resting-State fMRI, Obsessive-Compulsive Disorder

(OCD), Network-Based Statistic (NBS), Salience Network, Ventral
Attention Network
Disclosure: Nothing to disclose.

T32. Disruption of Protein Homeostasis as a Pathogenic
Mechanism in a Subset of Patients With Schizophrenia

Leslie Nucifora*, Harsh Oza, Mark Haft, Koko Ishizuka,
Christopher Ross, Akira Sawa, Frederick Nucifora, Jr

Johns Hopkins University School of Medicine, Baltimore, Maryland,
United States

Background: Despite significant efforts to understand the
genetics of schizophrenia, the underlying mechanisms
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contributing to the disorder are not well understood and likely to
be diverse. Protein aggregation as a pathological process has been
implicated in many brain disorders, but its relationship to
schizophrenia and other mental disorders is less known. In the
present study, we hypothesize that protein aggregation occurs in
a subset of patients with schizophrenia and that this pathological
process can be identified in human biospecimens.
Methods: Prefrontal cortex or superior temporal gyrus from

autopsy brains obtained from the University of Pittsburgh, University
of Texas, and Harvard Brain Banks, and olfactory neurons obtained
from living subjects from the Johns Hopkins Schizophrenia Center
were processed using a fractionation protocol designed to extract
the proteins into insoluble and soluble fractions. Levels of protein
insolubility and ubiquitin reactivity, markers for protein aggregation,
were quantified after SDS-PAGE separation followed by Coomassie
staining and Western blot analysis and normalized to total
homogenate protein. Mass spectrometry was performed in order
to identify the protein composition in the insoluble fraction. Gene
Ontology Enrichment Analysis and Ingenuity Pathway Analysis were
used to assess the potential biological relevance of the detected
proteins in the insoluble fraction.
Results: A subset of patients with schizophrenia showed an

increase in markers for protein aggregation, specifically protein
insolubility and ubiquitination. Mass spectrometry of the insoluble
fraction revealed that cases with increased insolubility and
ubiquitination showed similar pattern of peptide clustering by
principal component analysis. The proteins that were significantly
altered in the insoluble pellet were enriched for processes relating
to axon target recognition as well as nervous system development
and function. Furthermore, protein insolubility was demonstrated
in a subset of patient’s olfactory neurons, providing the potential
for clinical correlations.
Conclusions: This study demonstrates the pathological process

of protein aggregation in a subset of patients with schizophrenia.
Understanding the mechanisms related to protein aggregation in
schizophrenia could lead to a better understanding of the disease
process and novel therapeutic targets.
Keywords: Schizophrenia Subtypes, Schizophrenia (SCZ), Pro-

tein Aggregation
Disclosure: Nothing to disclose.

T33. Schizophrenia-Associated Differential DNA Methylation
in the Superior Temporal Gyrus is Distributed to Many Sites
Across the Genome and Annotated by the Risk Gene MAD1L1

Brandon McKinney*, Christopher Hensler, Yue Wei, David Lewis,
Jiebiao Wang, Ying Ding, Robert Sweet

University of Pittsburgh School of Medicine, Pittsburgh, Pennsylvania,
United States

Background: Many genetic variants and multiple environmental
factors increase risk for schizophrenia (SZ). SZ-associated genetic
variants and environmental risk factors have been associated with
altered DNA methylation (DNAm), the addition of a methyl group to
a cytosine in DNA. DNAm changes, acting through effects on
gene expression, represent one potential mechanism by which
genetic and environmental factors confer risk for SZ and alter
neurobiology.
Methods: We investigated the hypothesis that DNAm in superior

temporal gyrus (STG) is altered in SZ. We measured genome-wide
DNAm in postmortem STG from 44 SZ subjects and 44 non-
psychiatric comparison (NPC) subjects using Illumina Infinium
MethylationEPIC BeadChip microarrays. We applied tensor composi-
tion analysis to extract cell type-specific DNAm signals.
Results: We found that DNAm levels differed between SZ and

NPC subjects at 242 sites, and 44 regions containing two or more

sites, with a false discovery rate cutoff of q = 0.1. We determined
differential methylation at nine of the individual sites were driven
by neuron-specific DNAm alterations. Glia-specific DNAm altera-
tions drove the differences at two sites. Notably, we identified SZ-
associated differential methylation within mitotic arrest deficient
1-like 1 (MAD1L1), a gene strongly associated with SZ through
genome- wide association studies.
Conclusions: This study adds to a growing number of studies

that implicate DNAm, and epigenetic pathways more generally, in
SZ. Our findings suggest differential methylation may contribute
to STG dysfunction in SZ. Future studies to identify the
mechanisms by which altered DNAm, especially within MAD1L1,
contributes to SZ neurobiology are warranted.
Keywords: Epigenetics, DNA Methylation, Postmortem Brain

Tissue, Schizophrenia (SCZ), Auditory Cortex
Disclosure: Nothing to disclose.

T34. Enhanced Event-Related Desynchronization of the Alpha
Rhythm During a Visual Cortical Plasticity Paradigm in
Healthy Individuals and in Patients With Schizophrenia

Abstract not included.

T35. Genetic Variability and Antipsychotic Treatment Effects
on Cognitive Performance in Schizophrenia

Rachael Blackman*, Dwight Dickinson, Daniel Eisenberg,
Michael Gregory, Jose A. Apud, Karen Berman

National Institute of Mental Health, Bethesda, Maryland, United
States

Background: The cognitive deficits that accompany schizophre-
nia are arguably among the most debilitating aspects of the
disease. However, antipsychotic treatments have done remarkably
little to provide robust amelioration of these severe symptoms.
The minimal effects that have been observed in antipsychotic
treatment studies often are confounded by flawed designs (e.g.,
failure to account for practice effects and/or lacking a clear
medication-free comparison condition). In order to address some
of the limitations inherent in prior studies, we assessed the
response to antipsychotic treatment on cognition in individuals
with schizophrenia using a comprehensive neuropsychological
battery in a dual-armed, blinded, cross-over study comparing
monotherapy to placebo treatment. Additionally, we tested how
genetic factors may influence medication effects by examining
whether polygenic scores for cognitive ability relate to variation in
treatment-mediated changes in cognitive performance.
Methods: Seventy-one inpatients (mean age = 29.8 +/− 8.6

years, 23 women) with schizophrenia (n = 64) or schizoaffective
disorder (n = 7) participated in a blinded, cross-over study during
which they were carefully observed on the National Institute of
Mental Health schizophrenia research ward at the National Institutes
of Health Clinical Center. Patients received either antipsychotic
treatment monotherapy or placebo for 4-6 weeks and then switched
to the alternative treatment condition after a transition period. Near
the end of each study arm, patients completed a battery of
neuropsychological testing targeting general intelligence, working
memory, episodic memory, and verbal fluency. The effects of
antipsychotic medication as compared to placebo on performance
were examined using separate GLM analyses for each cognitive test.
A subset of the study population (n = 38) provided blood samples
for genotyping. Polygenic scores for cognitive ability (PGScog) for
each patient were calculated using summary statistics from a
genome-wide association meta-analysis of general cognitive ability
(Sniekers et al., 2017). The association between patients’ PGScog and
their medication-related changes in cognitive performance were

ACNP 59th Annual Meeting: Poster Session II

188

Neuropsychopharmacology (2020) 45:170 – 277



estimated, controlling for ancestry. Additionally, the relationship
between change in cognitive performance and chlorpromazine
equivalents (CPZE) was also tested. Results with a p value of <0.05,
uncorrected for multiple comparisons, for any measure are reported.
Results: Changes in performance between medication condi-

tions were not found for any cognitive measure except for story
memory delay, where patients showed worse performance in the
off-medication condition (n = 45, F = 7.02, p = 0.01). A post-hoc
analysis including only patients who received active medication in
the first arm of the study (n = 25, F = 7.29, p = 0.01) bolstered the
position that improved story memory performance during active
treatment was not due to practice effects. No significant influence
of CPZE was observed. Interestingly, genetic predisposition
towards greater cognitive ability (PGScog) influenced the effects
of antipsychotic treatment on cognitive performance in domain-
specific ways: higher PGScog scores were positively correlated
with medication-related performance improvements for verbal list
learning (n = 22, R-squared = 0.27, p = 0.02) and category fluency
(n = 22, R-squared = 0.17, p = 0.03) tasks, but were negatively
correlated for the 3-back working memory condition (n = 38, R-
squared = 0.07, p = 0.04).
Conclusions: Overall, our results support the idea that

antipsychotic medications have limited effects on global cognitive
performance, as only the story memory delay condition demon-
strated an improvement with treatment. The amount of medica-
tions required, as measured by CPZE, did not appear to be a
significant determinant of cognitive performance differences
between conditions. An individual’s genetic background, as
measured by PGScog, did relate to performance changes for
some measures. These data suggest that genetic variability may
offer valuable information when assessing treatment response
during development and testing of therapeutics targeted at
ameliorating cognitive deficits in the schizophrenia patient
population. Understanding an individual patient’s genetic back-
ground in conjunction with their cognitive and symptom profiles
may one day inform which treatment(s) might be beneficial.
Keywords: Cognition, Schizophrenia, Antipsychotics, Polygenic

Scores
Disclosure: Nothing to disclose.

T36. The Schizophrenia-Associated Variant in SLC39A8 Alters
N-Glycosylation of Critical Proteins in the Mouse Brain

Robert Mealer*, Sarah Williams, Maxence Noel, Ruslan
Sadreyev, Ed Scolnick, Christina Woo, Richard Cummings,
Jordan Smoller

Harvard Medical School, Massachusetts General Hospital, Boston,
Massachusetts, United States

Background: Multiple glycosylation genes are associated with
schizophrenia through GWAS, including a missense mutation
(A391T) in the manganese transporter SLC39A8. Many glycosyla-
tion enzymes require manganese as a cofactor, and human carriers
of A391T have reduced serum manganese, altered plasma
glycosylation, and brain MRI changes consistent with altered metal
transport. However, the molecular connection between the A391T
mutation and schizophrenia risk in the brain remains unknown.
Methods: We investigated brain glycosylation changes in a

knock-in mouse model homozygous for the A391T mutation.
Different brain regions (cortex, hippocampus, striatum, and
cerebellum) from male and female mice (N > 4 per group) were
analyzed using MALDI-TOF MS glycomics, RNAseq, and glycopro-
teomics. Statistical analyses between groups was performed using
t-tests while correcting for multiple comparisons on the tran-
scriptome and proteome level.

Results: Mice homozygous for A391T display several changes in
brain glycosylation, with N-linked glycosylation most significantly
impaired. RNAseq analysis showed negligible variation, consistent
with changes in the activity of glycosylation enzymes rather than
gene expression. One third of all detected glycoproteins were
differentially N-glycosylated in the cortex, including members of
several pathways previously implicated in schizophrenia such as
cell adhesion molecules and neurotransmitter receptors.
Conclusions: These findings provide a mechanistic link

between the A391T variant and biochemical changes in the brain,
furthering our molecular understanding of how this validated risk-
allele may contribute to the pathophysiology of schizophrenia. As
many glycosylation deficiencies are treated through oral supple-
mentation with enzymatic precursors and cofactors, brain
glycosylation changes caused by the A391T mutation may be
reversible with manganese supplementation.
Keywords: N-glycosylation, SLC39A8, Schizophrenia (SCZ),

Common Variant
Disclosure: Nothing to disclose.

T37. A Systematic Review and Meta-Analysis of
Pharmacological Interventions for Reduction of Weight Gain
in People With Schizophrenia: 2020 Update

Abstract not included.

T38. The Dorsal Peduncular Cortex is a Cortical Master of
Opioid Withdrawal

Alexander Smith*, Samuel Centanni, Soham Ghoshal, Sohail
Khan, Clementine Fillinger, Danny Winder, Paul Kenny

Icahn School of Medicine at Mount Sinai, New York, New York, United
States

Background: The US is in the midst of an opioid abuse and
overdose epidemic, with over 115 people dying each day from
opioid overdose; this has been declared a public health
emergency. Oxycodone is one of the most prescribed analgesics,
is the first opioid many people experience, and has physiochem-
ical properties that allow it to accumulate in the brain at rates
higher than other opioids, perhaps explaining its
considerable abuse potential. In 2018, 1% of people over age 18
reported abusing heroin in the previous 12 months, whereas 6%
reported abusing prescription painkillers. Approximately 80% of
heroin addicts began by first abusing prescription opioids
(SAMHSA). In the past two decades, a great deal of research
using animal models drug addiction have focused on a small
number of neurobiological systems, most notably the mesocorti-
colimbic dopamine system, and the corticostriatal glutamate
system. While examination of these circuits has been informative
regarding the roles of these systems in motivation and reward, it is
very likely that understudied brain systems and circuitries play a
critical role in driving addictive behaviors.
Methods: We used the iDISCO+ tissue clearing method and

light-sheet microscopy to examine whole-brain c-Fos expression
in male C57Bl6/J mice following either experimenter-administered
saline or oxycodone, as well as following oxycodone self-
administration, extinction training, and cue-induced reinstatement
(N = 6-8/group). The ClearMap Python package was then used to
perform automated cell detection, registration to the Allen Brain
Atlas, and quantification of cell counts throughout the entire
brain. This revealed 39 regions showing significant alterations in c-
Fos expression following acute oxycodone injection, and 33
regions with increased c-Fos following cue-induced reinstatement
of oxycodone seeking. Of these regions, we chose to further study
the dorsal peduncular cortex (DP), a highly understudied structure

ACNP 59th Annual Meeting: Poster Session II

189

Neuropsychopharmacology (2020) 45:170 – 277



that comprises the ventral-most component of the medial
prefrontal cortex (mPFC). We have conducted behavioral experi-
ments in male and female C57, Fos-CreERT2, and MOR-Flox mice,
including optogenetic and chemogenetic investigation of hedonic
responses to oxycodone exposure and dependence. In order to
analyze these behaviors, we used the deep-learning based Python
library DeepLabCut to perform pose-estimation and behavioral
segmentation. To molecularly characterize the DP, we used single-
nuclei sequencing and qPCR. We electrophysiologically character-
ized the DP in male MOR-mCherry mice. Finally, to characterize
direct monosynaptic projections from the DP, we used Fos-
CreERT2 mice to fluorescently ‘tag’ the efferent projections of the
oxycodone-responsive with an AAV expressing the anterograde
tracer Synaptophysin-mRuby. High-throughput analysis of outputs
from the DP was then performed using iDISCO+, light-sheet
microscopy, and the Ilastik machine learning classifier was used to
quantify axons and synapses throughout the brain.
Results: Optogenetic stimulation of ChR2 in the DP produced a

real-time place aversion, and this aversion was blocked by prior
administration of oxycodone. In oxycodone-dependent mice,
ChR2 stimulation of the DP disrupted behavioral responses to
oxycodone injection, and exacerbated naloxone-precipitated
withdrawal. Contrarily, chemogenetic inhibition of the DP blocks
the motivational symptoms of naloxone-precipitated withdrawal.
qPCR analysis of Oprm1 expression showed ~2.5-fold enrichment
in the DP compared to the neighboring infralimbic cortex, and
single-nuclei RNA sequencing shows that Oprm1 expression in DP
neurons is highly overlapping with markers of glutamatergic
neurotransmission, contradicting the canonical belief that opioids
primarily act on GABAergic interneurons in the cerebral cortex.
Furthermore, electrophysiological characterization of MOR(+)
neurons showed that they have relatively depolarized resting
membrane potential compared to neighboring MOR(−) neurons,
showed enhanced Ih currents, and were hyperpolarized by
DAMGO application. High-throughput analysis of outputs of
opioid-responsive neurons in the DP of FosTRAP mice show
dense projections to hindbrain regions known to regulate pain,
stress, autonomic function, and aversion, including the
trigeminal nucleus, parabrachial nucleus (PBN), and rostromedial
tegmentum. Optogenetic stimulation of DP terminals in the
PBN of FosTRAP mice recapitulated the real-time place aversion
of somatic DP stimulation, and additional behavioral studies
on this projection are ongoing. In MOR-Flox mice injected with
AAV-Cre, a dose of oxycodone that is rewarding in control groups
results in development of conditioned place aversion, rather than
preference, indicating that selectively deleting the µ receptor
from the DP is able to reverse the hedonic valence of opioid
exposure.
Conclusions: These data thoroughly characterize the DP, a

highly novel and unique opioid-responsive cortical region. The DP
shows enriched expression of the µ opioid receptor, and
selectively deleting this receptor in the DP reverses the hedonic
valence of oxycodone, creating aversion rather than reward. Most
interestingly, electrophysiological and single-nuclei sequencing
data indicate that this receptor is expressed on glutamatergic
output neurons, and anatomical tracing experiments show these
neurons projecting to hindbrain regions known to be implicated
in addiction and stress responses.
Keywords: Opioid Addiction, Prescription Opioids, Opioid

Dependence, Pharmacotherapy, Animal Model, Withdrawal
Disclosure: Nothing to disclose.

T39. Withdrawal From Chronic Alcohol Exposure Dysregulates
the Cortical Phosphoproteome in Rats

Luis Natividad*, Nam-Kyung Yu, Jolene Diedrich, Sung-Kyu
Park, Marisa Roberto, John Yates III

The University of Texas At Austin, Austin, Texas, United States

Background: Protein phosphorylation constitutes one of the most
common post-translational modifications in protein biology.
The enzymatic addition or subtraction of a phosphate group
onto nucleophilic residues (serine, threonine, or tyrosine) alters
the structural conformation of molecules, rendering them
active, inactive or otherwise modifying their function. Growing
evidence suggests that chronic alcohol exposure induces
proteome-wide dysregulation in the brain, and here we sought
to bring consensus to potential mechanisms that may mobilize
these systemic changes. In this regard, protein kinases regulate
phosphorylation states, often serving as “molecular switches” that
induce a variety of biological responses, such as changes in
protein signaling.
Methods: The animal studies were conducted with the

approval of the Institutional Animal Care and Use Committee at
the Scripps Research Institute and in accordance with the National
Institutes of Health Guide for the Care and Use of Laboratory
Animals. We broadly examined the cortical phosphoproteome of
male Long-Evans rats made dependent on alcohol via vapor
inhalation procedures consisting of 14 hours of daily alcohol
exposure for 8 weeks (average alcohol blood concentration =
169.1± 13.3 mg/dL). A separate group of rats remained naïve to
alcohol during this exposure period and served as non-exposed
controls. We then dissected the dorsal and ventral regions of the
medial prefrontal cortex (mPFC) 14 days into alcohol withdrawal,
coinciding with the emergence of alcohol-induced cognitive
impairments in our previous assessments. The dual-region
dissection allowed us to compare molecular processes of
cognitive behaviors thought to be functionally distinct in these
brain regions. The mPFC samples were digested into fragment
peptides, labeled with isobaric Tandem Mass Tags for quantitation
and enriched for phosphorylation. A separate study utilized similar
quantitative approaches, but without enrichment strategies to
compare molecular processes in total protein levels.
Results: The data revealed the identification of approximately

11,000 phosphopeptides, of which more than half contained
quantifiable spectra. The comparison between alcohol-dependent
and naïve controls (n = 12/group pooled into 3 biological
replicates) revealed 187 significant group differences in phospho-
peptides collected from the dorsal mPFC (P < 0.05). A
kinase enrichment analysis revealed 6 phosphosites in the dorsal
mPFC that were associated with changes in synaptic plasticity (P <
0.01). Site modification of the glutamate receptor, N-methyl D-
aspartate 2B, in the serine-1303 position indicates possible
interactions with calcium/calmodulin-dependent protein
kinase II (CaMK2), and this phosphosite was upregulated 1.3 fold
in dependent rats. In addition, the phospho-motif for CaMK2
(RXXS*) was enriched 2.6-fold (77 matches) over background in a
consensus sequence analysis. Preliminary analyses of the
dorsal and ventral mPFC proteome demonstrate a commonly
upregulated kinase, adenylate kinase 1, that was enhanced 2.1-
fold in dependent rats. A neuropathic role for this kinase
involved in the hyperphosphorylation of Tau proteins suggests
that chronic alcohol exposure may result in the induction of
molecular signaling networks associated with neurodegenerative
disorders.
Conclusions: These findings suggest that the mechanisms

regulating phosphorylation states are dysregulated in alcohol
dependence and may contribute to hyperphosphorylated tone in
the mPFC during a period of increased susceptibility to alcohol
relapse. Follow-up work is exploring the functional relevance of
these target kinases against the cognitive-impairing effects of
alcohol withdrawal.
Keywords: Phosphoproteomics, Kinases, Alcohol Withdrawal
Disclosure: Nothing to disclose.
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T40. Shank3-Mediated Glutamatergic Synaptic Function was
Altered in the Prefrontal Cortex After Heroin Abstinence

Zi-Jun Wang*, Jennifer Schieber, Ben Rein, David Dietz, Zhen
Yan

University of Kansas, Lawrence, New York, United States

Background: Drug addiction is defined as a chronic and relapsing
disease, which is characterized by compulsive drug seeking and
episodes of relapse despite prolonged periods of abstinence from
the drug. Addiction is associated with neuroplasticity in the
corticostriatal brain circuitry. The malfunction of glutamatergic
projecting neurons from the prefrontal cortex (PFC) to subcortical
regions (such as nucleus accumbens and ventral tegmental area)
could constitute the pathological impairments in the ability to
control drug-seeking behavior. However, the molecular mechan-
isms for the heroin abstinence-induced neurobiological adapta-
tions in the PFC are still unclear. Evidences have shown that
activation of glutamatergic system attenuates the heroin-seeking
behavior. To understand the glutamate receptor-involved
mechanisms for heroin addiction, we measured genes expression
of glutamate receptor subunits Grin1, Grin2a, Grin2b, Gria1 and
Gria2, as well as the scaffolding protein Shank3 (that modulates
the glutamate receptor homeostasis) in the prelimbic cortex after
abstinence from heroin self-administration (SA). In addition, we
also assessed glutamatergic synaptic function by measuring the
NMDA receptor-mediated synaptic currents in the layer V
projecting neurons after heroin abstinence.
Methods: Mice underwent 10 days of saline or heroin SA (50 ug/

kg/infusion, 2 h/session). 14 days after the last SA session, animals
were sacrificed for the determination of gene expression by real-time
PCR and NMDAR-mediated excitatory post-synaptic currents (EPSC)
by electrophysiology in the prelimbic area of PFC. We found that
Shank3 gene was altered after heroin abstinence. To examine
whether Shank3 plays a role in heroin-related behavioral effects, we
assessed heroin sensitization (1.25 mg/kg, s.c., 10 days) in Shank3-
deficient mice (C-terminal deletion, Shank3+/ΔC). Locomotion was
recorded for 1 h every other day; 14 days after the last injection, mice
were given a heroin challenge test (1.25 mg/kg) and locomotion was
recorded for 1 h. Statistical significance was determined by t-test or
ANOVA followed by post hoc Bonferroni test.
Results: Mice from heroin SA group had significant more active

responses (N = 8-9/group, F(1,15) = 4.712, P < 0.0001, two-way
rmANOVA) and infusions (F(1,15) = 14.3, P = 0.0018, two-way
ANOVA) than saline group. Moreover, Shank3 mRNA level was
significantly lower in the prelimbic cortex of animals that underwent
14-day abstinence from heroin SA, comparing to saline controls (N =
4/group, t(6) = 3.3, P < 0.01, t-test). In the meantime, the
transcriptions of glutamate receptor subunits were intact. Additionally,
comparing to saline group, NMDAR-EPSC amplitudes were dimin-
ished after heroin abstinence (N = 8 cells from 3 mice/group, t(14) =
2.529, P = 0.0241, t-test), which is associated with decreased Shank3
gene expression. Furthermore, we found that Shank3+/ΔC mice,
which have diminished NMDA-EPSC amplitudes in the PFC, had
significantly higher locomotor activity than wild-type (WT) mice (N =
6-7/group, F(5,55) = 4.0, P < 0.01, two-way rmANOVA). During the
heroin challenge test, Shank3+/ΔC mice showed greater total
distance travelled than WT mice (N = 6–7/group, F(17,187) = 4.5,
P < 0.001; two-way rmANOVA).
Conclusions: In conclusion, these data suggest that decreased

Shank3 in the PFC after abstinence from repeated heroin exposure
may contribute to the molecular mechanisms of impaired
glutamatergic synaptic function, which results in the vulnerability
for later on heroin relapse.
Keywords: Medial Prefrontal Cortex, Heroin, Shank3, NMDA

Glutamate Receptors
Disclosure: Nothing to disclose.

T41. Fentanyl Abstinence Causes Neuron Subtype Specific
Structural and Molecular Changes in the Nucleus Accumbens

Megan Fox*, Andreas Wulff, Cali Calarco, Makeda Turner,
Heather Brewer-Scotti, Ramesh Chandra, Michel Engeln, Seth
Ament, Mary Kay Lobo

University of Maryland School of Medicine, Baltimore, Maryland,
United States

Background: Opioid abuse has risen dramatically over the last
decade. Potent, synthetic opioids like fentanyl are responsible for
nearly half of opioid-related deaths, yet synthetic opioid abuse
remains broadly understudied. Opioids, like other drugs of abuse,
engage and alter dopaminergic circuitry to promote continued
use and eventual relapse. Neurons in the Nucleus Accumbens
(NAc) play a key role in drug abuse and receive dopaminergic
input from the midbrain. NAc medium spiny neurons (MSNs)
express either dopamine D1 or D2 receptors, and manipulation of
their activity can oppositely regulate drug-related behaviors. Drug-
related plasticity in NAc is mainly driven by molecular and
structural changes to MSNs, but how synthetic opioids alter
specific MSN subtypes remains understudied.
Methods: Male and female mice were given fentanyl in the

homecage for 5 days (10 µg/mL in drinking water), after which they
underwent 10 days of abstinence. We assessed stress-like behaviors
with social interaction and elevated plus maze testing in both sexes
and assessed increased stress-susceptibility in males with an acute
social stressor. To characterize structural plasticity in NAc MSNs, we
used a dilute, Cre-dependent eYFP virus to sparsely label D1- and D2-
MSNs in D1- and A2A-Cre mice, respectively. To profile molecular
changes and identify molecular mechanisms of cell-type specific
dendritic remodeling, we used D1- or A2A-Cre mice crossed with
RiboTag mice to isolate ribosome-associated mRNA in specific cell
types after fentanyl abstinence. We performed RNA sequencing of the
D1- and D2-MSN translatome, followed by weighted correlation
network analysis (WGCNA). We then further validated genes identified
by RNAseq with Nanostring.
Results: Both male and female mice exhibit increased social-

withdrawal and stress-like behaviors after fentanyl abstinence.
Stress-like behaviors after abstinence were associated with
reduced dendritic complexity of NAc D1-, but not D2-MSNs. Using
WGCNA, we identified 11 MSN subtype specific gene networks
altered by fentanyl abstinence, including a cluster of transcrip-
tionally co-regulated dendritic morphology genes downregulated
exclusively in D1-MSNs.
Conclusions: Together, our findings indicate that fentanyl

abstinence generates increased stress-like behaviors that are
associated with unique structural and molecular changes in NAc
D1-MSNs. Our ongoing work aims to test the causal role of our
identified gene networks in both behavior and structural
adaptations after fentanyl abstinence.
Keywords: Fentanyl, RNAseq, Nucleus Accumbens, Medium

Spiny Neurons, Abstinence
Disclosure: Nothing to disclose.

T42. Ibudilast for the Treatment of Alcohol Use Disorder: A
Randomized Placebo-Controlled Experimental Study

Erica Grodin*, Lara Ray

UCLA, Los Angeles, California, United States

Background: Ibudilast, a neuroimmune modulator which non-
selectively inhibits phosphodiesterases (PDEs) and macrophage
migration inhibitory factor, shows promise as a novel alcohol use
disorder (AUD) pharmacotherapy. However, the mechanisms of
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action underlying ibudilast’s effects on the human brain remain
largely unknown. Therefore, the current study explored ibudilast’s
efficacy of improving drinking outcomes and attenuating neural
reward signals in individuals with AUD.
Methods: Fifty non-treatment-seeking men and women with

AUD were randomized to receive ibudilast (n = 23; 16M/7F; age =
34.13 ± 9.30) or matched placebo (n = 27; 17M/10F; age = 31.41 ±
7.75). Participants completed a two-week daily diary study during
which they filled out daily reports of their past day drinking,
mood, and craving (ClinicalTrials.gov identifier: NCT03489850).
Participants completed an fMRI alcohol cue-reactivity paradigm
half-way through the study (Day 8). The number of heavy drinking
days (HDD; ≥5 drinks/day for males, ≥4 drinks/day for females)
were calculated over the study period. A set of generalized
estimating equations with compound symmetric structure were
run to account for repeated measures of drinking. A general linear
model was used to evaluate the effect of medication on alcohol
cue-elicited ventral striatal activation, which was selected a priori
as the region of interest.
Results: Ibudilast, relative to placebo, reduced HDD across

time (OR = 0.55, p = 0.04). Ibudilast also attenuated alcohol cue-
elicited activation in the ventral striatum compared to placebo
(F(1,44) = 7.36, p = 0.01). Reward-related activation in the ventral
striatum predicted subsequent drinking in the ibudilast group
(F(1,40) = 6.85, p = 0.01), such that individuals who had
attenuated ventral striatal activation and took ibudilast had the
fewest number of drinks per drinking day in the week following
the scan.
Conclusions: This is the first study to evaluate the effects of

ibudilast, a neuroimmune modulator, on drinking outcomes in a
clinical sample with AUD. Together, these findings extend
preclinical and human laboratory studies of the utility for treating
AUD and suggest a biobehavioral mechanism through which
ibudilast acts, namely, by reducing the rewarding response to
alcohol in the brain leading to a reduction in drinking. This is a
critical proof-of-mechanism whereby modulation of neuroimmune
signaling via ibudilast’s inhibition of PDEs reduced ventral striatal
excitability to salient alcohol cues.
Keywords: Alcohol and Substance Use Disorders, Ibudilast,

Neuroimmune Mechanisms, Alcohol Use Disorder - Treatment
Disclosure: Nothing to disclose.

T43. An Integrated Multimodal Model of Alcohol Use Disorder
Generated by Data-Driven Causal Discovery Analysis

Eric Rawls, Erich Kummerfeld, Anna Zilverstand*

University of Minnesota, Minneapolis, Minnesota, United States

Background: Alcohol use disorder (AUD) has a lifetime prevalence
of nearly 30%, with 14.4 million adults in the US currently in need
of treatment. Despite treatment, 50-80% of individuals relapse
within a year. Mechanisms underlying recovery are still not very
well understood, specifically how multifactorial causes may be
driving this disease. The recent emergence of publicly available
large datasets with broad phenotyping and high-quality neuroi-
maging data allows for a new approach of testing traditional
addiction models, which generally propose that the maintenance
of addiction can be explained through a handful of mechanisms.
Here, we develop a multivariate model of AUD by leveraging a
recently developed data-driven machine learning framework to
model causal factors underlying AUD.
Methods: In the current study, we leveraged the deep behavioral

and psychiatric phenotyping and high-resolution neuroimaging data
from the Human Connectome Project (HCP; N = 926; 54% male,
mean age = 29 yrs; alcohol abuse or dependence: 22%), using AUD
symptom count as our primary outcome variable. We selected all

available self-report, diagnostic and behavioral measures assessing
cognition, emotion, social function, psychiatric dysfunction and
personality (100 in total). We applied exploratory factor analysis
(EFA) to parse phenotypic measures into a set of underlying
constructs, using Monte Carlo permutation analysis to determine
statistically significant factors. We analyzed resting-state functional
connectivity by parcellating the whole brain data into 718 parcels
(Cole-Antecevic parcellation) and then computing within-network
connectivity within 12 resting-state large-scale brain networks. We
then employed data-driven causal discovery analysis (CDA) to
generate an integrated model relating phenotypic factors, functional
network connectivity, and AUD symptoms. The particular CDA
method we applied, Greedy Fast Causal Inference (GFCI; Ogarrio et
al., 2016), uses conditional dependence relations to discover when
unmeasured variables confound the relationships between measured
variables, making this method particularly powerful for real-world
datasets that cannot capture every possible variable of interest. We
conducted a stability analysis for the estimated causal graph by
resampling 95% of the sample without replacement with 1000
repetitions (jackknifing). Recovered edge weights from Structural
Equation Modeling (SEM) were presented overlaid on the GFCI graph.
Results: EFA extracted a set of 18 data-driven factors that

represented the wide phenotypic space measured in the HCP
dataset. CDA then produced the 30-factor Integrated Multimodal
Model of AUD (IMMAUD), which highlighted a multivariate set of
causes of AUD, including multiple cognitive, affective, personality,
and psychiatric factors, as well as brain network connectivity
patterns (12 networks). We found that brain network connectivity
measures and phenotypic factors largely separated into two
interconnected separate clusters. Brain connectivity intersected
with phenotypic variables in a link between fronto-parietal
connectivity and fluid cognition. From this point, causal influences
propagated from fluid cognition to more specific cognitive
measures, including working memory and delay discounting.
Lower cognitive scores in turn caused lack-of-agreeableness and
lowered social support, which were causally linked to negative
affect, internalizing and lack-of-conscientiousness. All of these
causes were fully mediated by the sole direct cause of AUD
symptoms, externalizing symptoms. A limitation of the used
dataset was that approach behavior was not very well character-
ized, and its role could hence not be described.
Conclusions: Our data-driven model, IMMAUD, provides

evidence for a multivariate set of causal pathways underlying
AUD. The 30-factor model proposes a hierarchy with causal
influence propagating from brain function to cognition to social to
affective/psychiatric function and ultimately AUD symptoms.
These results underscore that traditional addiction models need
to be expanded to highlight the importance of social factors,
amongst others. Importantly, the model demonstrated that
different pathways exist, which may involve different individuals
to different degrees and may hence be targeted separately in
personalized treatment approaches. As a consequence, IMMAUD
suggests several potential treatment targets for AUD, including
neuromodulation of the fronto-parietal network, cognitive/affec-
tive interventions, and comorbidity-based interventions.
Keywords: Alcohol Use Disorder, Causal Modeling, Big Data
Disclosure: Nothing to disclose.

T44. Addiction Symptomatology Desensitizes Arousal
Response During Impulsive Decision-Making in Opioid Users

Silvia Lopez-Guzman*, Jamie Fried, John Messinger, Nidhi
Banavar, John Rotrosen, Paul Glimcher, Anna Konova

Universidad del Rosario, School of Medicine, Bogota DC, Colombia

Background: High craving states and increased anxiety are
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proximately tied to the decision to seek and consume drugs. In
the context of patients with Opioid Use Disorder (OUD) under-
going treatment and intending to reduce their use, this decision
implies a risk of relapse, treatment dropout, or even overdose.
How can we identify those states in time to act in a preventive
manner? Clinical efforts to reduce and prevent relapses are
thwarted at least in part by the subjectivity in standard measures
used to assess these prodromal symptoms. One alternative is to
turn to more objective psychophysiological measures of these
states. In this study, we investigate the relationship between a
widely used objective measure of arousal (skin conductance
response) and impulsive decision-making at different levels of
symptom severity in a group of opioid users receiving medication
for OUD (MOUD).
Methods: We worked around the methadone schedule of 38

individuals (2 female) under MOUD treatment who endorsed
recent craving symptomatology. Participants completed 2 ses-
sions – one before their daily methadone dose and one after
(order randomized). In each session, we assessed craving, with-
drawal, and anxiety via self-report using validated questionnaires,
then asked participants to complete a delay discounting task
while skin conductance response (SCR) was measured.
Results:We found SCR to be significantly greater during trials in

which subjects made a less as compared to a more impulsive
choice in post-methadone (n = 17, p < 0.05) but not pre-
methadone sessions. In post-methadone sessions only, anxiety
modulated SCR by increasing it during more impulsive choices
and decreasing it during less impulsive choices (n = 17, p < 0.05).
Craving relationship to SCR was differential depending on choice:
intensity and episode length were negatively correlated with SCR
during impulsive choices (Spearman rho = −0.626 and -0.661
respectively, p < 0.05, n = 15) but positively correlated with SCR
during less impulsive choices (Spearman rho=0.777 and 0.759
respectively, p < 0.05, n = 15). Overall more impulsive individuals
showed lower SCR during less impulsive choices (Spearman rho =
−0.719, p < 0.05, n = 17).
Conclusions: OUD symptomatology interacts with the relation-

ship between impulsive choice and arousal, desensitizing an
individual’s arousal response to less impulsive choices when
craving and anxiety are high. This result has potentially interesting
implications for designing better strategies to aid in detection of
symptomatology exacerbation, especially when this may be
conducive to more impulsive decisions to resume drug use.
Further elucidation of the physiological relationship between
craving, anxiety and decision-making could help understand,
predict, and prevent relapse in OUD.
Keywords: Delay Discounting, Skin Conductance Response,

Opioid addiction, Anxiety, Craving
Disclosure: Nothing to disclose.

T45. Morphine Evokes a Neuroimmune Response in Healthy
Volunteers

Eric Woodcock*, Gustavo Angarita-Africano, David Matuskey,
Jim Ropchan, Nabeel Nabulsi, Yiyun Huang, Ansel Hillmer,
Richard Carson, Kelly Cosgrove

Yale University, New Haven, Connecticut, United States

Background: There is tremendous need to investigate novel
treatment targets for opioid use disorder (OUD), such as the
neuroimmune system. In preclinical studies, opioid administration
reliably evokes pro-inflammatory responses in the periphery and
brain. These pro-inflammatory responses have been shown to
influence appetitive (e.g., craving and opioid-seeking) and
dysphoric (e.g., pain and withdrawal symptoms) addiction
processes and thus, may contribute to the development of OUD

and/or perpetuate continued opioid use among OUD patients. In
this paradigm development pilot study, we investigated the
neuroimmune effects of acute opioid administration using
Positron Emission Tomography (PET) imaging with [11C]PBR28, a
radiotracer that binds to the 18kDa translocator protein (TSPO), a
marker sensitive to immune stimuli. We hypothesized that opioid
administration would increase whole-brain TSPO availability and
pain tolerance on the Cold Pressor Task.
Methods: Healthy individuals with prior medical opioid

exposure (N = 4; 3M; 2 ‘high-affinity’ binders; Age=30 years
[range = 26–38]; BMI = 26.5 [range = 24–30]) completed two 120-
minute [11C]PBR28 PET scans in one day: before and 2-hours after
intramuscular morphine administration (0.07mg/kg). Arterial
blood was acquired to measure the metabolite-corrected input
function. Volumes of distribution (VT), i.e., TSPO availability, were
calculated in 10 regions of interest (ROIs) using multilinear
analysis–1 (MA-1; t*=30). Regional [11C]PBR28 VT values were
evaluated using a repeated-measures analysis of variance with
rs6971 genotype as a fixed factor (‘high’ vs. ‘mixed affinity’ TSPO
binders). Subjective, behavioral, and physiological effects were
assayed before and after morphine.
Results: Morphine increased TSPO availability by 28%-39%

across ROIs, F(1,2) = 9.56, p = 0.09, partial η2 = 0.83, ‘very large’
effect. Morphine increased hand withdrawal latency on the Cold
Pressor Task, i.e., pain tolerance, F(1,2) = 3.98, p = 0.18, partial η2
= 0.66, ‘very large’ effect. Morphine decreased systolic and
diastolic blood pressure by 11mmHg and 7mmHg, respectively (ps
< 0.09).
Conclusions: Preliminary findings for this ongoing pilot study

suggest that a side effect of morphine administration is
neuroimmune stimulation. If confirmed, this would be the first
study to demonstrate a mechanistic relationship between opioid
administration and neuroimmune signaling in people, thus
providing initial evidence for a plausible role of the neuroimmune
system in OUD. The morphine dose administered (<6mg) is
comparable to a standard-of-care post-operative analgesic dose.
Epidemiological data indicate that 3-10% of healthy individuals
treated with opioids for management of surgical pain become
long-term opioid users and thus, are high risk for developing OUD.
We hypothesize that opioid-induced neuroimmune signaling
influences the propensity for long-term opioid use and OUD.
The clinical relevance of our findings will be borne out in future
studies which will investigate whether pretreatment with a glial
modulator, e.g., ibudilast, attenuates morphine’s neuroimmune
effects and whether supplementing opioids with glial modulators
after surgery reduces long-term opioid use (i.e., ‘opioid-sparing’
effect) and thus, risk for OUD.
Registered Clinical Trial: NCT03801629
Keywords: Neuroimmune Mechanisms, Opioid Side-Effects,

Opioid Use Disorder, TSPO and [11C]PBR-28 PET, Pain Analgesia
Disclosure: Nothing to disclose.

T46. Psilocybin-Assisted Psychotherapy for Alcohol Use
Disorder: A Randomized Controlled Trial

Kelley O’Donnell*, Sarah Mennenga, Samantha Podrebarac,
Lindsey Owens, Tara Malone, Ursula Rogers, Michael
Bogenschutz

NYU Langone Medical Center, New York, New York, United States

Background: Several lines of evidence suggest that classic
psychedelics (5-HT2A receptor agonists or partial agonists) such
as psilocybin might facilitate behavior change in individuals with
substance use disorders.
Methods: We are conducting a multi-site, double-blind,

randomized controlled trial to assess the effects of psilocybin-
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assisted psychotherapy on alcohol-dependent subjects (n = 96). In
addition to psychotherapy, participants were randomly assigned
to receive psilocybin or diphenhydramine in two dosing sessions
separated by four weeks. In the first dosing session, subjects
received either 25 mg/70 kg psilocybin or 50 mg diphenhydra-
mine. The dose could be increased to as much as 40 mg/70 kg in
the second session, based on response in the first. The duration of
treatment in the double-blind period was 12 weeks, followed by
longitudinal assessment of drinking outcomes and several
potential mediators of treatment effect. The primary outcome
measure will be the change in percent heavy drinking days after
36 weeks.
Results: Data collection is ongoing. The study protocol and

rationale for design decisions will be presented. We will present
baseline data and early results related to the acute effects of
psilocybin in study participants.
Conclusions: This is the largest clinical trial in over 30 years to

study the therapeutic efficacy of a classic psychedelic. We will
report on the safety, tolerability, and acute effects of oral
psilocybin in alcohol-dependent participants. This trial lays the
groundwork for future studies of the efficacy and mechanisms by
which psilocybin-assisted psychotherapy may be clinically useful
in the treatment of alcohol use disorder.
Keywords: Psychedelic Medicine, Psilocybin, Alcohol Use

Disorder - Treatment, Clinical Trial Design
Disclosure: Nothing to disclose.

T47. Consequences of Escalating Oxycodone Self-
Administration on Brain Stress and Reward Function

Jacques Nguyen*, Yanabel Grant, Michael Taffe

University of California, San Diego, La Jolla, California, United States

Background: Nonmedical opioid abuse is a significant global
problem, with an estimated 33 million users of opiates and
prescription opioids worldwide. To characterize how prescription
opioid abuse develops, this study investigated the affective
consequences of escalating prescription opioid use using intra-
cranial self-stimulation (ICSS) reward and oxycodone intravenous
self-administration (IVSA) models.
Methods: Male Wistar rats were implanted with chronic

indwelling catheters and given access to oxycodone IVSA (0.15
mg/kg/infusion, i.v.) in Short Access (ShA; 1 h) or Long Access
(LgA; 12 h) sessions for 5 sessions/week, followed by intermittent
60 h discontinuations from drug access. Another group of rats
were prepared with unilateral electrodes aimed at the medial
forebrain bundle, trained in the ICSS procedure and then in
oxycodone IVSA in 11 h sessions. A separate group of rats were
also given LgA access to oxycodone IVSA for 7 sessions/week or
pretreated with the kappa opioid receptor antagonist, nor-
binaltorphamine (norBNI).
Results: Rats given LgA to oxycodone escalated their respond-

ing more than ShA rats, with further significant increases (p < 0.05)
observed following each 60 h discontinuation. Pre-session brain
reward thresholds increased with sequential daily LgA IVSA
sessions (p < 0.05), consequent to successive daily intoxication/
abstinence cycles. Manipulation of KOR signaling through daily
access or systemic administration of norBNI ameliorated escalation
of oxycodone self-administration and changes in brain reward
function, whereas infusion of norBNI in the central nucleus of the
amygdala resulted in no difference in behavior.
Conclusions: Escalation of oxycodone self-administration is in

part due to intermittent abstinence periods and mediated by
kappa opioid receptor signaling. These data suggest that timing of
medication administration may be a critical factor in setting the
stage for oxycodone addiction.

Keywords: Oxycodone, Long Access Self-Administration, Intra-
cranial Self-Stimulation, Kappa Opioid Receptor Antagonist,
Rodent Models
Disclosure: Nothing to disclose.

T48. Longitudinal Intravenous Self-Administration in Mice
Identifies a Drug Class- and Cell-Type-Specific Role for
β-Arrestin2

Lauren Slosky*, Andrea Pires, Yushi Bai, Nicholas Clark,
Krisztian Toth, Vladimir Pogorelov, Elizabeth Hauser, William
Wetsel, Lawrence Barak, Marc Caron

Duke University, Durham, North Carolina, United States

Background: A major impediment to the identification of the
molecular substrates of addiction and the development of
effective therapeutics has been the lack of animal models that
both recapitulate the clinical presentation of the disorder and are
amenable to genetic engineering. Intravenous (iv) self-
administration is considered the gold standard for modeling drug
abuse-associated behaviors in animals. However, technical limita-
tions have precluded its wide-spread use in mice: the mammalian
species for which the largest numbers of genetics tools are
available. Here, we employ an optimized mouse self-
administration platform that permits the longitudinal assessment
of self-administration acquisition, maintenance, extinction, and
cue-induced reinstatement in the same animal. We apply this
platform both to the study of cocaine and the short-acting opioid
remifentanil. As proof-of-concept, in neuron-subtype-specific
knockout mice, we define the role of the G protein-coupled
receptor (GPCR) regulatory protein β-arrestin2. β-arrestin2 is a
regulator of dopamine receptor signaling, trafficking and desensi-
tization. Critically, β-arrestin2 has been implicated in both human
and animal studies of addiction. Expression of the D1R dopamine
receptor and the D2R dopamine receptor define two largely
mutually exclusive populations of neurons that differentially
regulate motivated behavior. The primary objectives of this study
were to employ a streamlined approach to the assessment of
longitudinal cocaine and remifentanil self-administration in mice
and define the role of β-arrestin2 in D1R- and D2R-expressing
neurons in these behaviors.
Methods: Longitudinal iv self-administration of cocaine and

remifentanil was assessed in mice with selective β-arrestin2
deletion in either D1R-expressing neurons (D1RCre/β-arrestin2f/f,
N cocaine/remifentanil = 34/24) or D2R-expressing neurons
(D2RCre/β-arrestin2f/f, N = 26/26), and in their littermate controls
with intact β-arrestin2 expression (WT, N = 44/36). Groups were
age- and sex-matched. Mice with indwelling jugular catheters
were trained to self-administer either cocaine (0.5 mg/kg/infusion)
or remifentanil (0.1 mg/kg/infusion) paired with a cue light via
lever responding in operant chambers. Mice progressed through 2
lever training and active vs. inactive lever discrimination training
at FR1, FR2 and FR4, as dictated by a contingent advancement
study protocol. Once acquired, stable active lever responding was
assessed at 5 cocaine (0.5, 0.1, 0.3, 1.0 and 3.0 mg/kg/infusion) or 6
remifentanil (0.01, 0.03, 0.1, 0.3, 1, 3 mg/kg/infusion) doses. Dose-
response testing was followed by extinction sessions, in which
cues were withheld and lever responses had no programmed
consequences. After meeting extinction criteria, mice underwent a
cue-induced reinstatement session, in which drug-associated cues
were presented in the absence of drug reinforcement. Two-way
repeated measures ANOVAs were used to assess the effect of FR,
drug dose and genotype on individual behaviors. A factor analysis
was performed to identify latent constructs contributing to
common variance in the datasets.
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Results: Cocaine- and remifentanil-associated lever responding
was acquired, extinguished, and reinstated in all genotypes. WT
mice reached final self-administration acquisition criteria at FR4 in
13.5 ± 3.8 sessions for cocaine and 10.8 ± 1.2 sessions for
remifentanil. 84% and 94% of animals with patent catheters
acquired the behavior for cocaine and remifentanil, respectively.
No significant genotype effects on acquisition were identified,
though there was a trend toward increased time to train for the
D2RCre/β-arrestin2f/f mice in the cocaine paradigm (16.0 ± 5.6
sessions, p = 0.0556). For both drugs, active lever responding was
FR and drug-dose dependent. In the cocaine paradigm, D2RCre/
β-arrestin2f/f mice self-administered ~30% less cocaine at 0.1, 0.3,
and 0.5 mg/kg/infusion doses (p = 0.0086) and exhibited
increased latency to initiate lever responding (p = 0.0199).
D2RCre/β-arrestin2f/f mice performed comparably to controls in
extinction and reinstatement sessions. D1RCre/β-arrestin2f/f mice
could not be discriminated from WT animals at any stage of the
cocaine paradigm, and neither D1RCre/β-arrestin2f/f nor D2RCre/
β-arrestin2f/f mice segregated from controls at any stage of the
remifentanil paradigm. Factor analyses indicated that individual
performance in these paradigms was, in part, a function of two
latent underlying variables we term incentive motivation (compo-
nent 1) and discriminative control (component 2). Component 1
scores of D2RCre/β-arrestin2f/f mice in the cocaine paradigm
differed from both other genotypes (p = 0.0011), suggesting
β-arrestin2 deletion in D2R neurons may selectively impair
cocaine-associated incentive motivation.
Conclusions: IV self-administration acquisition, maintenance,

extinction and cue-induced reinstatement can be systematically
assessed using a within-subjects, longitudinal design in genetically
modified mice. β-arrestin2 in D2R-expressing neurons regulates
self-administration of cocaine but not remifentanil, suggesting
that some cellular mechanisms driving reinforcement differ by
drug class. The application of this self-administration paradigm to
the large and growing number of genetically engineered mouse
strains will allow for detailed studies on the contributions of genes
to addiction.
Keywords: Drug Addiction, Substance Use Disorders, Intrave-

nous Drug Self-Administration, Cocaine, Opioids
Disclosure: Nothing to disclose.

T49. Pharmacological Determinants of D4R-Selective
Antagonist and Partial Agonist Efficacy

Comfort Boateng*, Mimi Pham, Rebekah Placide, Thomas Keck,
R. Benjamin Free, David Sibley, Chun Wu, Amy Newman, Kent
Stewart

High Point University, Fred Wilson School of Pharmacy, High Point,
North Carolina, United States

Background: The dopamine D4 receptor (D4R), a G protein-
coupled receptor, is predominantly expressed in the prefrontal
cortex where it plays important roles in cognition, attention,
decision making and executive function. Novel D4R-selective
ligands have promise in medications development for neuropsy-
chiatric conditions, including Alzheimer’s disease and substance
use disorders (SUD). D4R ligands alter cognition and behavior in
animal models of drug addiction and variations in the DRD4 gene
have been associated with novelty-seeking and risk behavior, as
well as ADHD. A better understanding of D4R-mediated signaling
is essential to understanding and treating D4R-associated
disorders, including SUD. Despite its clinical implications, there
are currently few compounds that selectively modulate the D4R
receptor. Such compounds are important to study D4R function
and identify favorable pharmacology for disease treatment. We
created a small next-generation compound library using

computational modelling to design D4R ligands based on a 2-(3-
(4-(pyrimidin-2-yl)piperazin-1-yl)propyl)benzo[d] thiazole scaffold.
Methods: These novel full- length benzo[d] thiazole derivative

ligands were designed using computational modelling. Ligands
were synthesized using commercially available intermediates
reacted with bis(2-chloroethyl)amine HCl, in diethylene glycol
monoethyl ether under reflux conditions, by a nucleophilic
substitution reaction with substituted-pyridin-2-amine. Alkylation
of the substituted phenyl piperazine moiety with the benzo[d]
thiazole compound moiety delivered the target final compounds,
which were purified and analytically characterized by CHN
combustion analyses performed by Atlantic Microlab, Inc.
(Norcross, GA). Compounds in vitro binding affinities were
determined using [3H]N-methylspiperone radioligand binding in
membranes prepared from HEK293 cells expressing dopamine D2-
like receptors (D2R, D3R, or D4R). These binding studies were
coupled with functional studies analyzing β-arrestin recruitment
and inhibition of cAMP accumulation. We further calculated in
silico brain penetration using central nervous system multi-
parameter optimization of chemical features (CNS MPO) and also
performed Caco-2 membrane permeability tests of selected D4R
compounds.
Results: To identify new D4R-selective ligands, and to under-

stand the molecular determinants of antagonist efficacy at D4R,
we synthesized and characterized a series of sixteen novel ligands
based on the D4R antagonist parent compound. Compounds were
profiled using radioligand binding competition assays, β-arrestin
recruitment assays, cAMP inhibition assays, and computational
modeling. We identified several novel D4R-selective compounds
(Ki ≤ 21.2 nM and >100-fold selective vs. other D2-like receptors)
with diverse partial agonist and antagonist profiles. Compounds
were predicted to be brain penetrant, with calculated CNS MPO
scores of ranging 4.5-5.8 for representative compounds (6-point
score, with scores > 4 indicating brain penetration). Compounds
are expected to be membrane permeable based on the
experimental display of the apical-to-basolateral permeability of
27 × 10-6 cm/s for the selected compound CAB-01-019 in the
Caco-2 assay.
Conclusions: These compounds highlight receptor-ligand

interactions that control efficacy at D2-like receptors. The chemical
series includes both partial agonists and antagonists that are
selective for D4R with diverse efficacy and are expected to have
brain permeation based on parameter calculations and perme-
ability measurements. The results provide further exploration of
D4R in drug discovery leading to a better understanding of the
role of receptor subtype in neuropsychiatric disorders such as
SUD. Future studies will evaluate these analogues in in vivo
behavioral studies to provide insight into D4R-targeted drug
discovery for SUD, and contribute to the current state of
knowledge of D4R functions within the brain.
Keywords: Dopamine D4 Receptor, Antagonist Ligands, Partial

Agonist Ligands
Disclosure: Nothing to disclose.

T50. Substantia Nigra Pars Reticulata GABA Neurons: Newly
Identified Targets Involved in Heroin Self-Administration and
Relapse

Ewa Galaj*, Guo-hua Bi, Zheng-Xiong Xi

National Institute on Drug Abuse, Intramural Research Program,
Baltimore, Maryland, United States

Background: Opioids are highly addictive drugs whose misuse
has greatly contributed to the national opioid epidemic. Abuse
liability of opioids, including heroin, has traditionally been thought
to derive from drug rewarding effects that involve GABA-mediated
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disinhibition of dopamine neurons in the ventral tegmental area
(VTA). However, this hypothesis has been challenged by recent
reports that the rewarding effects of opioids rely on stimulation of
mu opioid receptors (MORs) in other brain regions. Notably, the
substantia nigra reticulata (SNr), whose native neurons are rich in
MORs, has been largely ignored in opioid addiction research. The
aim of this study was to dissect the role of SNr GABA neurons in
reward and heroin-driven behaviors.
Methods: Using a highly sensitive RNAscope in situ hybridiza-

tion technique we determined cell-type specific expression of
Oprm1 mRNA, encoding MORs, in the midbrain. Next, in a series of
experiments with male and female vGAT-cre mice (n = 7–8 per
group) and male rats (n = 7–8 per group), we determined the
causal role of SNr GABA neurons in opioid addiction using gold
standard drug self-administration and relapse paradigms com-
bined with transgenic, optogenetic and intracranial microinjection
approaches. The numbers of lever presses during reinstatement
were analyzed with (lever x phase x treatment) ANOVAs and
infusions with (heroin dose x phase x treatment) ANOVAs.
Results: We found that about 46% of SNr GABA neurons

express Oprm1 mRNA, which is in striking contrast to the VTA,
where only 28% of GABA neurons express Oprm1 mRNA.
Optogenetic inhibition of SNr GABA neurons produced rewarding
effects in vGAT-cre mice, as assessed by intracranial self-
stimulation (F11, 154 = 2.71; p = 0.003) and real-time place
preference (F2, 18 = 7.84, p = 0.004). We also found that in vGAT-
cre mice, response-contingent optogenetic stimulation of SNr
GABA neurons reduced heroin reward, as evidenced by compen-
satory increases in heroin self-administration rates (F1, 22 = 9.05;
p = 0.006) and attenuated drug-primed reinstatement of heroin
seeking (F2,10 = 20.96; p = 0.001), suggesting a critical role for
these neurons in opioid reward and relapse. These findings were
corroborated by our additional findings that intra-SNr infusions of
naloxonazine (a MOR antagonist; 0, 2 or 4 µg/0.5 µl/side) produced
similar effects in rats across different doses of heroin (0.0125, 0.025
and 0.05 mg/kg/infusion) (F2, 20 = 6.07; p = 0.009), well beyond
those seen with intra-VTA naloxonazine infusions (F2, 21=3.68, p <
0.03). Lastly, intra-SNr infusions of naloxonazine dose dependently
reduced heroin-primed (F2, 21 = 9.03; p = 0.01), but not cue-
induced reinstatement of heroin seeking in rats, suggesting that
SNr GABA neurons play a role in the acute effects of heroin and
heroin seeking.
Conclusions: Our findings expand our understanding of the

neurobiological mechanisms underlying opioid addiction, point-
ing to SNr GABA neurons as a key player in some aspects of
heroin-related behaviors. While the exact circuitry underlying
heroin self-administration and relapse remain to be fully under-
stood, the rewarding effects of heroin that lead to compulsive
drug taking and seeking appear to depend on both mesolimbic
and nigrostriatal systems. Importantly, our findings also redefine
the primary function of the SNr, which has traditionally been
thought to be restricted to motor processes and Parkinson’s
disease, but now can also be considered to play a significant role
in opiate reward and seeking
Keywords: Opioid Addiction, Substantia Nigra, Drug Relapse,

Mu-Opioid Receptors, Self-Administration
Disclosure: Nothing to disclose.

T51. Circuit-Specific Modulation of Addiction Related Behaviors by
Astrocytes

Michelle Corkrum*, Mark Thomas, Paulo Kofuji, Alfonso Araque

The University of Minnesota, Minneapolis, Minnesota, United States

Background: Traditionally, astrocytes have been considered
support cells of the brain. However, although astrocytes are not

electrically excitable, astrocytes respond to neurotransmitters with
cytoplasmic calcium elevations, which, in turn, can trigger the
release of gliotransmitters to modulate synaptic transmission and
plasticity. Specifically, astrocytes respond to dopamine and
amphetamine with intracellular calcium elevations and mediate
the synaptic regulation induced by dopamine and amphetamine
in the nucleus accumbens, a major reward center of the brain.
The behavioral consequences of astrocyte-mediated ampheta-
mine neuromodulation remain largely unknown. The present
study investigates the role of astrocytes in amphetamine-related
behaviors and tests the hypothesis that astrocytes modulate
behavioral sensitivity to amphetamine.
Methods: Ethics Statement: All animal care procedures were

approved by the University of Minnesota Institutional Animal
Care and Use Committee (IACUC) with compliance to the National
Institutes of Health guidelines for the care and use of laboratory
animals. Amphetamine locomotor sensitization: Male and
female transgenic mice with deficient astrocyte calcium signaling
(IP3R2−/− mice; n = 18; n = 8 males and n = 10 females) and
control wild-type background mice (Black Swiss; n = 16; n = 5
males and n = 11 females) were used for behavioral experiments.
For saline experiments (IP3R2−/− mice: n = 6; n = 3 males and n
= 3 females; Black Swiss mice: n = 6; n = 3 males and n = 3
females). Male and female mice with D1 receptors specifically
ablated in astrocytes, GFAP-D1−/− mice (n = 12; n = 6 males and
n = 6 females;) and GFAP-D1−/− control littermate mice (n = 11;
n = 4 males and n = 7 females) were used for behavioral
experiments. For saline experiments: GFAP-D1−/−mice (n = 13; n
= 6 males and n = 7 females;) and GFAP-D1−/− control littermate
mice (n = 9; n = 4 males and n = 5 females). Mice were ≥ 5 weeks
of age. Amphetamine conditioned place preference: Male and
female IP3R2−/− mice (n = 12; n = 6 males and n = 6 females),
IP3R2−/− control wild-type background mice (Black Swiss; n = 16;
n = 5 males and n = 11 females), GFAP-D1−/− mice (n = 24; n =
12 males and n = 12 females;) and GFAP-D1−/− control littermate
mice (n = 19; n = 7 males and n = 12 females) were used for
behavioral experiments. Mice were ≥ 5 weeks of age. Statistics:
Data are expressed as mean ± standard error of the mean (SEM).
Data normality was tested using a Kolmogorov-Smirnov test.
Results were compared using a two-tailed Student’s t-test or
ANOVA (α = 0.05).
Results:We found that when compared to wild-type mice, mice

with impaired astrocyte calcium signaling (IP3R2-/- mice) demon-
strated attenuated behavioral sensitivity to amphetamine (p >
0.001; 2.5 mg/kg, i.p). The extent of sensitization that occurred
from day 1 to day 5 was also significantly different between the
two groups (p = 0.001). As a control, we investigated the effects of
repeated saline injections on locomotor activity and saw no
differences between groups or days (p = 0.335). Next, we
investigated the role of astrocyte D1-like receptors (D1Rs) on
behavioral sensitivity to amphetamine. There was no significant
difference in behavioral sensitivity to amphetamine with 2.5 mg/
kg i.p. injection in GFAP-D1−/− mice when compared to GFAP-
D1WT mice (p = 0.997); however, there was a difference in acute
locomotor responsiveness to amphetamine when we increased
the dose to 5mg/kg i.p. injection (p = 0.03). We also investigated
the contribution of astrocyte calcium signaling and astrocyte D1Rs
on amphetamine-induced conditioned place preference. We
found that there was no significant difference between IP3R2
−/− mice and wild-type control mice for preference of the
amphetamine-paired environment (p = 0.711). Furthermore, we
found that GFAP-D1−/− mice and GFAP-D1WT mice demon-
strated preference for the amphetamine-paired environment
equally (p = 0.896).
Conclusions: In the present study, we utilized two behavioral

paradigms to elucidate the role of astrocytes in the behavioral
manifestation of the rewarding effects of amphetamine. We found
that astrocytes in the nucleus accumbens core preferentially
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contribute to the acute psychomotor effects of amphetamine, but
not the rewarding effects of amphetamine as measured by
conditioned place preference. The study demonstrates that
astrocytes specifically contribute to the psychomotor enhance-
ment associated with amphetamine administration, as revealed by
attenuated acute locomotor responses to amphetamine in
IP3R2-/- mice and GFAP-D1−/− mice when compared to wild-
type control mice. However, there was no significant effect of
astrocyte calcium manipulation on conditioned place preference.
Importantly, locomotor sensitization and conditioned place
preference target distinct neural circuits for expression of
psychomotor enhancement and place preference. Psychomotor
enhancement is associated with innate limbic and movement
circuits; whereas place preference involves circuits implicated in
learning and memory to associate a specific environment with a
drug stimulus, i.e. the hippocampus. The results indicate that
astrocytes specifically mediate distinct circuits implicated in drug
related behaviors (i.e. locomotor sensitization versus conditioned
place preference). Overall, the present study provides evidence
that astrocytes contribute to the psychomotor effects of
amphetamine and may serve as novel cellular targets for drug
addiction therapies.
Keywords: Astrocyte, Mesolimbic Reward Circuitry, Neural

Circuit and Animal Behavior
Disclosure: Nothing to disclose.

T52. Potassium Channel Regulation of Divergent
Dopaminergic Activity States Impacts Associative Reward
Learning

Barbara Juarez*, Joshua Yee, Avery Hunker, Mi-Seon Kong,
Adriana Mendez, Larry Zweifel

University of Washington, Seattle, Washington, United States

Background: Associative reward learning is an important and
adaptive learning process whereby an organism associates cues
with outcomes. Dysfunction in associative reward learning could
lead to a number of neuropsychiatric disorders such as
substance-use disorder or post-traumatic stress disorder. Under-
standing the regulators of this learning process could lead to
further elucidation of the pathological mechanisms that underlie
these disorders. Highly regulated activity states of ventral
tegmental area dopamine neurons that maintain intact dopa-
mine signaling in the nucleus accumbens are critical for
associative reward learning. A number of intrinsic voltage-
gated ion channels are key regulators of these activity states.
Here, we sought to elucidate how two voltage-gated potassium
channel subunits thought to regulate tonic activity states (Kv4.3)
and phasic activity states (KCa1.1) exert their regulatory action
on the midbrain dopamine activity to modulate associative
reward learning.
Methods: We used a viral-based CRISPR-Cas9 strategy of

mutagenesis to target the coding regions of two potassium channel
subunits: Kv4.3 (sgKcnd3) and KCa1.1(sgKcnma1) of midbrain
dopamine neurons in adult DATiCre mice to create loss-of-
function mutations. Next, we performed patch-clamp electrophy-
siology to confirm functional loss of these ion channel subunits. We
then conducted operant conditioning tasks in control, sgKcnd3, and
sgKcnma1 mice to determine differences in associative reward
learning. Finally, we used fiber photometry to determine alterations
to dopamine signaling in the nucleus accumbens.
Results: Using patch clamp electrophysiology, we found that

loss-of-function mutations in Kv4.3 (sgKcnd3) increased dopamine
neuron firing, suggesting increased tonic activity states, while loss-
of-function mutations in KCa1.1 (sgKcnma1) induced an increase
in firing irregularity, suggesting increased phasic activity states. To

determine if these divergently enhanced activity states differen-
tially impacted associative reward learning, mice underwent
operant conditioning (fixed ratio 1 reinforcement followed by
extinction). We discovered that sgKcnma1 mice have increased
acquisition of the task and slower rates of extinction. However,
sgKcnd3 mice have no changes in acquisition of reinforced
learning yet higher rates of extinction learning. Fiber photometry
recordings revealed distinct alterations to dopamine signaling
between these two groups
Conclusions: Here, we profiled how two voltage-gated

potassium channel subunits, Kv4.3 and KCa1.1, contribute to
dopamine firing and associative reward learning. These models of
hyper-tonic and hyper-phasic dopamine activity states can
elucidate how disrupted dopamine signaling contributes to
dysfunctional associative reward learning.
Keywords: Dopamine, Ventral Tegmental Area (VTA), Associa-

tive Learning, Ion Channels, Fiber Photometry
Disclosure: Nothing to disclose.

T53. Reward Filtering Within a Thalamo-Orbitofrontal Circuit
Governs Learning Rate

Vijay Mohan K Namboodiri*, Taylor Hobbs, Ivan Trujillo-Pisanty,
Rhiana Simon, Madelyn Gray, Garret Stuber

University of California at San Francisco, San Francisco, California,
United States

Background: Many mental illnesses are thought to result from
aberrations in associative learning, such as the learning that an
environment cue or an action is predictive of an upcoming
reward. A simple, yet powerful model for learning that a cue
predicts an upcoming reward is to update one’s predictions of
reward by a reward prediction error (RPE)—the difference
between a received and predicted reward. Even though the bulk
of experimental work into the neuronal mechanisms of
reinforcement learning focus on the mesolimbic dopamine
circuitry and its encoding of RPE, a rich computational literature
argues that the dopamine RPE circuitry cannot operate in
isolation and that the brain likely contains complementary
systems for learning. For instance, reinforcement learning
algorithms have parameters such as learning rate that also
need to be learned within a given environment. A common
consequence of such learning is that the learning adapts to the
properties and statistics of its environment. Any learning
algorithm that optimally adapts to its environment should be
capable of identifying when rewards should have low learning
rates. For instance, setting the learning rate to be near zero can
be highly advantageous to compensate for a slow reduction in
RPE as rewards are learned in a static environment, especially
when rewards are delayed. Thus, a neural signal that “filters out”
a predicted, but delayed, reward will optimize learning. Such a
reward filtering system can also optimize learning by filtering
out a reward when it is presented with other highly salient
stimuli to allocate resources towards the more salient stimuli. It
is unknown whether such a reward filtering system exists in the
brain. Since prefrontal cortical regions such as the orbitofrontal
cortex (OFC) have previously been hypothesized to be involved
in representing cognitive variables related to uncertainty in
environments, we hypothesized that OFC neurons will show
reward filtering to control learning rate of a reward.
Methods: To investigate reward response plasticity in a large

number of individual ventral/medial OFC (vmOFC) neurons during
reward prediction learning, we used two-photon calcium imaging
during a discriminative Pavlovian trace conditioning task in head-
fixed mice (Namboodiri et al., 2019). All experiments were
approved by institutional IACUC.
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This study involved 33 wild type C57/BL6 mice (14 female).
Behavioral experiments were conducted under water deprivation,
in which animals were maintained at ~85–90% of their pre-
deprivation weights. Animals underwent surgery for injection of a
virus causing expression of a calcium sensor (AAVDJ-CaMKIIα-
GCaMP6s) in vmOFC and in some cases, the injection of AAV5-
CaMKIIα-eNpHR3.0-mCherry or the no-opsin control in medial
thalamus, so as to study the effect of its inhibition on vmOFC
neuronal encoding.
Trace conditioning was done exactly as before (Namboodiri et

al., 2019), with an auditory tone (3kHz pulsing tone or 12kHz
constant tone, 75–80 dB) lasting 2s paired with a sucrose reward
(10–12.5%, ~2.5 µL) 1s after tone offset. This reward paired tone
(CS+) was presented randomly interleaved with another tone
(12kHz constant tone or 3kHz pulsing tone, 75–80 dB) that did not
predict reward (CS−). In another experiment, random unpredict-
able sucrose drops were delivered along with random unpredict-
able drops of quinine (1.5–2.5mM) in a 3:1 ratio.
We recorded from a total of more than 7,000 vmOFC neurons

across different experiments with and without the inhibition of
medial thalamic inputs to vmOFC. These neurons were first
clustered based on their responses in trace conditioning to reveal
9 clusters/subpopulations of neurons (Namboodiri et al., 2019).
The reward response of these neurons were analyzed across
different sessions early in learning, late in learning, a session in
which reward probability was reduced to 50%, and a session in
which random unpredicted sucrose and quinine were delivered to
the animals. Data were analyzed across these conditions using
standard statistical approaches.
Results: In this submission, we show using two-photon

calcium imaging that some neuronal subpopulations in the
vmOFC explicitly signal that a delayed reward is a predicted
reward by reversing their reward responses from positive when
reward is not predicted (early in learning) to negative when
reward is predicted (late in learning) (two-tailed p < 10-9 in some
subpopulations). Further, since animals typically prioritize
punishments/aversive stimuli for learning over rewards, when
unpredicted rewards were randomly interleaved with unpre-
dicted presentations of a highly salient aversive stimulus, the
same subpopulations again reversed their unpredicted reward
responses from positive to negative (two-tailed p < 10-9 in some
subpopulations). We propose that such reward response
plasticity filters out rewards that are less salient for learning.
We then show that this activity correlates with behavioral
learning rate on a trial-by-trial basis (one-tailed p < 10-16 for the
whole population). Lastly, we show that medial thalamic inputs
to vmOFC exhibit qualitatively similar plasticity as vmOFC
neurons, and causally control reward filtering in vmOFC.
Conclusions: In conclusion, we show that vmOFC reward

responses control learning rate by filtering out rewards that are
less salient for learning. These results open up the possibility that
the role of medial thalamus and OFC in mental illness is, at least in
part, due to disruptions in setting learning rate.
Keywords: Medial Orbitofrontal Cortex, Orbitofrontal Cortex

(OFC), Pavlovian Conditioning, in Vivo Calcium Imaging, Medio-
Dorsal Thalamus
Disclosure: Nothing to disclose.

T54. A Dorsal Raphe to Nucleus Accumbens Medial Shell
Circuit Underlies Mu-Opioid Receptor Control of Motivation

Daniel Castro*, Corinna Oswell, Eric Zhang, Anthony Guglin,
Mark Rossi, Avery Hunker, Christian Pedersen, Jose Moron-
Concepcion, Larry Zweifel, Michael Bruchas

University of Washington - Seattle, Seattle, Washington, United
States

Background: Overdose deaths involving opioids have sky-
rocketed nationally over the last 10 years. Most highly addictive
opioids preferentially act on mu opioid receptors (MORs). One
major site of MOR action is nucleus accumbens medial shell (NAc).
Here, MOR activation has been shown to enhance the motivation
for both natural and drug rewards. Despite the powerful effects of
MOR activation in NAc on motivated behaviors, the mechanisms
underlying their effects are largely unknown. Here, we sought to
determine where, when, and how MORs mediate motivated
behaviors to better understand how they may become modified
in addictive states.
Methods: Male and female adult (8-16 weeks) mice were used

for all studies. Behaviorally, mice were tested (8-14/group) on a
food intake task in which they were allowed to freely consume
sucrose pellets for one hour. Mice were tested while ad libitum or
after an acute 24 hour food deprivation. When appropriate, more
time-sensitive assays using sucrose pellet dispensers or lick-
ometers were used. Statistically, we used parametric and non-
parametric ANOVAs/t-tests. Effect sizes and confidence intervals
were also calculated to supplement findings. Several mice (3-6/
group) were also used for anatomical and electrophysiological
experiments.
Results: MOR constitutive knockout (p < 0.001) or local

microinjections of a MOR antagonist (p < 0.01) in NAc reduced
food deprived enhancement of intake, but not ad libitum intake.
FISH experiments showed that MORs are predominately expressed
on medium spiny neurons. We crossed Oprm1fl/fl mice with
dynorphin or enkephalin-cre mouse lines to delete receptors from
that particular cell type. Loss of MORs on enkephalin (p < 0.001), but
not dynorphin (n.s.), neurons resulted in decreased hunger-
enhanced intake. We also deleted MORs via local or retrograde
viral injections in NAc. Only retrograde deletion resulted in reduced
hunger-enhanced intake. Retrograde tracing showed labeling in
lateral dorsal raphe nucleus. FISH analyses revealed that MORs are
expressed on more than 50% of lDRN enkephalin neurons. To test
the functionality of this pathway, we injected a MOR rescue virus
directly into DRN of MOR knockout x enkephalin-cre mice. This
selective rescue of MORs was sufficient to restore hunger-enhanced
intake. To further determine whether MORs were specifically acting
on DRN-NAc terminals, we injected the calcium indicator GCaMP6s
into DRN and placed an optic fiber into NAc to measure changes in
fluorescence during food intake. Results show that DRN enkephalin
terminals dramatically reduce their activity at the onset of
consumption (p < 0.001), but only in the food deprived state. This
inhibition is blunted by naloxone. To test the functional role of MORs
on the terminal, we used the light-activated opto-XR oMOR. Initial
tests show that activation of oMOR on DRN-NAc terminals was
sufficient to drive intake. Finally, we used of combination of DREADD
inhibition (p < 0.05), excitation (p < 0.05), cell-type specific caspase
deletion (p < 0.001), and peptidergic deletion of dynorphin (n.s.) or
enkephalin (p < 0.001) to demonstrate that local enkephalin from
NAc D2/enkephalin neurons activate MORs to increase food intake
during food deprived states. We additoinally show, using 1-photon
in vivo microscopy, that a subgroup of local NAc D2/enkephalin
neurons robustly increase their activity just prior to consumption
onset.
Conclusions: These results show that MORs in NAc are

selectively recruited to enhance motivated behaviors by acting
on the terminals of a lDRN projection to NAc shell. Additionally,
these terminal MORs are engaged by locally released NAc
enkephalin. Future studies could evaluate how this system
changes in response to opioid abuse (e.g., fentanyl), or how
motivated systems change in response to chronic pain.
Keywords: Nucleus Accumbens Shell, Endogenous Opioids, In

Vivo Calcium Imaging, Incentive Motivation
Disclosure: Nothing to disclose.
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T55. BNST Intrinsic Connectivity Alterations in Early
Abstinence From Alcohol Use Disorder

Elizabeth Flook*, Brandee Feola, Margaret M Benningfield,
Marisa M Silveri, Danny G Winder, Jennifer U Blackford

Vanderbilt University School of Medicine, Nashville, Tennessee, United
States

Background: The majority of patients in treatment for Alcohol
Use Disorder (AUD) will relapse, representing a significant barrier
to long-term treatment success. One of the leading triggers of
relapse is negative affect, which can persist for months of
abstinence. Negative affect during early abstinence is thought to
result from neuroadaptative brain changes that occur with chronic
alcohol use. Rodent models have identified the bed nucleus of
the stria terminalis (BNST) and connected regions (such as the
amygdala and anterior insula) as critically involved in negative
affect during early abstinence. However, little is known about
whether BNST neurocircuitry is altered during early abstinence in
humans. The goal of this study is to test the hypothesis that BNST
intrinsic connectivity differs during abstinence in individuals with
AUD relative to controls. This study represents a critical step in
translational research, investigating whether important findings
from rodent models translate into humans.
Methods: Twenty individuals with AUD in early abstinence (EA;

9 Female; 30-180 days of sobriety) and twenty healthy controls
(HC; 11 Female) participated in the study. fMRI was used to
measure BNST connectivity during rest. Intrinsic connectivity was
evaluated between the BNST and regions of interest (ROIs) that
have previously demonstrated connectivity with the BNST in
humans and have been implicated in negative affect: amygdala,
anterior hippocampus, anterior insula, hypothalamus, and ven-
tromedial prefrontal cortex. BNST connectivity values were
calculated using the Conn Toolbox in SPM12, and average
connectivity was computed for each ROI. Group differences were
tested using a linear mixed model (lme4) in R with group (EA/HC)
and sex (F/M) as fixed factors; hemisphere of the BNST and ROIs
were included as covariates. Post-hoc analysis was used to
investigate group x sex interactions.
Results: There was a main effect of group for BNST intrinsic

connectivity with the hypothalamus (EA < HC; p = 0.01) and the
anterior insula (EA < HC; p = 0.006). For both of these ROIs, HC
showed positive connectivity with the BNST, which is not seen in
EA. Sex x group interactions were revealed for the amygdala (p =
0.008), anterior hippocampus (p = 0.005), and hypothalamus (p <
0.001). The post-hoc analysis no difference in females (all ps > 0.1),
and decreased connectivity in EA males compared to HC males (all
ps < 0.005).
Conclusions: Our results indicate that BNST intrinsic connectiv-

ity is altered in patients with AUD during abstinence. At rest,
healthy controls showed robust intrinsic connectivity between the
BNST and the BNST network regions, consistent with previous
literature. In the anterior insula and hypothalamus, this con-
nectivity was absent in the EA group, suggesting a critical
alteration in this BNST network during early abstinence. In
addition, these results differed by sex, with preliminary evidence
demonstrating group difference only seen in males. These
sex differences are particularly intriguing as there are known sex
differences in abstinence symptoms in AUD, with females
exhibiting greater levels of negative affect than males. Critical
future directions will be to further investigate the role of individual
differences in negative affect during abstinence, determine
whether BNST intrinsic connectivity changes with longer durations
of abstinence, and prospectively assess whether early BNST
alterations have a functional impact on risk of relapse. A better
understanding of how negative affect and sobriety interact could

uncover novel treatment targets for AUD that help patients
remain abstinent.
Keywords: Alcohol Use Disorder, BNST, Abstinence, Resting

State Intrinsic Connectivity
Disclosure: Nothing to disclose.

T56. Resting State Functional Connectivity Correlates of
Rumination and Worry in Internalizing Psychopathologies

Cope Feurer*, Jagan Jimmy, Fini Chang, Scott Langenecker, K.
Luan Phan, Olusola Ajilore, Heide Klumpp

University of Illinois at Chicago, Chicago, Illinois, United States

Background: Rumination and worry are transdiagnostic forms of
repetitive negative thinking (RNT) that are hypothesized to
represent overlapping and unique cognitive processes. Given
the role of RNT in the development and maintenance of
internalizing disorders, the identification of neural systems
supporting these cognitive processes may provide important
insights into novel neural targets for intervention. Well-established
intrinsic networks (i.e., default mode, salience, executive control,
affective) support processes that are hypothesized to underlie
RNT. Although emerging evidences suggests involvement of
resting-state brain activity in these networks, the majority of
research has focused on resting state functional connectivity
(rsFC) correlates of rumination within the context of depression.
No studies have directly compared rsFC correlates of rumination
and worry, and questions remain whether rsFC correlates of RNT
are also observed across both depression and anxiety. Therefore,
the current study examined relations between rsFC and trait
rumination and worry in a transdiagnostic sample of patients with
internalizing disorders. We hypothesized that RNT would be
associated with rsFC of the default mode, affective, executive, and
salience networks. Additionally, we hypothesized that shared
and unique correlates of rsFC would be observed for rumination
and worry.
Methods: Participants included 80 un-medicated patients

(68.8% female, mean age = 26.93 [SD = 7.90]) with a current
DSM-5 depression or anxiety disorder. Diagnostic comorbidity was
permitted. Resting-state fMRI data was collected, and participants
completed trait measures of worry (Penn State Worry Question-
naire; PSWQ) and rumination (Ruminative Response Scale; RRS).
Regression analyses, controlling for anxiety and depression
symptoms, were performed with seed regions implicated in
default mode (i.e., posterior cingulate cortex), executive (i.e.,
dorsolateral prefrontal cortex [DLPFC]), salience (i.e., dorsal
anterior cingulate cortex), and affective (i.e., amygdala) networks.
To examine shared rsFC correlates of rumination and worry, both
RRS and PSWQ were covariates of interest. To examine unique
rsFC correlates of rumination and worry, RRS was a covariate of
interest controlling for PSWQ and vice versa.
Results: Whole-brain regression results showed that both

rumination and worry were associated with greater positive rsFC
between left amygdala and a cluster (k = 572 voxels, z = 4.25, p <
0.001) primarily composed of left DLPFC and left inferior frontal
gyrus. Conversely, more worry (controlling for rumination) was
uniquely associated with greater negative rsFC between right
amygdala and a cluster (k = 828 voxels, z = 4.27, p < 0.001)
primarily composed of bilateral precuneus. No rsFC correlates
were uniquely associated with rumination (controlling for worry).
Conclusions: Findings indicated that greater rumination and

worry were associated with more positive rsFC between the left
amygdala and a cluster of prefrontal regions implicated in the
executive control network. Additionally, greater worry was
uniquely associated with greater negative rsFC between the right
amygdala and a cluster of regions implicated in the default mode
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network. Results provide preliminary evidence of shared and
distinct rsFC correlates of RNT within the context of internalizing
psychopathologies. Findings have potential implications for
neuromodulation interventions that target prefrontal neural
activity.
Keywords: Resting State Functional Connectivity, Rumination,

Worry, Depression and Anxiety, fMRI
Disclosure: Nothing to disclose.

T57. Establishing a Multi-Modal Psychophysiological Profile in
Healthy Individuals as a Foundation for Understanding
Attentional Preparation and Motivational Processing

Danielle Taylor*, Christopher Sege, Lisa McTeague

Ralph H. Johnson VA Medical Center, Charleston, South Carolina,
United States

Background: Studies of anticipation that probe reflex reactivity
have found sustained startle enhancement during the anticipation
of emotional pictures, but increasing inhibition as neutral picture
onset nears (Sege et al., 2014). Following anticipation, startle
enhancements typically observed during un-cued unpleasant,
relative to neutral, picture viewing (Bradley et al., 2001) are
reduced or eliminated (Sege et al., 2014; Sege et al., 2015) as a
function of predictable cuing. These data demonstrate a pattern of
defensive activation in anticipation and subsequent defensive
regulation during perception, but not how attenuation coincides
with engagement in anticipatory or perceptual processing itself.
The current study tested this using event-related potential (ERP),
heart rate (HR), and skin conductance (SC) data from our prior
investigation (Sege et al., 2014).
Methods: 35 undergraduates (51% male) completed a computer

task. On each trial (60 total), a red, blue, or green rectangle was
presented for 6 secs, followed by a gray-scale International Affective
Picture System (Lang et al., 2008) picture depicting violence,
romance, or an everyday event (20 each by color cue) presented
for 3 secs, and followed by variable inter-trial intervals (12–21 sec).
EEG data were recorded with a 129 channel Electrical Geodesics

system. The stimulus-preceding negativity (SPN), an ERP reflecting
preparatory orienting of attention during anticipation, was
quantified at frontocentral electrodes from 500–1000 ms post-
cue onset. An ERP reflecting picture processing, the late-positive
potential (LPP) was quantified at medial posterior electrode sites
from 400–800 ms post-picture onset.
HR was recorded from 2 Ag/AgCl electrodes on each forearm,

and HR waveforms showed a triphasic response as has been
previously observed. Beats-per-minute responses were converted
to scores for: Early Deceleration (D1; Minimum HR between 0.5–1.5
sec change from baseline); Acceleration (A; Maximum scores
between 3–4 sec deviated from D1); Late Deceleration (D2;
Minimum HR deceleration between 5.5–6.5 sec deviated from
maximum scores between 3–4 sec). Picture Perception scores also
were calculated: Total Deceleration (Minimum HR between 8–9
sec deviated from maximum HR scores between 3–4 sec of the
acceleration period); Deceleration from Picture Onset (Minimum
HR deceleration 8–9 sec post-cue onset minus the mean HR
between 5–6 sec).
SC was collected using 2 Ag/AgCl electrodes on the hypothenar

eminence of the non-dominant hand and change scores were
calculated by subtracting a mean 1 sec baseline from two
Anticipation measurement windows: Early (mean SC 3.5 – 5 sec
post-cue onset); Late (mean SC 5.5 – 7 sec post-cue onset). A
Picture Perception score also was calculated (mean SC 4 – 5.5 sec
post-picture onset minus mean SC 1 – 2 sec pre-picture onset). All
measures were analyzed using a repeated-measure ANOVA, and
significant effects were followed with pairwise comparisons.

Results: The SPN was modulated by cue, F(2,31) = 4.10, p =
0.03, ηp2 = 0.11, such that amplitude was more negative for
pleasant, t(32) = −2.60, p = 0.01, d = 0.45, and unpleasant, t(32)
= −2.30, p = 0.02, d = 0.39, compared to neutral cues, with no
difference between pleasant and unpleasant cues. HR D1 was not
modulated by cue, nor was the acceleration period (ps > 0.05). D2
was modulated by cue, F(2,33) = 3.90, p = 0.03, ηp2 = 0.10,
showing a larger deceleration for unpleasant, t(34) = 2.30, p =
0.03, d = −0.40, and pleasant, t(34) = 2.20, p = 0.04, d = −.40,
compared to neutral cues, but no differences between pleasant
and unpleasant cues. SC was not modulated by cue during early or
late anticipation (ps > 0.05).
During picture viewing, the LPP was modulated by picture,

F(2,26) = 6.60, p = 0.004, ηp2 = 0.20, showing larger amplitude
for unpleasant, t(27) = 3.40, p = 0.002, d = −0.53, and pleasant, t
(27) = 2.80, p = 0.001, d = −0.64, compared to neutral pictures,
and no differences between unpleasant and pleasant pictures.
Total HR Perception Deceleration was modulated by picture, F
(2,33) = 7.40, p = 0.002, ηp2 = 0.18, showing larger deceleration
for unpleasant, t(34) = −3.20, p = 0.003, d = −0.55, and pleasant,
t(34) = −3.10, p = 0.003, d = 0.53, compared to neutral pictures,
and no difference between pleasant and unpleasant pictures.
Picture Onset Deceleration was not modulated by picture, p =
0.37, but SC showed modulation, F(2,35) = 4.30, p = 0.03, ηp2 =
0.11, such that there were larger increases for unpleasant
compared to neutral, t(36) = −2.20, p = 0.03, d = 0.36, and
pleasant, M = 0.05; t(36) = 2.30, p = 0.03, d = 0.37, pictures, and
no differences between pleasant and neutral pictures.
Conclusions: Results indicate sustained affective reactivity

(Sege et al., 2014) coincides with increased preparation of
attentional resources during anticipation, and continued enhance-
ments in attentional and general motivational processing during
picture viewing despite cuing. Increased SPN and HR deceleration
indicate preparatory orienting to anticipated stimuli (Bradley,
2009). Larger LPP amplitudes and HR deceleration during picture
perception suggest motivated responding to emotional cued
pictures. SC was only enhanced during cued unpleasant picture
viewing, however startle reactivity was reduced. These data
document typical attentional and emotional response modulation
via cuing, which will aid in interpreting cognitive and affective
alterations related to psychopathology, and thus, will aid in
determining biological mechanisms to target in treatment.
Keywords: Event-Related Potentials, Skin Conductance

Response, Emotion Perception, Attention
Disclosure: Nothing to disclose.

T58. Neural Correlates, Psychological and Subjective Effects of
Inhaled DMT Experiences: A Field Study in Natural Settings

Carla Pallavicini*, Federico Cavanna, Federico Zamberlan,
Maria Celeste Romero, Laura Alethia De la Fuente, Christopher
Timmermann, Enzo Tagliazucchi

Universidad de Buenos Aires, CABA, Argentina

Background: Psychedelics are known to strongly modify the
conscious experience, making them powerful tools to study the
neurobiology of consciousness. Recently, there has been increas-
ing interest in these drugs as treatments for different ailments,
mostly in depression and other psychiatric conditions. N,N-
Dimethyltryptamine (DMT) presents intense, short-lasting effects,
after which subjects return to normal waking state. This
tryptamine is found naturally in many plants and animals, and
the first records of its use are attributed to Amazonian tribes as
part of a brew known as Ayahuasca. There is evidence that a single
exposure to this beverage can significantly reduce depression
markers for weeks. Few studies to date addressed the neural and
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psychological effects of DMT alone, either administered intrave-
nously or inhaled in freebase form, and none conducted in natural
settings.
Methods: After a thorough exclusion screening of subjects

recruited via social media and word-of-mouth, and screened with
a thorough exclusion criteria. We attended inhaled-DMT ceremo-
nies of 35 participants (7 females), in their choice of environment,
which provides a familiar and comfortable setting, as opposed to a
hospital or laboratory. Combining state-of-the-art wireless electro-
encephalography (EEG) with psychometric questionnaires we
studied the neural correlates, subjective and psychological effects
of the experience. Paired t-tests were used to compare psycho-
metric (before vs. after) and EEG (DMT vs. baseline) and
correlational analyses between EEG features and the scores of
questionnaires were performed using Pearson’s linear correlation
coefficient. We focused on the advantages of conducting field
research, including the effects of contextual factors (set and
setting), the possibility of studying a comparatively large number
of subjects, and the relaxed mental state of participants
consuming DMT.
Results: When comparing spectral power of baseline measure-

ments with DMT, we found significant (p < 0.05) reductions in
the alpha band (8–12 Hz) oscillations throughout all scalp
locations, and increases in the delta band (1–4 Hz) and gamma
band (30–40 Hz) oscillations. The pharmacokinetics of inhaled
DMT was similar to the one reported for intravenous administra-
tion, except for a faster return to baseline for power in the alpha
band. We were able to quantify and compare the subjective
aspects of the experience, and found that 37% of participants
presented a complete mystical-type experience. The subjective
indicators of these types of experiences correlated positively with
gamma power increases (R = 0.51, p < 0.005). We also found DMT
increased global synchrony and metastability in the gamma band,
while decreasing both factors in the alpha band. These results are
consistent with previous studies of psychedelic action in the
human brain, while at the same time suggesting potential EEG
markers of mystical-type experiences in natural settings
Conclusions: We conducted one of the first field studies on the

neural and psychological effects of a serotonergic psychedelic,
yielding new insights and contributing to understanding how
much knowledge obtained in laboratory experiments extrapolates
to the contexts where these compounds are most frequently
consumed.
Keywords: N,N-Dimethyltryptamine (DMT), EEG, Consciousness,

Psychological effects, Natural Setting
Disclosure: Nothing to disclose.

T59. Linked Dimensions of Psychopathology and Connectivity
in Functional Brain Networks

Abstract not included.

T60. Molecular Characterization of The Stress Network in the
Human Brain

Mandy Meijer, Arlin Keo, Judith van Leeuwen, Oleh Dzyubachyk,
Onno Meijer, Ahmed Mahfouz, Christiaan Vinkers*

Amsterdam University Medcal Center, Amsterdam, Netherlands

Background: Stress is a major risk factor for the development of a
wide range of psychiatric disorders, including schizophrenia and
depression. Inter-individual differences in how the brain responds to
stress depend on intrinsic (e.g. genetic and developmental) as well
as on extrinsic (e.g. hormonal) factors. The neural correlates
underlying stress reactivity are currently a growing topic of
investigation. Howevr, the molecular mechanisms underlying

differences in brain reactivity to stress in humans remain unknown
as access to the tissue of interest in humans is limited. Nevertheless,
stress-related brain networks as identified by task-based fMRI
experiments can be further characterized based on transcriptomic
signature by mapping gene expression atlases to identify the
molecular mechanisms underlying imaging phenotypes.
Methods: In this study, we examined the putative molecular

signatures of brain regions linked to stress reactivity. We linked
gene expression data from the Allen Human Brain Atlas (AHBA) to
an fMRI-stress networks. We selected brain regions that were
differentially affected by stress in individuals with high and low
stress sensitivity. Before scanning, participants in the stress groups
underwent a Trier Social Stress Test and 30 minutes after the onset
of the test, participants performed an emotion-processing task in
the magnetic resonance imaging (MRI) scanner based on the
International Affective Picture System.
Gene expression data from six healthy brains were acquired

from the Allen Human Brain Atlas. In this microarray dataset,
probes were mapped to genes as previously described. Z-scores
for normalized gene expression levels from the AHBA were
calculated separately for each of the six individual brains.
Differential expression was determined for the cortical stress
network altogether as one mask. We used a bootstrapping
approach to assess the robustness of our results with respect to
the imbalance between the number of AHBA samples inside and
outside the cortical stress network.
To characterize the functionality of the differentially expressed

genes, a GO enrichment analysis was performed. Moreover, we
assessed whether the differentially expressed genes were
enriched for cell type markers, and whether the differentially
expressed genes are associated to stress-related psychiatric
disorders using a disease-associated gene enrichment analysis
was performed based on existing Genome-Wide Association
Studies (GWAS) including schizophrenia, bipolar disorder, and
major depressive disorder.
Results: Using a meta-analysis approach to combine results

across all donors of the AHBA 9 (n = 6), we identified 201
differentially expressed genes (BH-adjusted p < 0.05). Among
those genes, 177 were higher expressed, while the other 24 genes
were lower expressed in the cortical stress network compared to
the rest of the cortex. Using a bootstrapping approach (see 2.3),
we found the identified set of genes to be highly robust to the
imbalance between the number of AHBA samples inside and
outside the stress network (in 83% of our 1000 iterations, only
genes out of our initial 201 differentially expressed gene list were
found). The two most differentially expressed genes in the stress-
specific cortical regions are Tumor necrosis factor receptor
superfamily member 12A (TNFRSF12A) (BH-adjusted p-value =
0.006, log2(FC) = −0.24) and Exosome Component 6 Pseudogene
(LOC392145) (BH-adjusted p-value = 0.009, log2(FC) = 0.38).
The differentially expressed genes were enriched for GO terms

involved in neuronal development and neurogenesis, synaptic
signal transmission, and glutamate receptor signaling. Genes
involved in most processes based on GO terms include SHANK,
GRIN3A, CNTN4 and ADCYAP1. Enrichment was found for
neuronal cell markers (BH-adjusted p = 5*10-5), mainly enriched
in glutamatergic excitatory neurons compared to GABAergic and
non-neuronal cells (p-value = 2.2*10-16). Using GWAS studies,
enrichment was found for neuropsychiatric disorders (schizophre-
nia, bipolar disorder, and autism spectrum disorder) but not for
non-brain diseases (e.g. osteoporosis) and non-disease traits (e.g.
height and waste-hip-ratio). Differentially expressed genes in brain
the stress network were also enriched for DNA-binding loci of that
(in the rat) for both the GR and the MR.
Conclusions: We identified genes and pathways in the cortical

stress network based on an fMRI-based study involving acute
stress exposure. By combining fMRI data to gene expression data,
we found 201 differentially expressed genes involved in neuronal
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processes and enriched in stress-related psychiatric disorders.
Moreover, the enriched genes included several neuropeptides and
neurotransmitter receptors with regulation by both the GR and
MR and substantial links to HPA-axis activity. This gene set
uncovered by combining human gene expression and neuroima-
ging results give important new insights into the putative neural
populations and mechanisms underlying stress vulnerability in
humans.
We showed that genes possibly underlying stress reactivity are

associated with several neuropeptides and receptors, and this
information is not only important to understand the underlying
mechanisms of stress vulnerability, but can also be used to
develop new drug targets. Therefore, identification of novel drug
targets involved in stress vulnerability would be of great interest
for the development of new therapies in stress-related
psychopathology.
Keywords: Brain Stress, Functional MRI (fMRI), Gene Expression,

Stress Reactivity, Stress and Depression
Disclosure: Nothing to disclose.

T61. Latent Variables for Region of Interest Activation During
the Monetary Incentive Delay Task

Evan White*, Rayus Kuplicki, Jennifer Stewart, Namik Kirlic,
Hung-Wen Yeh, T1000 Investigators, Martin Paulus, Robin
Aupperle

Laureate Institute for Brain Research, Tulsa, Oklahoma, United States

Background: The Monetary Incentive Delay Task (MID) has been
used extensively to probe anticipatory reward processes. How-
ever, individual differences during this task may relate to other
constructs such as general arousal or valence processing (i.e.,
anticipation of negative versus positive outcomes). This study
used a latent variable approach to parse activation patterns during
the MID within a transdiagnostic clinical sample. The current aims
were to extend the utility of the MID by: (1) identifying latent
variables of regional brain activation during anticipation of reward
and loss; and (2) determining if neural factors relate to self-report
factors of positive and negative valence. We employed group
factor analytic (GFA) approaches among the first 500 participants
recruited for the Tulsa-1000 (T1000), a naturalistic longitudinal
study of 1000 individuals, including the MID and several relevant
self-report measures. Factor analytic techniques offer a novel
approach to indexing regional blood oxygenation level-
dependent (BOLD) fMRI responses and disentangling factors of
neural processing. The current study examined activations
corresponding to recent meta-analytic findings of MID anticipa-
tion using Brainnetome atlas regions of interest (ROIs). Further-
more, we examined the potential for latent variables to explain
variability across brain-derived and self-report variables as well as
their relationship to symptoms and/or diagnosis of substance use,
depression, and anxiety disorders.
Methods: Participants were drawn from the first 500 individuals

recruited for the Tulsa-1000 (T1000), a naturalistic longitudinal
study of 1000 people aged 18-55 (n = 476 with MID data). We
employed group factor analysis to characterize factors within and
across variable sets consisting of: (1) region of interest (ROI)-based
blood oxygenation level-dependent (BOLD) contrasts during
reward and loss anticipation; and (2) self-report measures of
positive and negative valence and related constructs. The model
included 248 ROI and 13 self-report predictors (subject to
predictor ratio of 1.82). Previous simulation research utilizing
Bayesian inference to prevent overfitting has demonstrated the
adequate performance of GFA in subject to predictor ratios from
.04 up to 1.07; thus, the current ratio of 1.8 exceeds this
consideration.

Results: Three factors comprised of brain indicators emerged to
predict >43% of variance, which had factor loadings suggesting
they represent (F1) general arousal or global task activation; (F2)
valence, with dissociable responses to anticipation of reward
versus loss; and (F3) region-specific activation, with dissociable
activation across salience versus perceptual brain networks. Two
other factors (F22 & F26) were comprised of self-report variables,
which appeared to represent arousal and valence, respectively.
Median correlation values of the factors across the 10 replicates
conducted in the GFA indicated the robust factors were reliable
(all r’s > 0.8). ANOVA models indicated that only F22 differed
across diagnostic groups, F(5,460) = 2.35, p = 0.0402. Pairwise
comparisons indicated healthy controls had a higher mean score
(M = 0.24) relative to individuals with major depression (M =
−0.23; d = 0.53, CI95 [0.18-0.89]), indicating higher positive and
lower negative affect. It is important to note that the omnibus
effect would not survive correction for multiple comparisons.
Independent sample t-tests indicated that only F2 differed by sex,
t(375.98) = −1.99, p = 0.046, d = 0.21, such that males (M = 0.12)
had higher scores than females (M = −0.06), indicating greater
differential activation during gain compared to loss anticipation.
Regression models indicated that age only predicted F3 (β =0.11,
p = 0.015, R2adj.= 0.01) suggesting older participants demon-
strated larger differentiation between subcortical, superior tem-
poral, and cingulate regions as compared to inferior parietal,
inferior temporal, middle frontal, and occipital cortical regions.
Conclusions: Results indicate that factor analytic techniques

offer a novel approach for differentiating more general arousal or
task-based signal and valence-related or region-specific neural
activation. These findings are consistent with theoretical asser-
tions that anticipatory affect comprises both arousal and valence.
However, these data do not preclude the interpretation that F1
represents a global signal that may not be specific to MID. As such,
future GFA work is needed within other fMRI tasks to determine is
a similar factor is revealed. Such results would indicate the utility
of this method would lie in the ability to distinguish a global signal
from task specific effects. Results also indicated that men had
higher levels of differential brain activation between anticipation
of gains as compared to losses. Furthermore, results indicated that
there was a significant association of age and F3, which may
reflect differential impacts of age on regional brain volume across
the ROIs or distinct patterns of network-based activation during
gain and loss anticipation. The size of these effects was small
consistent with recent work demonstrating more traditional ROI
based analyses conducted in large samples designed to reduce
false-positive results. Such factor-analytic approaches may offer
insight into neural processing patterns and be useful for probing
individual differences and developing better explanatory or
predictive frameworks.
Keywords: Monetary Incentive Delay Task, Functional MRI

(fMRI), Latent Factor Analysis
Disclosure: Nothing to disclose.

T62. The Atypical Hallucinogen Salvinorin A Alters Activity
and Functional Connectivity of the Human Claustrum

Frederick Barrett*, Samuel Krimmel, David Seminowicz, Brian
Mathur, Roland Griffiths

Johns Hopkins University School of Medicine, Baltimore, Maryland,
United States

Background: Classic hallucinogens (serotonin 2A receptor, or 5-
HT2AR, agonists) and atypical hallucinogens (including kappa-
opioid receptor, or KOR, agonists) differ widely in apparent
receptor pharmacology, but seem to evoke similar acute
subjective effects (MacLean et al. 2013; Maqueda et al. 2015).
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Salvinorin A (a selective KOR agonist and atypical hallucinogen
with no 5-HT2AR affinity) produces rapid, transient, and profound
shifts in subjective experience that are similar to the effects of
classic hallucinogens (which do not have affinity for the KOR). The
mechanisms through which different classes of hallucinogens with
such disparate pharmacology can elicit similar experiences has not
been established.
Administration of classic psychedelics leads to glutamate-

mediated increases in cortical excitability (Nichols 2016) and
acute disruption of task-negative and task-positive cortical
networks (e.g. Carhart-Harris et al. 2012, 2016). The claustrum is
a thin grey-matter structure nested between the insula and the
external capsule that possesses bidirectional glutamatergic con-
nections with the majority of the cortex (Kim et al. 2016) and that
has been implicated in supporting cognitive control and the
regulation of cortical networks (Krimmel et al. 2019). The
claustrum highly expresses receptor targets of both classic and
atypical hallucinogens, including 5-HT2AR (Pazos et al., 1985) and
KOR (Quirion et al. 1987, Sim-Selley et al. 1999, Ragen et al. 2015),
and thus is a potential target for the effects of both classic and
atypical hallucinogens. The subjective effects of psilocybin, a
classic hallucinogen (and 5-HT2AR agonist), were shown to be
associated with the degree to which psilocybin reduced claustrum
activity and altered claustrocortical functional connectivity (Barrett
et al. 2020). In this preliminary study, we investigate whether
salvinorin A also alters claustrum activity and functional
connectivity.
Methods: 12 hallucinogen-experienced male volunteers (age:

23-52, M = 36.4, SD = 8.1) completed two single-blind drug
administrations, each during separate 20 minute blood-
oxygenation level-dependent (BOLD) echo-planar imaging scans
(1320 TRs, TR = 907 ms, total acquisition time = 20 minutes, voxel
size = 2 mm3, multiband acceleration factor = 6) using a Siemens
MRI at 3T with a 32-channel headcoil. The first single-blind drug
administration/scan involved inhalation of placebo (hot air) and
the second involved inhalation of 15 µg/kg vaporized salvinorin A.
One female volunteer qualified and enrolled in the study, but
displayed amnesia during a pre-MRI safety session, and was not
continued. Preprocessing and analysis of BOLD data followed our
previously reported method of small region confound correction
to isolate region of interest (ROI) time courses for the left and right
claustrum from the surrounding insula and putamen (Krimmel et
al. 2019, Barrett et al. 2020). Briefly, BOLD data underwent slice
timing correction, realignment, coregistration, normalization to
MNI space using unified segmentation, regression of nuisance
variables (six motion regressors from realignment, a scrubbing
vector, and the first 5 principal components of twice eroded
cerebro-spinal fluid and four-eroded white matter masks),
detrending, despiking, and band pass filtering [0.008–0.09 Hz].
The average timeseries from each claustrum ROI (left and right)
was then regressed on the timeseries of ipsilateral ‘flanking’ ROIs
(insula and putamen), and the residuals from this analysis
constituted corrected right and left claustrum corrected time-
series. The amplitude of low frequency fluctuations (ALFF) and the
variance in the BOLD timecourse of claustrum ROIs were
computed as measures of claustrum activity and compared
between drug conditions using a Student’s T-test. All pairwise
correlations between the timecourse of each claustrum ROI and
each ROI within the Power atlas (Power et al. 2011) were
computed as measures of claustrocortical functional connectivity
and compared between drug conditions using mixed-effects
general linear models. Claustrocortical connectivity was also
correlated with integrity (within-network connectivity) of each
cortical network defined in the Power atlas.
Results: Salvinorin A decreased ALFF (t = 3.32, p < 0.001) and

variance (t = 2.44, p < 0.001) of the right claustrum, and decreased
the average connectivity of the right claustrum with regions of the
default mode network (DMN) (F[1,1390] = 65.77, p < 0.0001) and

the dorsal somatosensory network (F[1,718] = 25.5, p < 0.0001).
Salvinorin A also increased the average connectivity of the left
claustrum with regions of the salience network (F[1,430] = 10.89,
p = 0.001). Right claustrum connectivity with the DMN
was associated with the integrity of the DMN (F[1,1390] = 18.92,
p < 0.0001).
Conclusions: Psilocybin was recently shown to decrease

claustrum activity and claustrocortical functional connectivity,
especially with regions of the DMN, in humans; DMN integrity was
associated with right claustrum connectivity with the DMN, and
psilocybin subjective effects correlated with the degree of
claustrum disruption (Barrett et al. 2020). The current data suggest
that atypical hallucinogens such as salvinorin A may also disrupt
claustrum activity and connectivity, and subsequently cortical
brain network integrity. These findings suggest that claustrum
disruption may represent a common mechanism supporting
effects of hallucinogens across different drug classes.
Keywords: Claustrum, Psychedelics, fMRI Functional Connectiv-

ity, Default Mode Network (DMN), Salvinorin A
Disclosure: Nothing to disclose.

T63. Striatal Low-Threshold Spiking Interneurons Locally Gate
Dopamine During Learning

Elizabeth Holly*, M. Felicia Davatolhagh, Rodrigo España, Marc
Fuccillo

Unviersity of Pennsylvania, Philadelphia, Pennsylvania, United States

Background: Low-threshold spiking interneurons (LTSIs) in the
dorsomedial striatum (DMS) are potent bidirectional modulators
of instrumental learning. While we previously demonstrated that
reward-circumscribed LTSI activity causally influences learning, the
underlying mechanisms remained unclear. Dopamine (DA) trans-
mission is critical for learning and performance of goal-directed
behavior. Increasing evidence demonstrates a functionally rele-
vant dissociation between DA cell body activity and striatal DA
levels, highlighting the importance of local DA control. Given the
reward-related activity of LTSIs, we explored whether LTSIs
provide a novel mechanism of local DA regulation.
Methods: Anatomy: To probe for evidence of LTSI synapses

onto DA axons, we injected SSTFlp/+;DATCre/+ mice with Flp-
dependent Synaptophysin-mRuby in the DMS and Cre-dependent
Synaptophysin-EGFP in the VTA/SN. After 6wks viral expression,
we performed immunohistochemistry for tyrosine hydroxylase
(TH) to visualize DAergic processes and imaged sections on a
confocal microscope.
In vitro fast scan cyclic voltammetry (FSCV): LTSIs are tonically

active in slice, so we tested the effects of bidirectional LTSI
manipulations on optically evoked DA (oDA) in acute striatal slices.
SSTFlp/+;DATCre/+ mice were injected with Cre-dependent
channelrhodopsin in the VTA/SN to evoke oDA in all FSCV
experiments. To test whether optogenetic LTSI inhibition alters
oDA, one striatal hemisphere was injected with Flp-dependent
halorhodopsin, the other with control Flp-dependent EGFP, and
the effects of 617nm LED illumination tested. Separately, we
chemogenetically excited LTSIs to explore the mechanism by
which LTSIs locally gate DA. One striatal hemisphere was injected
with Flp-dependent hM3DGq-mRuby, the other with control Flp-
dependent mRuby, and the effect of 10uM clozapine-N-oxide
(CNO) tested. After the oDA signal was stabilized in CNO,
antagonists for GABA-A (picrotoxin, 100uM) or GABA-B
(CGP55845, 2uM) were applied. FSCV experiments were con-
ducted in the presence of 1uM DHBE and 1uM scopolamine to
preclude any effect of cholinergic interneurons.
DA sensor during learning: We next assessed whether LTSIs

modulate striatal DA during operant learning. SSTCre/+mice were
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injected with the GRAB-DA sensor and either Cre-dependent
mRuby-Kir2.1 (an inwardly rectifying K+ channel that inhibits
neuronal activity) or control Cre-dependent mRuby2 in the DMS
and implanted with a fiberoptic cannula. DA sensor activity was
recorded as mice learned a self-initiated operant task.
D2 partial agonist microinjection prior to learning: We tested

whether LTSI-DA interactions underlie accelerated operant acqui-
sition when LTSIs are inhibited. Aripiprazole is a D2 partial agonist
that increases DA signaling when DA tone is low, but decreases
DA signaling when DA tone is high. We hypothesized local
aripiprazole administration would stabilize striatal DA levels
between LTSI-inhibited and LTSI-control mice, suppressing the
enhancement in learning rate mediated by LTSI inhibition. SSTCre/
+ mice were bilaterally injected with either Cre-dependent
ZsGreen-Kir2.1 or Cre-dependent EGFP and implanted with
microinjection cannulae in the DMS. Aripiprazole (100ng/side) or
vehicle was microinjected prior to operant acquisition.
Results: Anatomy: Some synaptophysin-mRuby puncta labeling

LTSI synapses were co-localized with DA terminal synaptophysin-
EGFP puncta and TH+ fibers, suggesting LTSIs make synapses
onto DAergic processes in the DMS.
In vitro FSCV: Optogenetic LTSI inhibition augmented oDA

release (p < 0.001), while chemogenetic LTSI excitation suppressed
oDA release (p < 0.001). These interactions occur via GABA-B (p <
0.01), but not GABA-A.
DA sensor during learning: We revealed dynamic changes in DA

signals across learning by aligning DA signals to discrete
behavioral events during operant training. In early trials prior to
acquiring the contingency, DA signals were circumscribed to the
correct lever press and reward retrieval. As learning proceeded,
DA signals connected to the correct lever press grew, while those
aligned to reward retrieval decreased. LTSI inhibition did not alter
the general progression of DA signals across learning, instead
altering select signals at specific learning stages – prior to task
acquisition, LTSI inhibition selectively amplified DA signals during
reward (p < 0.01), but during and after task acquisition amplified
DA signals to both reward (p < 0.01) and choice (p < 0.05).
D2 partial agonist microinjection prior to learning: Consistent

with our prior work, LTSI inhibition accelerated learning in vehicle
treated mice (p < 0.05). Striatal microinjection of aripiprazole
normalized learning rates, preventing accelerated acquisition in
LTSI-inhibited mice (p < 0.05) and accelerating acquisition in LTSI-
control mice (p < 0.05).
Conclusions: These data demonstrate that LTSIs provide a

novel mechanism for local modulation of dopaminergic signaling,
acting via GABA-B to gate synaptically released DA. This dynamic
regulation occurs both in slice and in vivo, and underlies the
effects of LTSI inhibition on goal-directed learning. Corticostriatal
connectivity drives action selection and performance, and
plasticity in these circuits is critical for motor control and learning.
We suggest that LTSIs act as local coordinators of corticostriatal
plasticity, owing to their combined local modulation of DA as
demonstrated here and dendritic inhibitory functions.
Keywords: Dopamine, Dorsal Striatum, Goal-Directed Beha-

viors, Striatal Dopamine Signaling, GABAergic Interneurons
Disclosure: Nia Therapeutics: Employee (Spouse)

T64. Astrocyte Glutathione S-transferases Regulate Microglial
Activation and Neuronal Function During Brain Inflammation

Ken Matoba, Eisuke Dohi, Swati Agarwal, Shin-ichi Kano*

University of Alabama at Birmingham, Birmingham, Alabama,
United States

Background: Brain inflammation is a key pathological event in
various neurological and psychiatric disorders. Emerging evidence

has also highlighted an essential role of the xenobiotic defense
system in immune responses at various tissues, including the
brain. We have recently discovered that glutathione S-transferase
mu 1 (GSTM1), an enzyme in the phase II detoxification system,
was predominantly expressed in astrocytes and required for
astrocyte-dependent microglia activation during LPS-induced
brain inflammation in mice. In this study, we have examined the
mechanisms by which GSTM1 regulates astrocyte activation and
evaluated the impact of GSTM1 deficiency on neurons. We have
also tested if GSTM1 is involved in aging or age-related
neurodegenerative conditions using mice.
Methods: The effects of GSTM1 deficiency on astrocyte

activation were evaluated by RNA-seq with in vitro cultured
primary astrocytes. Co-immunoprecipitation experiments were
conducted to explore potential targets of GSTM1. The influence of
GSTM1 deficiency on neurons during inflammation was evaluated
by challenging astrocyte-specific GSTM1 deficiency mice with
systemic LPS administration. GSTM1 expression changes were
further examined in the brains from aged mice and mice with
Alzheimer’s disease (AD)-associated genetic mutations.
Results: Astrocyte RNA-seq data revealed that GSTM1 is

required to induce pro-inflammatory responses and suppress
interferon responses. Consistent with this finding, GSTM1 was
shown to directly interact with an active form of a component of
NF-kB in astrocytes. In the brains of mice with LPS-induced brain
inflammation, astrocytic GSTM1 deficiency resulted in increased
cellular stress and decreased activity in nearby neurons. The
expression of GSTM1 decreased in the frontal cortices of mice
harboring AD-associated mutations while it increased in those of
normal aged mice.
Conclusions: Our data suggest that GSTM1 in astrocytes is

required to maintain neuronal homeostasis by remodeling its
balance between pro-inflammatory and interferon responses. The
data also indicate that astrocyte GSTM1 may be involved in
protection against aging and that its loss might accelerate age-
related neurodegeneration. Thus, our study provides a novel
biological insight into the role of astrocytes in brain inflammation.
Keywords: Astrocyte, Inflammation, Aging, Microglia, Alzhei-

mer’s Disease
Disclosure: Nothing to disclose.

T65. Vortioxetine Reverses Cognitive Impairments Induced by
Androgen Deprivation Therapy for the Treatment of Prostate
Cancer in Young and Middle-Aged Healthy Rats

Alexandra Vaiana*, Jonathan Gelfond, Teresa Johnson-Pais,
Robin Leach, Michael Liss, Anna Sullivan, Ian Thompson, David
Morilak

UT Health Science Center at San Antonio, San Antonio, Texas, United
States

Background: Androgen deprivation therapy (ADT) is a mainstay
treatment for late-stage prostate cancer, but it is associated with
several profound side effects, particularly severe cognitive
impairment, observed in more than half of patients. Long-term
occurrence of these impairments can significantly reduce quality
of life for cancer survivors. The most prominent deficits observed
in patients are in cognitive domains mediated by the medial
prefrontal cortex (mPFC) and hippocampus (Hipp). Given the
average age of onset in prostate cancer is around 65 years, it is
likely that age can exacerbate these impairments. It is important to
improve the cognitive side effects of ADT, as 10-year survival rate
post treatment is over 97%. Vortioxetine is an FDA-approved
antidepressant that has been shown to improve cognitive
impairment in depression. Therefore, it may also be a novel
therapeutic approach to alleviate ADT-induced cognitive decline.

ACNP 59th Annual Meeting: Poster Session II

204

Neuropsychopharmacology (2020) 45:170 – 277



We hypothesized that ADT will induce cognitive deficits in mPFC-
and hippocampal-related cognitive tasks in healthy male rats, and
age will exacerbate these impairments. Further, chronic treatment
with vortioxetine will reverse these cognitive changes.
Methods: The gonadotropin releasing hormone antagonist

degarelix, used clinically to treat prostate cancer, served as the
chemical castration treatment in our ADT rodent model. Surgical
castration was also used as a comparator. We tested young (3-
month, 8-11/group) and middle-aged (12-month, 6-11/group)
male rats, at which age-related cognitive impairments are just
beginning to emerge. Male Sprague-Dawley rats were surgically
castrated or injected with 3 mg/kg degarelix at a concentration of
30 mg/mL (dissolved in 5% mannitol). Controls received either a
sham surgery or a vehicle injection of 5% mannitol. Following the
ADT procedure, all animals were singly housed. Beginning 10 days
after surgery or degarelix, rats were administered vortioxetine in
their diet (28 mg/kg/day) or control chow for 21 days. Animals
were food restricted 7 days prior to behavioral testing using the
novel object location (NOL) test and the attentional set-shifting
test (AST). Upon completion of behavior, tail vein blood samples
were taken to confirm levels of testosterone. Three-way ANOVA,
followed by Tukey’s multiple comparison test, was used to analyze
all behavioral experiments (GraphPad Prism 8, San Diego, USA). All
procedures were approved by the University of Texas Health San
Antonio Institutional Animal Care and Use Committee and
complied with National Institutes of Health guidelines.
Results: There were no baseline differences between young

sham-control and middle-aged sham-control animals in visuospa-
tial memory on the NOL test. Castration impaired visuospatial
memory in young animals, and trended toward a similar
impairment in aged animals (young p < 0.01, d = 0.514). Aged
animals are still being tested to achieve sufficient power to detect
any potential exacerbation due to age in castrated animals.
Vortioxetine fully reversed the impairment in visuospatial memory
in young rats and appears to improve cognitive decline in aged
animals, again still preliminary (young p < 0.05, d = 0.610). On the
AST, there were also no baseline differences in performance
between young control and middle-aged control rats. On the
mPFC-mediated set-shifting task, castrated rats displayed deficits
in comparison to age-matched controls (young p < 0.001, d =
0.729 ;aged p < 0.05, d = 0.381), and vortioxetine reversed these
effects (young p < 0.001, d = 0.825; aged p < 0.05, d = 0.677).
Although age did not appear to exacerbate changes in cognition
due to castration on the set-shifting task, there was an age-
induced exacerbation of castration effects on the reversal learning
task of the AST (young cast/cntl compared to aged cast/cntl, p <
0.01, d = 0.502). This is noteworthy, as young castrated animals
did not display a deficit in reversal learning (young sham/cntl vs
young cast/cntl, p > 0.999). In aged rats, vortioxetine reversed the
deficit back to intact control levels (aged cast/cntl compared to
aged cast/vortioxetine, p < 0.05, d = 0.567). Studies with
degarelix are still underway, but preliminary results reveal that
degarelix also compromises cognitive function on both the NOL
and AST and vortioxetine reverses these effects.
Conclusions: Our results indicate that vortioxetine reversed

ADT-induced cognitive decline in domains mediated by both the
mPFC and Hipp. Additionally, vortioxetine was effective in a
middle-aged rodent model, indicating that it could be useful in
mitigating cognitive changes in older men treated for prostate
cancer. The potentially detrimental effects of cancer, which can
promote inflammatory processes, on cognition, and its interaction
with the effects of cancer therapy will be tested in this model in
future studies. In summary, these studies identify a possible
therapeutic intervention for the treatment of cognitive impair-
ment induced by ADT.
Keywords: Cognition, Medial Prefrontal Cortex, Dorsal Hippo-

campus, Testosterone, Novel Antidepressant
Disclosure: Nothing to disclose.

T66. Regulation of Associative Memory by Presynaptic mRNA
Transcripts

Abstract not included.

T67. Effects of Biological Sex and Circulating Sex Hormones on
Oxidative Stress

Jessica Busler*, Sarah Rose Slate, Eduardo Coello, Vicky Liao,
Alexander Lin, Pamela Mahon

Brigham & Women’s Hospital, Harvard Medical School, Boston,
Massachusetts, United States

Background: Oxidative stress, an imbalance between the
production of reactive oxygen species and available antioxidant
capacity, is implicated in psychiatric disorders including bipolar
disorder, schizophrenia, depression and anxiety disorders. Critical
factors involved in the mechanistic pathway of oxidative stress
include biological sex and sex hormones, particularly estrogens
given their antioxidant properties. Pre-clinical and peripheral
studies suggest that oxidative stress differs by biological sex and
covaries with circulating estrogens. However, studies have not yet
examined the relationship between biological sex, circulating sex
hormones and in vivo measurements of oxidative stress in the
brain. Therefore, we aimed to test these relationships with
peripheral and regional concentrations of glutathione (GSH), the
primary antioxidant in the brain.
Methods: At Brigham & Women’s Hospital 10 women and 5

men participated, ages 37–58 (M = 46.93, SD = 7.19). At Johns
Hopkins, 5 women and 7 men participated, ages 35–64 (M =
47.83, SD = 9.21). MR spectroscopy, using STEAM at 7 Tesla (TE =
20ms, TM = 10ms, TR = 3000ms), was used to assess central GSH
at both sites and LCModel was used for GSH quantification.
Regions of interest included the anterior cingulate cortex (ACC),
ventromedial prefrontal cortex (VMPFC), and dorsolateral pre-
frontal cortex (DLPFC). Peripheral total GSH was also assayed. To
assess the relationship between biological sex and GSH, we
conducted a standard effect size z-score meta-analysis across the
two research sites. Additionally, sex hormone assays were
performed on the dataset from Brigham and Women’s Hospital
to assess levels of estradiol, estrone, and progesterone. We
conducted separate regression analyses to assess individual
circulating sex hormones as predictors of peripheral GSH and
central GSH in the three regions of interest in women. In each of
the models we included age as a control covariate and
significance was assessed at p < 0.05 alpha level and standardized
beta coefficients are reported for significant results.
Results: We observed a significant difference in VMPFC GSH

depending on biological sex with males displaying higher levels of
GSH in the VMPFC (z = −2.10, p = 0.04). We did not observe sex
differences in peripheral GSH (z = −0.56, p = 0.58), ACC GSH (z =
0.41, p = 0.68), or DLPFC GSH (z = −0.49, p = 0.62). For analyses
investigating circulating sex hormones in women and GSH, we
found significant effects related to ACC GSH. For GSH in the ACC,
estradiol was significantly associated (b = −.82, t = −3.45, p =
0.01). Similarly, estrone was significantly associated with GSH (b =
−0.74, t = −2.90, p = 0.02) in the ACC. Progesterone (F = 1.87,
p = 0.22) was not significantly associated with ACC GSH. No other
significant results were observed in testing the relationships of
circulating sex hormones with GSH in the DLPFC, VMPFC or
peripheral GSH.
Conclusions: These results suggest that biological sex and

circulating sex hormones in women are key factors to consider in
relation to oxidative stress. Biological sex was shown to be related
to VMPFC GSH, and circulating sex hormones, estradiol and
estrone, were shown to be related to GSH in the ACC, an effect
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that remained significant while adjusting for age. In contrast,
neither biological sex nor circulating sex hormones appeared to
have a strong relationship with peripheral GSH. Despite the
promising nature of these preliminary findings, they should be
interpreted with caution given the small sample size. Notwith-
standing, these results advocate for the need to account for the
relationship of circulating sex hormones and biological sex with
oxidative stress. If confirmed, these findings have the potential to
inform clinical care regarding the use of antioxidant or estrogenic
medications to improve outcomes in psychiatric conditions.
Furthermore, these results have broad implications for women’s
brain health thereby informing potential sex specific interventions.
Keywords: Sex Hormones, Sex Differences, Oxidative Stress,

Magnetic Resonance Spectroscopy, Anterior Cingulate Cortex
(ACC)
Disclosure: Nothing to disclose.

T68. Sex-Specific Differences in the Association Between
Obesity and Brain Aging in Young Adults: Findings From the
Human Connectome Project

Cherise Chin Fatt*, Manish Jha, Abu Minhajuddin, Madhukar
Trivedi

University of Texas Southwestern Medical Center at Dallas, Dallas,
Texas, United States

Background: There are various complications related to obesity
such as heart disease, diabetes and psychiatric conditions, and
furthermore obesity may compound the morbidity and mortality
associated with these complications. Emerging evidence in middle
aged and elderly individuals suggests that obesity may be
associated with accelerated brain aging. However, there is limited
information on the impact of obesity on brain aging in young
adults. Furthermore, while sex differences in pathophysiology of
mental illnesses have gained recent attention, whether obesity
affects brain aging differentially in males versus females has not
been studied systematically. In this report, we evaluated the sex-
specific differences in the association between brain aging and
obesity in young adults using the publicly available data from the
Human Connectome Project (HCP).
Methods: Participants of HCP with structural imaging and body

mass index (BMI) data available were included (n = 1112; mean
age = 28.80; sd = 3.70). Predicted brain age was generated using
raw T1-weighted MRI scan and a Gaussian Processes regression
model as described by Cole et al (Molecular Psychiatry 2018; 23:
1385-1392). We computed the difference between chronological
age and brain age predicted by structural imaging [Δ aging =
(chronological age) – (predicted brain age)]. Lower values of Δ
aging suggest greater brain aging. We used a generalized linear
model with Δ aging as the dependent variable, and sex, BMI and
BMI-by-sex interaction and the independent variables of interest
and race, ethnicity, income, and education as covariates.
Results: We found a significant BMI-by-sex interaction for Δ

aging (p = 0.046). Higher BMI was associated with greater brain
aging in both males and females. However, this association was
two-times stronger in males (β = −0.23; 95% CI of −0.33 to −0.13)
than in females (β = −0.13; 95% CI of −0.19 to −0.06).
Conclusions: We found evidence suggesting that obesity is

associated with greater brain aging in young adults. Furthermore,
the association between obesity and brain aging was stronger in
males than in females. Future studies are needed to explore the
mechanistic pathways that link obesity to brain aging and
whether weight-loss interventions, such as exercise, can reverse
obesity-associated brain aging.
Keywords: Brain Age, Obesity, Sex Difference
Disclosure: Nothing to disclose.

T69. 7T Functional Magnetic Resonance Spectroscopy of
Metabolite Variations During Working Memory in Trauma-
Exposed Individuals

Meredith Reid*, Sarah Whiteman, Frank Weathers, Thomas
Denney

Auburn University, Auburn, Alabama, United States

Background: People with PTSD commonly report difficulties with
working memory, yet the neural basis of its dysfunction is not well
understood. Previous fMRI studies of PTSD have shown reduced
activation in the dorsolateral prefrontal cortex (DLPFC), a crucial
brain region for working memory. Converging evidence from
animal models and human studies points to glutamatergic
dysfunction in key brain regions in PTSD. Thus, it is possible that
neurometabolic abnormalities could underlie the differential
activation patterns observed in the DLPFC; however, this has not
been directly tested. Functional magnetic resonance spectroscopy
(fMRS) can potentially address this issue by measuring neurome-
tabolite changes associated with neural activity in response to
stimuli. In this ongoing study, we are using 7T resting-state MRS as
well as fMRS during the N-back working memory task to measure
neurometabolite changes in the DLPFC of people with PTSD,
trauma-exposed people without PTSD, and non-trauma-exposed
controls. We hypothesize that (1) glutamate is reduced in people
with PTSD, (2) glutamate increases with working memory load,
and (3) working memory load interacts with the group-glutamate
association.
Methods: 6 trauma-exposed people without PTSD (TEC; age:

20.8 +/− 2.6; sex: 3 F / 3 M) and 9 people without trauma
exposure (CON; age: 26.6 +/− 10.8; sex: 7 F / 2 M) were included
in this preliminary analysis. Imaging was performed at the Auburn
University MRI Research Center on a Siemens MAGNETOM 7T MRI
scanner equipped with a 32-channel head coil. 3D MPRAGE
structural images were obtained for voxel placement. Spectra
were acquired from the left DLPFC (25x25x25 mm) using an ultra-
short TE STEAM sequence (TR/TE/TM = 10,000/5/45 ms),
FASTESTMAP shimming, and VAPOR water suppression. For
resting-state MRS, 32 averages with water suppression and 4
averages without water suppression were acquired. fMRS was
acquired while participants completed the N-back task. Stimuli
were single letters presented one at a time. The task included 9
alternating blocks of 0-back, 1-back, and 2-back conditions (3
blocks of each working memory load). For fMRS, 8 water-
suppressed averages were acquired during each block, which
were combined in MATLAB using in-house code. MRS and fMRS
spectra were analyzed in LCModel using a simulated basis set.
Spectra were eddy current corrected and quantified using the
unsuppressed water signal. MRS levels of glutamate were
compared between groups using one-way ANOVA. fMRS levels
of glutamate were averaged within each condition, and then
repeated measures ANOVA was used to examine the effect of
group, working memory load, and group by load interaction. We
also investigated glutamine and GABA in exploratory analyses.
Results: We observed no group differences in resting-state

MRS levels of glutamate (F(1,13) = 2.598, p = 0.131, partial eta
squared = 0.167), glutamine (F(1,13) = 1.585, p = 0.230, partial
eta squared = 0.109), or GABA (F(1,13) = 1.520, p = 0.239, partial
eta squared = 0.105). We excluded 1 TEC and 2 CON from the
fMRS analyses due to poor spectral quality; therefore, fMRS
analyses included 5 TEC and 7 CON. For fMRS measures of
glutamate, we found no significant effects of group (F(1,10) =
0.006, p = 0.941, partial eta squared = 0. 001), working memory
load (F(2,20) = 1.502, p = 0.247, partial eta squared = 0.131), or
group by load interaction (F(2,20) = 1.628, p = 0.221, partial eta
squared = 0.140). For glutamine, we observed a significant effect
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of working memory load (F(2,20) = 3.657, p = 0.044, partial eta
squared = 0.268) and a significant group by load interaction
(F(2,20) = 3.791, p = 0.040, partial eta squared = 0.275), such that
glutamine levels were higher in the TEC group during 2-back
versus 1-back when compared to the CON group. For GABA, we
observed a trend for an effect of working memory load (F(2,20) =
2.950, p = 0.075, partial eta squared = 0.228), such that GABA
levels tended to increase with greater working memory load.
Conclusions: In this preliminary analysis, we observed meta-

bolite changes during working memory in trauma-exposed people
without PTSD compared to people without trauma exposure. In
future work, we will include participants with PTSD as well as brain
activation data from fMRI. Since fMRS and fMRI probe different
aspects of neuronal firing and synaptic activity, the combined
approach of these techniques could better characterize the
neurobiology underlying cognitive deficits in PTSD.
Keywords: Trauma Exposure, Functional Magnetic Resonance

Spectroscopy, 7T, Working Memory
Disclosure: Nothing to disclose.

T70. Pre-treatment Neural Function During Emotional
Processing Predicts Improvement in Anxious Adolescents

Lu Lu, William T. Baumel, Jeffrey A. Mills, Kim Cecil, Sara Varney,
Sarah Mossman, Heidi Schroeder, Xiaoqi Huang, Qiyong Gong,
John A. Sweeney, Melissa P. DelBello, Jeffrey Strawn*

University of Cincinnati, Cincinnati, Ohio, United States

Background: Anxiety disorders are among the most common
mental health conditions affecting children and adolescents and
rank among the biggest drivers of health care burden for
individuals under the age of 18. Brain activation during emotional
processing is altered in multiple regions within prefrontal-
amygdala circuitry. However, there are few data on how activity
within this circuitry prior to treatment might predict either the
magnitude or trajectory of response to common treatments,
including selective serotonin reuptake inhibitors (SSRIs). Examin-
ing this is important to understanding SSRI mechanism of action
and to identifying patients who require alternative interventions.
With this in mind, we sought to identify pre-treatment [is it just
pre-treatment brain activation during emotional processing and
how it might predict later improvement in anxiety symptoms in
adolescents with generalized anxiety disorder (GAD).
Methods: We conducted an 8-week, double-blind, controlled

trial in adolescents with GAD in which patients were randomized
(1:1) to escitalopram (n = 26) or placebo (n = 25) at an outpatient,
single site, academic medical center. Patients were medication-
free adolescents aged 12-17 years with a primary diagnosis of
GAD based on the Anxiety Disorders Interview Schedule for DSM-
IV-TR (ADIS-IV) and had a Pediatric Anxiety Rating Scale (PARS)
score ≥15 and a clinical global impression-severity score ≥4 at
baseline. To examine functional activation in response to
emotional processing, patients performed the continuous proces-
sing task with emotional and neutral distractors (CPT-END) in the
scanner. During this task, patients responded to emotional or
neutral pictures or square or targets (circles). The task consisted 2
runs, each run containing 158 pictures (square 70%, circle 10%,
emotional picture 10%, and neutral picture 10%) with an onset-to-
onset interval of 3000 ms and a duration of 2750 ms, a fixation
cross was presented in the interval between pictures for 250 ms.
Functional images and high-resolution anatomical images were
obtained with a 3-Tesla scanner (Achieva; Philips, USA) with a 32-
channel phased-array head coil. Functional images were pre-
processed in SPM12 for spatial realignment, slice-timing, coregis-
tration, normalization, and 8-mm Gaussian imaging smoothing.
Patients who did not complete the scan or had excessive

movement >3 mm or 3 degrees were excluded (placebo: n = 8;
escitalopram: n = 7). First-level, within-subject analysis was
performed with a general linear model with four regressors:
circle, emotional, neutral, and square. Six motion parameters were
included as nuisance regressors to correct for motion artifacts. For
each participant, contrast images of emotional and neutral
pictures were generated. Percent blood oxygen level dependent
(BOLD)-signal change in the amygdala, ventrolateral prefrontal
cortex (VLPFC), medial prefrontal cortex (mPFC) and dorsal
anterior cingulate (dACC) in response to emotional (relative to
neutral) images was extracted. Then, logarithmic mixed effects
models (using Julia, version 1.0), were employed to examine the
relationship between baseline activation for each ROI and the
trajectory of anxiety improvement (PARS score) using week 0, 1, 2,
4, 6 and 8/early termination(ET) ratings. These models included
age and sex as covariates and findings were considered significant
at the p < 0.05 threshold.
Results: Patients who received escitalopram (n = 19) and those

who received placebo (n = 17) did not differ statistically in terms
of age (mean escitalopram, 14.5 ± 1.6 years; mean placebo: 15.2
±1.5 years, p = 0.18), IQ, gender (escitalopram: 4 males; placebo 6
males, p = 0.46) and baseline anxiety severity (p = 0.77). In
patients who received escitalopram, the change in anxiety over 8
weeks of treatment was predicted by baseline activation to
emotional stimuli in left amygdala (left: p = 0.007, right: p =
0.363), right VLPFC (left: p = 0.398; right: p = 0.031), but not the
mPFC (left: p = 0.0623; right: 0.931) or dACC (left: p = 0.052; right:
p = 0.3972). In patients who received placebo, activation to
emotional stimuli in the right amygdala (left: p = 0.843; right: p <
0.001), left mPFC (left: p = 0.004; right: p = 0.134) and right VLPFC
(left: p < 0.097; right: p < 0.001) but not the dACC (left: p = 0.380;
right: p = 0.803) predicted the trajectory of change in anxiety
symptoms.
Conclusions: In adolescents with GAD, baseline activation of

the amygdala, VLPFC and mPFC predicts the magnitude of
subsequent improvement in anxiety. These findings raise the
possibility that pre-treatment amygdala-prefrontal activation
could identify patients more likely to respond to treatment and
emphasizes the importance of amygdala-prefrontal circuitry as a
target for pharmacotherapy in this population.
Keywords: Anxiety, fMRI, SSRI
Disclosure: Allergan, Neuronetics: Grant (Self); FDA: Advisory

Board (Self); Springer: Royalties (Self); Neuroscience Education
Institute, CMEology: Honoraria (Self); Intracellular Therapeutics,
Myriad Genetics: Consultant (Self)

T71. Organization Effects of Gonadal Hormones During
Puberty Cause Sex Differences in Social Anxiety Behavior

Emily Wright*, Hannah Culkin, Shwetha Sekar, Brian Trainor

University of California, Davis, Davis, California, United States

Background: About 20% of US adults will be diagnosed with an
anxiety disorder in their lifetime, making anxiety the largest
mental health concern today. Women in particular face higher
risks and are 2 times more likely to be diagnosed with an anxiety
disorder then men. Interestingly, this sex difference does not
extend to childhood anxiety and only begins to emerge at the
start of puberty. Work in rodents has also found larger social
anxiety response in adult females vs. males. However, adult
castration does not eliminate this sex difference indicating that
any hormonal effects across puberty may be organizational
instead of activational.
Here I use the California mice (Peromyscus californicus) model

to investigate the effects of pubertal hormones on social anxiety.
Both male and female California mice will naturally exhibit high
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levels of aggression toward same sex conspecifics, allowing for a
direct comparison of social stress in males and females.
Here I present original, unpublished data on sex differences in

juvenile California mouse social anxiety behavior, the impact of an
oxytocin receptor antagonist (OTA) on juvenile social anxiety
behavior, and organizational effects of male pubertal hormones
on adult male social anxiety behavior. By the time of presentation,
I anticipate the addition of preliminary data on the effects of male
pubertal hormones on androgen versus estrogen receptors.
Methods: Experiment 1: Juvenile males and females were

randomly assigned to defeat vs. control conditions (n = 6-9).
Defeat consisted of 3 consecutive days to exposure to a novel
same sex aggressor for 7 minutes or until the test mouse had
received 7 bites. Control mice underwent comparable handling. 2
weeks after social defeat mice underwent social interaction
testing. Anxiety behavior was measured via: 1) interaction time-
time investigating a novel mouse, 2) vigilance- time the test
mouse spent still with its head oriented toward the novel mouse
but not in proximity.
Experiment 2: Juvenile males and females underwent 3

episodes of social defeat and social interaction testing 2 weeks
later. Mice were randomly assigned to receive either an i.p.
injection of saline, 5mg/kg, 10mg/kg of the OTA L-368,899 30
minutes prior to social interaction testing (n = 5-9).
Experiments 3/4: Prepubertal castrations, control sham sur-

geries, or no surgery control occurred on post-natal day 40. After
reaching adult maturity mice underwent social defeat and social
interaction testing as described above (n = 6-8). Mice to receive a
hormone replacement implant will receive their implant on the
same day as castration surgery.
All juvenile mice completed testing by post-natal day 50, which

marks the beginning of early adolescents in California mice. All
adult mice started testing after post-natal day 90, which marks the
beginning of adult maturity.
Statistical analysis: all data was normalized when appropriate

followed by ANOVA testing and pairwise comparison post-hoc
analyses.
Results: Experiment 1: Social defeat stress had a significant

effect on interaction time in both males and females (p < 0.001)
with defeated mice of both sexes showing decreased interaction
compared to control (p < 0.001 for both). Social defeat also had a
significant effect on vigilance (p < 0.001) with defeated males (p <
0.03) and females (p < 0.001) showing increased vigilance
compared to control.
Experiment 2: Social interaction data finds both effects of OTA

(p < 0.01) and sex (p < 0.05). Males treated with 5mg/kg of OTA
show increased social interaction when compared to control (p <
0.05) and 10mg/kg treated males (p < 0.01). However, there is no
significant effect of OTA in females. Vigilance data finds an effect
of OTA (p < 0.05), with 5mg/kg treated females showing
significantly less vigilance than control (p < 0.01). 5mg/kg treated
males show a trend for less vigilance than control (p = 0.08) and
significantly less than 10mg/kg treated males (p < 0.03).
Experiment 3: Social interaction data finds both effects of

castration (p < 0.05) and social defeat (p < 0.01). Castration mice
who underwent defeat show decreased interaction compared to
castrated controls (p < 0.01), defeated sham surgery (p < 0.02), and
defeated no surgery (p < 0.02). Vigilance data finds a trend for
castration (p = 0.06) and an effect of social defeat (p < 0.02).
Castration mice who underwent defeat show increased vigilance
compared ton castrated controls (p < 0.01), defeated sham surgery
(p < 0.03), and defeated no surgery (p < 0.05).
Conclusions: Juvenile California mice do not show sex

differences in social anxiety behavior, and it is only after exposure
to gonadal hormones during puberty that males exhibit lower
levels of anxiety behavior. This mirrors trends seen in humans
where there are no sex differences in rates of childhood anxiety
but higher rates of diagnosed anxiety disorders in adolescent and

adult women. OTA manipulation in juveniles show that oxytocin
plays an important role in social anxiety behavior, as it does in
adults.
Keywords: Puberty, Social Anxiety, Neuroendocrine, Testoster-

one, Sex Differences
Disclosure: Nothing to disclose.

T72. Association Between Inflammation and Increased Alcohol
Dependence Rather Than Consumption in Those With PTSD

Samantha Friend*, Daniel Glenn, Dean Acheson, Caroline
Nievergelt, Adam Maihofer, Dewleen Baker, Victoria Risbrough

VA San Diego Healthcare System, San Diego, California, United
States

Background: Post-traumatic stress disorder (PTSD) and Alcohol Use
Disorder (AUD) are highly prevalent and often comorbid in both the
general population, as well as among combat Veterans. AUD
prevalence among those with PTSD is 28% for women and 52% for
men, while rates of PTSD among patients with AUD are 30-59%.
Currently, we do not understand the biological mechanisms
promoting the development of AUD in some PTSD patients, which
will require high-resolution prospective studies in understanding
development vs. maintenance of symptoms of each disorder.
Evidence supports a role for inflammation as a potential pathophy-
siological mechanism underlying both PTSD and AUD. C-reactive
protein (CRP) specifically has been identified as a risk factor for PTSD,
while chronically elevated blood alcohol levels can increase CRP.
Alcohol craving and consumption are associated with elevated
plasma levels of inflammatory cytokines in alcoholics. Here we
tested the hypothesis that inflammation, as measured by CRP, may
interact with PTSD symptoms to predict alcohol dependence
behaviors over 6 months post-combat deployment.
Methods: In a study of combat trauma in active duty service

members (Marine Resiliency Study), Marines and Navy Corpsmen (N
= 1890) were given the AUD Identification Test (AUDIT) as well as
the Clinician-Administered PTSD Scale (CAPS) both 3 and 6 months
after a combat deployment to Afghanistan or Iraq. AUDIT scores
were totaled separately for alcohol consumption (i.e., frequency and
quantity of drinking) and dependence behaviors (i.e., difficulty
controlling drinking and functional impairment). Plasma was
collected for the measurement of CRP by enzyme-linked immuno-
sorbent assay. Associations between PTSD, AUD, and CRP at both
post-deployment time points were analyzed using linear regression
or zero-inflated negative binomial regression (ZINBR), to account for
skewing from excess zero responses in the AUDIT score.
Results: While a PTSD diagnosis predicted alcohol consumption

at 3-months (N = 1446; p < 0.01) post-deployment, there were no
main effects of CRP or interactions, PTSD diagnosis predicted a
35% lower chance of demonstrating zero dependence (N = 1446,
p < 0.001, ZINBR zero model) at 3-months post-deployment, as
well as a roughly 10% lower chance of demonstrating zero
dependence (N = 1190, p < 0.001, ZINBR zero model) at 6-months
post-deployment. In those endorsing dependence symptoms,
PTSD diagnosis alone did not predict dependence severity but did
interact with CRP to predict dependence severity at 3-months
(N = 353, p < 0.02, count model regression) and at 6-months post-
deployment (N = 259, p < 0.05, count model regression), with
increasing CRP associated with increased dependence symptoms
only in the PTSD group. Similar findings were found using total
CAPS severity scores instead of PTSD diagnosis. It should be noted
that of those reporting at least some dependence behaviors (>0),
symptom severity in subjects with PTSD was 3.50 (range= 1–10) at
3-months post-deployment and 4.25 at 6-months post-deploy-
ment. At the same time, those without PTSD averaged 2.90
(range=1–10) (p > 0.5) at 3-months post-deployment and 2.84
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(range= 1–10) at 6-months post-deployment, suggesting that the
association of CRP with dependence severity in the PTSD group
initially at 3-months is not simply due to greater alcohol
dependence in that group.
Conclusions: These data support the hypothesis that there is a

synergistic relationship between PTSD and CRP associated with
higher alcohol dependence but not consumption. These effects
may be mainly driven by the relationship between CRP and
numbing PTSD symptomatology. Although directionality cannot
be inferred from these preliminary data, one possibility is that
PTSD, in combination with inflammation, may increase vulner-
ability for alcohol use. Interestingly, similar amounts of depen-
dence symptoms occurred between individuals with and without
PTSD, indicating that higher inflammation is not merely an artifact
of higher dependence in the PTSD group. Future longitudinal
analyses, as well as studies with animal models, will provide a
greater mechanistic understanding of potential causal relation-
ships between inflammation, trauma, and alcohol dependence.
Keywords: CRP, Combat PTSD, Alcohol, PTSD, Inflammation
Disclosure: Nothing to disclose.

T73. Evidence of Autonomic Hypersensitivity and Blunted
Ventromedial Prefrontal Cortex Activity During Interoceptive
Perturbation in Generalized Anxiety Disorder

Adam Teed, Rachel Lapidus, Valerie Upshaw, Rayus Kuplicki,
Jerzy Bodurka, Justin Feinstein, Wesley Thompson, Martin
Paulus, Sahib Khalsa*

Laureate Institute for Brain Research, Tulsa, Oklahoma, United States

Background: Generalized anxiety disorder (GAD) is characterized
by uncontrollable anxiety and worry leading to heightened
autonomic arousal and apprehensive expectation regarding such
arousal states. Although GAD individuals often report somatic
symptoms, autonomic hyperarousal symptoms are often consid-
ered less prominent than in other anxiety disorders (e.g., panic
disorder). Using peripheral beta-adrenergic stimulation via bolus
infusions of the fast-acting adrenaline analog, isoproterenol, we
examined the degree to which measures of cardiorespiratory
interoception, and their neural and behavioral correlates, differ
between GAD and healthy comparisons (HC).
Methods: Females with GAD (n = 29) and female HCs (n = 29)

matched for age and BMI received randomized double-blinded
bolus infusions of isoproterenol (0.5, 2 micrograms) and saline
during BOLD fMRI scanning at 3 Tesla. Panic disorder was
exclusionary. Participants concurrently rated their cardiorespira-
tory sensation intensity using a dial during infusions and afterward
via self-report. We tested for group differences in peripheral
sensitivity with a t-test comparing the chronotropic dose 25
(CD25), an indirect measure of beta-adrenergic receptor density,
which is defined by the minimum dose required to raise the heart
rate by 25 beats-per-minute. Using linear mixed-effects models
(LME) with age and BMI covariates, we assessed the effect of dose
and group on physiological (heart rate and respiratory volume
variability) and subjective (real-time cardiorespiratory dial rating)
responses during discrete physiologically-relevant windows (e.g.,
peak response and early recovery periods). We subsequently
assessed retrospective perceptions of cardiorespiratory sensation
and experienced anxiety after each dose. We conducted whole-
brain fMRI to assess group effects on subject-level contrast maps
associated with each response period at a voxel-wise threshold of
p < 0.001 (cluster corrected at a 5% false-positive rate, analyses in
AFNI). Next, to evaluate the effect of isoproterenol on the overall
time course of heart rate, dial ratings, and regional BOLD
responses, we applied a multivariate Functional Principal

Components Analysis (mFPCA) to these signals. Using spline basis
functions, each individual’s response was modeled in a multi-
variate fashion via a matrix of spline coefficients characterizing the
major modes of variation around the smoothed mean trajectory.
We examined the effects of dose and group (and their interaction)
on each signal’s mean time course by entering coefficients from
the mFPCA that summarized two principal components (PC) of the
trajectories into an LME analysis. We selected region-of-interest
(ROI) brain BOLD responses within the salience (insula/ACC/
amygdala) and default-mode (vmPFC/dmPFC) networks defined
by a probabilistic cytoarchitectonic atlas (Fan et al. 2016).
Results: Female GAD subjects exhibited lower CD25 values than

HCs indicative of peripheral hypersensitivity to isoproterenol (p =
0.04, Cohen’s d = 0.55). Greater heart rate responses to the 0.5
mcg dose drove this effect (group by dose interaction during the
peak response period, p = 0.002). Real-time dial ratings also
differed at 0.5 mcg (group by dose interaction during peak and
early recovery, p ≤ 0.01). GADs retrospectively reported heigh-
tened anxiety across all doses (p≤0.005), and heightened heart-
beat (p < 0.001) and respiration (p≤0.001) intensity at the 0.5 mcg
dose relative to HCs. The whole-brain analysis showed the insular
cortex to be most active during anticipation and receipt of
isoproterenol across both groups, replicating our previous studies
(Hassanpour et al. 2016, 2018), but there were no group
differences in activation of this region. Rather, the GAD group
exhibited attenuated vmPFC activity relative to HCs during the
peak and early recovery periods for the 0.5 mcg dose (p < 0.05
corrected). LMEs of the PC trajectories largely corroborated the
whole-brain results and LMEs of univariate data: PC coefficients
describing the trajectory of heart rate and dial ratings revealed an
effect of the 2 mcg dose on both PCs for heart rate (p < 0.001) and
dial response (p ≤ 0.004). At 0.5 mcg, a dose-effect was seen on
the first PC for HR (p = 0.008), while a group by dose interaction
was seen for dial responses (p = 0.039). BOLD PC trajectories
showed a similar pattern, with at least one PC from each ROI
showing a significant dose-effect at 2 mcg (p ≤ 0.015). Moreover, a
group by dose interaction was observed on the first PC for both
the vmPFC (p = 0.036) and amygdala (p = 0.03) at 0.5 mcg, and at
the 2 mcg dose for the amygdala (p = 0.042). A group effect was
also seen for the second PC of the vmPFC and caudate.
Conclusions: During adrenergic stimulation, females with GAD

showed an autonomic hypersensitivity characterized by greater
elevations in heart rate. These responses were accompanied by,
heightened interoceptive awareness, anxiety, and a blunted neural
response in the vmPFC, a brain region related to self-referential
processing and visceromotor control. Our results provide strong
evidence that, in females, 1) GAD constitutes a failure to
appropriately appraise and regulate sympathetic arousal signals,
and 2) both the autonomic and central nervous systems contribute
to GAD interoceptive pathophysiology. Further progress in explain-
ing GAD pathophysiology will require a better understanding of the
causal interactions between both systems, and whether sex
differences contribute to interoceptive dysfunction in GAD.
Keywords: Anxiety, Interoception, Generalized Anxiety Disor-

der, Ventromedial Prefrontal Cortex, Amygdala
Disclosure: Nothing to disclose.

T74. Circuit and Molecular Architecture of a Ventral
Hippocampal Network

Mark Gergues*, Kasey Han, Hye Sun Choi, Brandon Brown,
Kelsey Clausing, Victoria Turner, Ilia Vainchtein, Anna Victoria
Molofsky, Mazen Kheirbek

University of California - San Francisco, San Francisco, California,
United States
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Background: Over the last decade, the ventral portion of the
hippocampus (vHPC) has been increasingly recognized as a critical
node in the extended limbic circuitry that controls motivated and
emotional behavior. The nature of the region’s functions – e.g.
controlling anxiety-related behaviors, influencing reward seeking
behavior, and modulating the neuroendocrine response to stress
have stoked considerable interest in vHPC’s potential contribu-
tions to mood and anxiety disorders. While recent studies have
indicated that ventral CA1 (vCA1) projection neurons are
functionally dissociable, the basic principles of how the inputs
and outputs of vCA1 are organized remain unclear. Here we used
viral and sequencing approaches to define the logic of the
extended vCA1 circuit.
Methods: We performed high-throughput single neuron

tracing using multiplexed analysis of projections by high
throughput sequencing (MAPseq). A MAPseq barcode library
was injected into the vCA1 then 44 hours later were rapid
decapitated, sectioned on a cryostat, and tissue punches were
collected from target areas (PFC, NAc, LS, BNST, LH, BA, and CeA)
and vCA1, then samples were sequenced. We then used input
output tracing for determining the input pattern to vCA1; animals
were injected with AAV2retro-Cre into the same target areas,
followed by injection of rabies viruses, and whole brain input to
projection defined vCA1 neurons was analyzed. Finally, we used
transcriptional profiling methods that accessed translating mRNAs
in vHPC neurons defined by their projection to one of these four
targets.
Results: Through our MAPseq studies of vCA1 we identify a

population of neurons that simultaneously broadcast information
to multiple areas known to regulate the stress axis and approach/
avoidance behavior. We found that ~77% (1920/2494) of
barcoded vHPC neurons projected to only one of the assayed
target regions. And of the ~23% that projected to multiple targets,
~18.2% (453/2494) sent axons to two targets, ~3.7% (93/2494) to
three targets, and ~1.1% (28/2494) to greater than three of the
assayed targets. We next determined whether vHPC output
neurons previously implicated in approach/avoidance behavior
and fear learning receive long-range, extra-hippocampal inputs
from similar or diverse upstream regions. Identifying vCA1 cells
that extend axons to mPFC, NAc, LS, BNST, BA, LH – we catalogued
these neurons’ patterns of long-range inputs using “tracing the
relationship between input and output” (TRIO) method. First, while
all projection neurons received thalamic input, most notably input
from the paraventricular nucleus of the thalamus, TRIO suggested
that vCA1-LH projection neurons receive proportionally more
input from PVT than the projections to BA and mPFC. Second,
TRIO predicted that vCA1-BA projection neurons get proportion-
ally more input from the basal forebrain, most notably from the
nucleus of the diagonal band than vCA1-LS and vCA1-BNST
projections. And third, TRIO predicted that vCA1-BNST projection
neurons get proportionally more input from the lateral amygdala
that the other projections assayed. Finally, we determined
whether vCA1 neurons projecting to the LH, NAc, BA and mPFC
differ in terms of the genes they express. Pairwise comparisons of
vCA1 projections between each vCA1 projection neuron type
revealed 24 genes that were significantly differentially expressed.
Interestingly however, these comparisons revealed a unique
transcriptional profile in vCA1-mPFC projections relative to other
subcortical projections where we found 653 genes that were
differentially expressed (pAdj < 0.05).
Conclusions: Together, these data enrich our understanding of

the organization of the vCA1, showing how neurons there are
differentially connected to upstream inputs, how activity there is
disseminated to downstream areas and how neurons display
subtly different molecular identities. We find that vCA1 projections
show not only show a one-to-one connectivity with downstream
areas, but that a significant fraction of neurons project to multiple
downstream areas in a non-random fashion. In addition, we find

that overall, these six groups of output neurons received a similar
distribution of inputs from upstream subcortical areas, with a few
differences in the proportion of those inputs. Finally, analysis of
translating mRNAs found a gene expression signature that
differentiates vCA1-mPFC projectors from those neurons that
project to LH, BA and NAc. These data not only provide future
opportunities for targeting these classes of cells for visualization
and manipulation, but by providing unique molecular signatures
of cell-types with distinct functions, they may provide new
avenues for testing new therapeutic targets.
Keywords: Anxiety Circuitry, Ventral Hippocampus, Neuronal

Tracing
Disclosure: Nothing to disclose.

T75. Clustering of ASD Subjects Using Autism Behavior
Inventory (ABI) Scales

Abi Bangerter*, Shyla Jagannatha, Rachel Ochs-Ross, Gahan
Pandina

Johnson & Johnson, Titusville, New Jersey, United States

Background: The autism Behavior Inventory (ABI) was recently
developed as a novel, web-based, parent or caregiver rating
scale for assessing ASD core symptoms and associated behaviors
over a 1-week recall period1. The reliability and validity of ABI in
clinical populations has been presented elsewhere1. The current
assessments evaluate potential use of the ABI to subtype ASD
subjects.
Methods: Unsupervised clustering algorithms were applied on

baseline ABI data from ASD subjects to assess the ability of the ABI
to group patients. Data included patients from both a clinical trial
(N = 141) and a research center (N = 42). The 5 ABI domain
scores, ABI core scores and age were used to perform model
based2 and hierarchical clustering3. The tendency to cluster was
assessed using Hopkins statistic4 and visual assessments5. The
optimum number of clusters was evaluated using the elbow
method, the silhouette method and gap statistics6. The clusters
were characterized from clinical trial subjects using existing scales
including Social Responsiveness Scale (SRS), IQ (verbal, non-verbal
and composite) and Autism Diagnostic Observation Schedule
(ADOS) (Restrictive Repetitive Behavior (RRB), Social Affect and
Total scores).
Results: The range of the median values was 0.5 (ABI

Challenging Behavior) to 1.14 (ABI Core), indicating that ASD
subjects were in the low to moderate end for defined ABI scores of
0-3. Based on the Hopkin’s statistic (2) (0.31) and the visual
assessment, the tendency to cluster was moderate, with two
clusters identified.
Of the 179 ASD subjects, 102 were classified into cluster 1 and

77 into cluster 2. The proportion of subjects from each data source
in the two clusters were similar to each other (55% to cluster 1
from clinical trial data and 60% to cluster 1 from research site
data). Subjects from the research site (Mean age = 26 years) were
slightly older compared to subjects from clinical trial (mean age =
16 years), but there was no difference in the age between the two
clusters. Cluster 1 mean domain scores were significantly higher (P
< 0.05) than that of cluster 2 for all domains. SRS scores were
significantly lower (P < 0.05) in cluster 2 (mean SRS = 68)
compared to cluster 1 (mean SRS = 80). There were no significant
differences between the clusters in the other scales (P > 0.05).
Conclusions: Unsupervised clustering identified two clusters

based on 5 ABI domain scores, ABI core and age. The clustering
was along the higher and lower scores of all domains. Visual
assessment of the cluster tendency identified additional potential
clusters, but the sample sizes limited meaningful exploration.
These preliminary exploratory analyses indicate that ABI has the
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potential to subtype ASD patients. Confirmatory data are needed
from an independent sample to substantiate these findings,
including subjects with more severe autism.
Keywords: Autism, Autism Behavior Inventory, ASD Core

Symptoms
Disclosure: Nothing to disclose.

T76. It’s Not Fair - Persistence and Reward Sensitivity
Modulate Reward Omission Response in Adolescents but Not
Adults

Guido Frank*

University of California San Diego, San Diego, California, United
States

Background: Adolescence is a critical period for personality
formation, and brain reward circuits are thought to take on a key
role in that process toward developing adult goals and behaviors.
Little is known, however, how temperament and reward learning
relate to foster normal development or create vulnerabilities for
maladaptive behavior. We studied brain reward function in
adolescents and adults to identify temperamental traits that
may be specifically important for adolescent behavior adaptation.
Methods: We recruited from the community 29 healthy

adolescent girls and 41 healthy young adult women. Participants
completed the Revised Sensitivity to Punishment and Reward
Questionnaire, State-Trait Anxiety Inventory (Spielberger, 1983),
and the Temperament and Character Inventory (TCI). Brain
imaging was performed between 0800 and 0900 hours on a 3T
GE Signa scanner (three-plane scout scan 16 seconds) for sagittally
acquired, spoiled gradient sequence T1-weighted, 172 slices,
thickness = 1mm, TI = 450ms, TR = 8ms, TE = 4ms, flip angle =
12°, FOV = 22cm, scan matrix = 64 × 64, and T2*-weighted echo-
planar scans for blood-oxygen-level-dependent (BOLD) functional
activity (3.4 × 3.4 × 2.6mm voxels, TR = 2100ms, TE = 30ms, flip
angle = 70°, 28 axial slices, thickness=2.6mm, gap = 1.4mm).
Taste Reward Task (O’Doherty et al., 2003). Participants learned to
associate three unconditioned taste stimuli (US: 1 M sucrose
solution, no solution, or artificial saliva) with paired conditioned
visual stimuli (CS). Each CS was probabilistically associated with its
US such that 20% of sucrose and no solution CS trials were
unexpectedly followed by no solution and sucrose US, respec-
tively. We extracted for the prediction error analysis parameter
estimates, and for the condition analysis beta values from 18
predefined regions of interest bilaterally (http://marsbar.
sourceforge.net/, automated anatomical labeling Atlas, AAL. All
data were tested for normality with the Shapiro-Wilk test and Z-
transformed when non-normally distributed.
Results: Brain activation Group Contrasts. Unexpected Sucrose

Omission, Beta Values. The adolescent group showed a more
negative response in almost all regions tested, except for the left
superior and the bilateral medial OFC, posterior CC, caudate head,
nucleus accumbens, and left substantia nigra. (p < 0.05, multiple
comparisons corrected).
Unexpected Sucrose Omission Behavior Regression.
Adolescents versus Adults differed for: persistence and bilateral

superior FC (R: z = −2.345, p = 0.010; L: z = −2.161, p = 0.015),
superior medial FC (R: z = −2.422, p = 0.008; L: z = −2.194, p =
0.014), middle FC (R: z = −2.729, p = 0.003; L: z = −2.438, p =
0.007), superior OFC (R: z = −2.938, p = 0.001; L: z = −2.780,
p = 0.003), middle OFC (R: z = −2.594, p = 0.005; L: z = −2.593,
p = 0.005), medial OFC (R: z=−2.165, p = 0.015, L: z=−2.990, p=
0.001), inferior OFC (R: z = −3.013, p = 0.001, L: z = −3.069, p =
0.001), right anterior cingulate (z = −2.961, p = 0.002), right ventral
anterior insula (z = −2.190, p = 0.014), bilateral caudate
head (R: z = −2.799, p = 0.003, L: z = −2.622, p = 0.004),

putamen (R: z = −2.011, p = 0.022; L: z = −2.439, p = 0.007),
ventral striatum (R: z= −2.082, p = 0.019; L: z= −2.914, p = 0.002),
left nucleus accumbens (z = −2.584, p = 0.005), and for sensitivity
to reward and left inferior OFC (z = −1.949, p = 0.026), bilateral
middle cingulum (R: z = −2.455, p = 0.007; L: z = −2.433, p =
0.007), left posterior insula (z=−1.764, p = 0.039), bilateral caudate
head (R: z = −1.957, p = 0.025; L: z = −2.041, p = 0.021),
left putamen (z = −1.768, p = 0.038), and bilateral substantia nigra
(R: z = −1.694, p = 0.045; L: z = −2.022, p = 0.022).
Brain Network Analysis for Associated ROI Activation.
Unexpected Sucrose Omission, Beta Values Regional Correlation

Maps: Both groups showed significant within region correlation
clusters for FC, CC and insula and striatum, as well as correlations
between FC and CC; adolescents, but not adults, showed
correlation clusters between FC and insula and striatum and
between OFC and FC, anterior CC, insula and putamen and ventral
striatum (all p < 0.000008, p < 0.01 Bonferroni corrected).
Unexpected Sucrose Omission Adjusted for Persistence and
Sensitivity to Reward, Beta Values Regional Correlation Maps :
After adjusting for persistence, the large clusters of correlation
between FC, OFC, CC, insular and striatal regions in adolescents
largely disappeared. Additional adjusting for sensitivity to reward
did not change the pattern. Adjusting for reward sensitivity before
adjusting for persistence did not eliminate those correlations.
Conclusions: This study provides new information on brain

reward response across age groups and highlights the importance
of persistence as a temperamental trait in adolescent develop-
ment. We propose that persistence is a stable trait that especially
during adolescence moderates dopamine-related brain reward
response to unexpected omission. This affects a circular process of
immediate learning and for adaptation of brain response, followed
by adjustments in situation appraisal toward developing new
goals and behavior patterns. Over time, when transitioning from
adolescence to adulthood, life goals shift and new associations
form between temperament and brain response. Those con-
tingencies between temperamental trait and neurobiology may
become key elements of understanding learning in the normal
transition from adolescence to adulthood as well as for under-
standing vulnerability for psychiatric illness.
Keywords: Brain Imaging, fMRI, Reward, Adolescence, Person-

ality, Developmental
Disclosure: Nothing to disclose.

T77. Contributions of Prenatal Air Pollution Exposure to the
Effects of Early Life Stress on Hippocampal Subregional
Volumes and Associations With Perceptual Reasoning

Amy Margolis*, Bruce Ramphal, Virginia Rauh, Julie Herbstman,
David Pagliaccio

Columbia University Medical Center/NYSPI, Brooklyn, New York,
United States

Background: Both early life stress (ELS) and prenatal exposure to
polycyclic aromatic hydrocarbons (PAH), a component of air
pollution, are linked to adverse psychiatric outcomes. We have
shown that prenatal exposure to PAH moderates the effects of ELS
on childhood attention problems. Prior animal and human studies
link both attention problems and ELS with reduced hippocampal
volumes, and specifically in the CA3. Further, hippocampal volume
has been associated with perceptual reasoning. Herein, we
investigate if prenatal exposure to PAH moderates effects of ELS
on hippocampal volume and whether these effects are associated
with perceptual reasoning.
Methods: Thirty-seven African American and Dominican

children (7-9 years old) were recruited from a longitudinal birth
cohort. Prenatal exposure to airborne PAH was measured during
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the third trimester of pregnancy. Mothers reported perceived
stress at child age 5. At age 7–9, children completed the Wechsler
Abbreviated Scale of Intelligence-2nd edition. The Performance
Intelligence Quotient (PIQ) is used as a measure of perceptual
reasoning. Bilateral CA1, CA3, and CA4/dentate gyrus hippocam-
pal subfield volumes were extracted using Freesurfer 6.0. First,
linear regression tested the effects of PAH, ELS, and their
interaction on hippocampal subfield volumes, residualized for
age, sex, and total intracranial volume. False discovery rate (FDR)
correction was used to adjust for multiple comparisons (N = 37).
Second, we tested whether hippocampal regions predicted by the
interaction of ELS and prenatal air pollution were associated with
perceptual reasoning as measured by PIQ (N = 35).
Results: Prenatal PAH exposure moderated the effects of

maternal perceived stress on right hippocampal subfields, with
the strongest effect in the CA3 (pFDR=.04). Children with higher
prenatal PAH exposure and higher levels of maternal stress had
the smallest right hippocampal subfield volumes. Additionally,
right CA3 volume was positively associated with PIQ (p = 0.03).
Conclusions: We extend prior findings that prenatal PAH

exposure moderates the effects of ELS on child behavior to now
include the effects on hippocampal subfield volumes and
specifically the right CA3. Further we show that altered
hippocampal volume associated with a measure of perceptual
reasoning, a capacity that contributes to children’s social and
academic functioning. Such findings demonstrate the interactive,
deleterious effects of early life stress and prenatal air pollution
exposure. Furthermore, findings underscore a need to study how
mixtures of chemical and social exposures influence
neurodevelopment.
Keywords: Hippocampal Subfields, Air Pollution, Perceptual

Reasoning, Early Life Stress
Disclosure: Nothing to disclose.

T78. Complex Connectivity in Context: Extrinsic Network
Interactions Subserving Differential Socioemotional Task
Demands in Adolescents With Autism Spectrum Disorder
(ASD)

Angela Tseng, Jazmin Camchong, Sunday M. Francis, Bryon A.
Mueller, Kelvin O. Lim, Christine Conelea, Suma Jacob*

University of Minnesota, Minneapolis, Minnesota, United States

Background: Socioemotional deficits play a central role in the
Autism Spectrum Disorder (ASD) phenotype and converging
evidence suggests that individuals with ASD exhibit atypical
neural processing of affective stimuli. Surprisingly, only a handful
of studies have used task-based functional connectivity magnetic
resonance imaging (fcMRI) to examine brain regions implicated in
emotional face processing, particularly during the critical neuro-
developmental period of adolescence. Most fcMRI studies using
facial affect stimuli have reported decreased connectivity in adults
with ASD compared to typically-developing (TD) controls,
although some have shown mixed results. Further, although
incongruities have been noted in many widely-used task designs,
investigators have continued to incorporate these well-established
paradigms because they reliably activate neural circuits of interest.
We thus propose shifting our analysis and interpretation of

these existing tasks in an effort to augment our understanding of
the neural underpinnings of social deficits in ASD. By examining
functional connectivity during an entire task run of conventional
emotional face tasks rather than “subtracting” activity from
putative control conditions, we may more closely approximate
real-world, non-focal experiences of socially-relevant stimuli.
Consequently, we may be afforded insight into how individuals
with ASD and TD controls differ in their neural response to

cognitive and social demands more broadly. We hypothesize that
direct between-group comparisons (ASD vs. TD) will reveal
extrinsic functional connectivity differences associated with ASD-
related characteristics.
Methods: Using a Siemens TIM Trio 3T scanner (Erlangen,

Germany) with a 32-channel head coil, we collected task-based
fcMRI data from 34 males with and without ASD diagnoses.
Exclusion criteria were: IQ ≤ 70, known genetic syndromes related
to developmental delays, known or suspected brain malformation,
metabolic disorders, CNS infections, vision, hearing or motor
impairments, and MRI incompatibilities. Potential TD controls were
excluded if they had a history of special education or develop-
mental delay. Ten participants (6 ASD, Mean Age = 13.6 ± 2.4; 4
TD, Mean Age = 14.0 ± 2.8) were excluded from analysis due to
excessive head motion in the scanner. Our final dataset included
24 males (Ages 10-18 years): individuals with ASD (N = 11; Mean
Age: 14.5 ± 3.3 years) and age-matched individuals without ASD
(N = 13; Mean Age: 14.9 ± 2.2 years).
We selected two commonly-used paradigms in affective science

that present static images from a standardized, grayscale stimulus
set; all participants completed an emotional face-viewing task and
an emotional face-matching task (6 minutes 28 seconds each).
Beyond consistently eliciting hemodynamic activity in brain
regions subserving processing of facial affect, these two tasks
present divergent demands. The face-viewing task requires
passive viewing of adult fearful faces, happy faces, and fixation
(+) blocks. To ensure attention, participants are asked to press a
button when they see an “o” instead of a “+” during the fixation
blocks. The face-matching task requires participants to match
emotions in adult angry and fearful faces or shapes in horizontal
and vertical ellipses and respond with a button press.
To investigate the clinical meaning of group differences in

amygdala (AMG) and fusiform gyrus (FG) connectivity, we
assessed correlations between scores on the Social Communica-
tion Questionnaire (SCQ) with regions of group difference and
examined functional connectivity from these socioemotionally
relevant regions of interest (ROIs).
Results: Direct between-group comparisons revealed signifi-

cant differences (p < 0.01) in ASD and TD neural response to both
tasks but not on measures of task accuracy or reaction times. For
the emotional face-viewing task, individuals with ASD demon-
strated greater functional connectivity relative to TD controls for
both AMG and FG seeds, primarily in regions involved in the
Default Mode Network (DMN) and Fronto-Parietal Task Control
Network (FPN). While performing the emotional-face matching
task, individuals with ASD showed reduced functional connectivity
relative to TD controls for both AMG and FG seeds, mainly in
regions associated with the Salience Network (SN), Dorsal
Attention Network (DAN), and Somatosensory Networks (SMN).
Multiple linear regression analyses showed significantly positive
correlations between SCQ scores and regions with group
differences on the emotional face-viewing task and negative
correlations between SCQ scores with regions identified for the
emotional face-matching task (p < 0.05).
Conclusions: Our findings demonstrate atypical, task-

dependent integration of neural circuitry between adolescents
with ASD and TD controls despite comparable performance on
both tasks. These distinct patterns of functional connectivity also
correlate significantly with clinical measures of ASD traits. Results
will be discussed in terms of the differential demands posed by
each task, the ecological validity of behavioral tasks broadly, and
contextually-relevant processing of socioemotional stimuli. Addi-
tionally, we will propose potential compensatory strategies used
by high-functioning individuals with ASDs as they work to
navigate a complex, social world.
Keywords: fMRI Functional Connectivity, Autism Spectrum

Disorder, Facial Emotional Processing, Task-Based Functional
Connectivity, Social Communication
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T79. Sex Differences in Mild TBI, Internalizing, and
Externalizing Behaviors in a Large-Scale Population Study of
Youth

Erin McGlade*, Chandni Sheth, Rebekah Huber, Perry Renshaw,
Deborah Yurgelun-Todd

University of Utah School of Medicine, VISN19 MIRECC, Salt Lake City,
Utah, United States

Background: Mild traumatic brain injury (mTBI) accounts for over
85% of TBI diagnoses in children (Rivara, Koepsell et al. 2011) and is
associated with long-term adverse events including depression,
anxiety, and reduced cognitive functioning, creating significant
public health concern (Babikian, Merkley et al. 2015). Research has
shown that sex differences in TBI are significant, as males represent
the majority of TBI cases across ages, and age-adjusted TBI-related
hospitalization rates for males are consistently higher than for
females (Coronado, Haileyesus et al. 2015). Despite the prevalence of
TBI in males compared to females and the importance of
understanding factors related to TBI outcome, limited research has
examined the interaction between TBI and clinical symptoms by sex
in youth. This study examined internalizing, externalizing, and
problem behaviors in children with and without mTBI to determine
whether there was a significant difference in clinical profiles of
children with a history of mTBI by sex.
Methods: The sample included 10,544 nine- and ten-year-old

children from the Adolescent Brain Cognitive Development℠
Study (ABCD Study®). Parents completed a variety of measures
including the Child Behavior Checklist (CBCL) and Modified Ohio
State University TBI Screen-Short Version (OSU-TBI). CBCL scores
on the Withdrawn, Anxious/Depressed, and Somatic Complaints
syndrome scales were combined to create an Internalizing
summary score, whereas scores on the Aggressive and Delinquent
syndrome scales were combined for the Externalizing summary
score. These scores were combined with the remaining syndrome
scales (Social, Thought, Attention, and Other) to create a Total
Problems score. Participant mTBI status was classified as 1) no TBI
if they had negative responses to all head injury questions or
response to head injury was ‘yes’ but responses to Loss of
Consciousness (LOC) and memory loss were “no” 2) mTBI-LOC if
they endorsed TBI without LOC but with memory loss and 3) mTBI
+LOC if they reported TBI with LOC less than/equal to 30 minutes.
Generalized additive mixed models (GAMMs) were run to examine
the association between TBI and parent-reported CBCL scores with
age, sex, race, ethnicity, and parental socioeconomic status (SES)
included as covariates.
Results: Participants had a mean age of 9.9 years. The sample

included 5,058 girls (48%) and 5,486 boys (52%). There were
10,142 participants who reported no TBI, 285 with mTBI without
LOC and 117 who endorsed mTBI with LOC in their lifetime. Seven
participants who met criteria for lifetime moderate or severe TBI
were excluded from analyses due to the small sample size. Boys
had a higher incidence of mTBI with and without LOC than girls
after controlling for other sociodemographic variables (p = 0.01;
girls mTBI-LOC = 111, boys mTBI-LOC = 174, girls with mTBI+LOC
= 46, boys with mTBI+LOC = 71). Significant associations were
seen between mTBI and CBCL scores such that participants with a
lifetime history of mTBI-LOC and mTBI+LOC had higher Inter-
nalizing (Cohen’s d = 0.39), Externalizing (Cohen’s d = 0.31), and
Total Problems (Cohen’s d = 0.40) CBCL scores compared to youth
without mTBI (p < 0.0001). There was also a main effect of sex with
boys demonstrating higher Internalizing (Cohen’s d = 0.18),

Externalizing (Cohen’s d = 0.15), and Total Problem CBCL scores
(Cohen’s d = 0.19) when compared to girls (p < 0.0001). There was
no significant interaction between sex and diagnosis (internaliz-
ing: F = 1.6, p = 0.21; externalizing: F = 0,11, p = 0.89; total: F =
0.48, p = 0.62).
Conclusions: Overall, our study revealed that in this large sample

of youth between 9 and 10 years old, boys were more likely to have
a history of mTBI and had higher internalizing and externalizing
problems compared to girls. Internalizing and externalizing scores
were associated with a history of mTBI. However, there was no TBI
by sex interaction, suggesting that the higher CBCL scores
associated with mTBI were not dependent on sex. The current
study is cross sectional and cannot address whether externalizing or
internalizing behaviors play a causal role in mTBI. Given reports from
other studies that boys have worse outcomes after TBI such as
depressive and anxious symptoms, somatic concerns, attention
difficulties, defiant behavior and aggression, our findings highlight
the need for not only prevention but also for early clinical
interventions even when the TBI is considered mild. The higher
incidence of mTBI in boys and evidence that boys often have worse
trajectories post-TBI suggest that early interventions should be
targeted to boys and focus on treatment of both internalizing and
externalizing behaviors.
Keywords: TBI, Sex Differences, Children, Internalizing Behavior,

Externalizing Behavior
Disclosure: Nothing to disclose.

T80. ERP Task Reveals Potential Compensatory Neural
Mechanisms Aiding Cognitive Flexibility in Fragile X
Syndrome

Lauren Schmitt*, Ernest Pedapati, Rui Liu, Craig Erickson, John
A. Sweeney

Cincinnati Children’s Hospital, Cincinnati, Ohio, United States

Background: Cognitive flexibility is highly impaired in Fragile X
Syndrome (FXS), the most common inherited intellectual disability
and monogenic cause of autism spectrum disorder. This is seen in
resistance to change in routines and increased anxiety when a
preferred response is prevented. The alterations in neural processes
underlying these deficits remain unclear, limiting advances in
mechanistic understanding and treatment development.
Methods: Sixteen participants with full-mutation FXS (7 males, 15-

45 years) and 15 typically-developing controls (TDC; age- and sex-
matched) completed a spatial reversal learning paradigm during
continuous EEG recording using a 128-channel EGI system.
Participants were instructed to select the box in the correct location,
with correct location changing following 3-5 consecutive correct
responses. Data were epoched from -500 to 800ms with respect to
the onset of response feedback, as indicated by a coin (correct) or
red ‘X’ (incorrect). We examined fronto-parietal event-related
potentials (ERPs) following feedback onset: N1, P3a, and P3b. ERPs
were defined as the minimum or maximum amplitudes in a time
window centered on the grand average peak amplitude +/− 50ms.
Average peak amplitude and peak latency were calculated for each
participant. Exploratory clinical associations also were examined.
Results: Fronto-central N1 and P3a amplitudes were increased,

and central-parietal P3b amplitudes and latencies were increased
in FXS compared to TDC. Amplitude elevations in FXS were
present regardless of feedback type and remained significant after
controlling for IQ. Elevated P3a and P3b amplitudes were related
to fewer flexibility errors and less severe parent-rated repetitive
and anxious behaviors.
Conclusions: Separately examining fronto-central and central-

parietal clusters, we demonstrated atypical amplitude and timing of
ERPs in individuals with FXS during a reversal learning EEG task,
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providing novel evidence of frontoparietal network functioning
related to cognitive flexibility deficits in FXS. Individuals with FXS
demonstrated increased amplitudes following behavioral feedback
for both P3 components as well as for N1. These findings suggests
hyper-responsiveness to visual feedback stimuli (N1, P3a), consistent
with studies examining evoked responses to sensory stimuli, and
increased cognitive effort (P3a, Pb3) necessary for completing a
relatively simple cognitive task. Exaggerated P3 amplitudes of ERPs
in individuals with FXS were related to fewer errors and less severe
clinical features, suggesting increased amplitudes of ERPs in FXS
participants may actually represent compensatory neural mechan-
isms to support flexible behavior among some individuals. Together,
our findings provide novel insight into a critically under-studied
domain of behavioral problems in FXS and their neurophysiological
mechanisms.
Keywords: Fragile X Syndrome, Event-Related Potentials,

Cognitive Flexibility, Cognitive Neuroscience, Reversal Learning
Disclosure: Nothing to disclose.

T81. A Computationally-Identifiable Dimensional Structure in
Neonatal Social Communication Predicts Post-Pubertal Social
Behaviors in a Mouse Model of 16p11.2 Deletion

Mitsuteru Nakamura, Kenny Ye, Mariel Barbachan e Silva,
Takahira Yamauchi, Daniel Hoeppner, Amir Fayyazuddin, Gina
Kang, Masako Nagashima, Shingo Enomoto, Takeshi Hiramoto,
Richard Sharp, Katsunori Tajinda, Megumi Adachi, Takuma
Mihara, Shin-ichi Tokuno, Mark Geyer, Pilib Ó Broin, Mitsuyuki
Matsumoto, Noboru Hiroi*

The University of Texas Health Science Center At San Antonio, San
Antonio, Texas, United States

Background: The variable developmental trajectories among
carriers of copy number variants (CNVs) remain a major challenge
for early and precise diagnoses. An objective and quantitative
method of predicting the developmental trajectories of infants
early in life is needed for two reasons. First, a better understanding
of the variable developmental trajectories would provide mechan-
istic insights into developmental neuropsychiatric disorders
associated with CNVs. Second, because some forms of early
intervention improve the prognoses of ASD, identification of
genuine early signs are essential to avoid false positive and false
negative signs. Carriers of hemizygous deletion at human
chromosome 16p11.2 exhibit autism spectrum disorder (ASD),
other developmental neuropsychiatric disorders and atypical
motor, social, and cognitive developmental trajectories at elevated
rates. However, there are many cases of apparently “normal” or
inconsistent phenotypes in mouse models of 16p11.2 deletion. We
independently developed a coisogenic model of 16p11.2 deletion
and prospectively applied deep-phenotyping and computational
data mining to identify quantitative variables in neonatal social
communication that predict later behavioral abnormalities and
determine the degree of predictability of neonatal dimensions of
social communication for post-pubertal social behaviors.
Methods: We developed a coisogenic mouse model of human

16p11.2 hemizygous deletion through in vitro Cre-mediated
recombination of a 378 kb region of the 7qF3 region spanning
from Mapk3 to Spn genes, a mouse region homologous to the
human 16p11.2 locus, and applied computational approaches to
identify dimensions in neonatal social communication that have
predictive power for post-pubertal social behaviors in a co-
isogenic mouse model of human 16p11.2 hemizygous deletion
(Del/+) and their wild-type littermates (+/+). ES cells derived from
C57BL/6N were used for gene targeting and the same inbred
mouse was used for breeding. Male mice were tested prospec-
tively for vocalization induced by a brief maternal separation at

the neonatal stage (P8 and P12, +/+, n = 29; Del/+, n = 15), and
subsequently, mice survived to 1 month of age were tested for
behaviors relevant to developmental neuropsychiatric (+/+, n =
14-20; Del/+, n = 8-9). To identify neonatal dimensions that
predict later social behaviors, we applied machine learning and
other computational data mining. Variables of neonatal vocaliza-
tions were selected by least absolute shrinkage and selection
operator (Lasso) and Markov model, and regression models were
constructed to predict post-pubertal social behaviors. We
compared the Statistical Analyses Group means using analysis of
variance (ANOVA), Newman-Keuls post-hoc tests, or two-sided t-
tests when there were only two groups. A probability of < 0.05
was considered significant. When multiple tests were applied to a
dataset, the significance level was adjusted using Benjamini-
Hochberg’s correction. When homogeneity of variance or normal-
ity was violated, Wilcoxon non-parametric tests were used.
Results: RNA-seq analysis confirmed that the expression of

genes encoded in the deleted region was significantly reduced in
Del/+ mice, compared to +/+ mice (p < 0.05).
Neonatal Del/+ and +/+ littermates were indistinguishable at

P8 and P12 in the average numbers of each call type and in
all calls. At 1 month of age, Del/+ mice were indistinguishable
from +/+ littermates in reciprocal social interaction (P > 0.05).
However, Del/+ mice exhibited fewer olfactory responses and less
habituation to a social odorant (i.e., urine smell of another mouse),
compared to +/+ mice at 1 month of age (p = 0.001).
Lasso determined that two-call sequences from Frequency

steps to Flat and from Complex to Upward best predicted post-
pubertal reciprocal social interaction in +/+ mice (p = 0.012 to
p = 9.8 x 10-5 for model fitness of all predictive models). The best
predictors for the time mice spent in sniffing another mouse’s
urine were the ratio of Complex in +/+ mice, and the probability
of transition from Ambiguous to Downward in Del/+ mice (p =
0.0052 to p = 3.1 x 10-5 for model fitness).
Markov models identified frequently used neonatal call-

sequences that were correlated with social behaviors. Frequent
steps to Flat, Hump to Downward, and Two-syllable to Flat were
correlated with reciprocal social interaction in +/+ (p = 0.0079 to
p = 9.8 x 10-5 for model fitness); Flat to Flat and Complex to Flat
were predictors for Del/+(p = 0.012 to p = 0.0019 for model
fitness). Hump to Downward was correlated with an olfactory
response to a social cue in both +/+ and Del/+ (p = 0.022 to p =
5.7 x 10-5 for model fitness).
Conclusions: We developed predictive models from neonatal

social communication for reciprocal social interaction and
olfactory response to a social cue in a mouse model of 16p11.2
deletion, based on a) all independent variables including call
features and genotype by Lasso regression models and b)
frequently emitted two-call sequences by Markov models. These
approaches collectively generated predictive paths from neonatal
social communication to post-pubertal social behaviors.
Keywords: CNV, 16p11.2, ASD, Developmental Neuropsychiatric

Disorders, Mouse
Disclosure: Nothing to disclose.

T82. Modeling Generational Consequences of the Perceived
Stress of Racism on Maternal-Infant Health Outcomes

Yasmine-marie Cissé*, Sierra Carter, Tanja Jovanovic, Tracy
Bale

University of Maryland School of Medicine, Baltimore, Maryland,
United States

Background: Despite major advancements in maternal-fetal
health, African-American women and their infants are three
times more likely to die in childbirth or postpartum than their
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non-Hispanic white counterparts, independent of education and
income. A known contributing factor pervasive across socio-
economic status is the stress of racism. Cumulative racial
discrimination experienced across the lifespan precipitates a
state of chronic stress, termed allostatic load or “weathering”.
This increase in allostatic load is supported by blunted circadian
cortisol rhythms, impaired stress responses, and increased risk of
chronic and inflammatory diseases in African American women.
Lifetime adversity experience prior to conception is also a strong
predictor of adverse perinatal outcomes and offspring neuro-
developmental disorders. As pregnancy is a time of incredible
metabolic demand, increased allostatic load prior to pregnancy
may contribute to changes in the maternal milieu that affect
offspring development. However, little is known about the
biological mechanisms involved. We have developed a novel
mouse model of maternal preconception stress where female,
but not male, offspring show dramatic changes in the fetal brain
transcriptome and hypersensitivity to stress as adults. We
hypothesize that preconception adverse experiences program
persistent changes in the maternal milieu that are unmasked by
the energetic demands of pregnancy. Here, we examine the
programmatic role of preconception maternal experiences on
the earliest stages of development, the oocyte and early
embryo.
Methods: A subset of African-American women, recruited as a

part of a larger study on risk factors of PTSD, were assessed for
lifetime trauma history and discrimination experience. Plasma
samples from all participants were used to quantify circulating
cell-free mitochondrial DNA. Circulating cell-free mitochondrial
DNA is a peripheral biomarker of cellular stress, and is positively
associated with chronic metabolic, inflammatory, and affective
disorder severity and recovery. We evaluated circulating cell-free
mitochondrial DNA as a biomarker of the persisting effects of
stress in the plasma of African-American women reporting high
and low lifetime discrimination experience. To validate our
translational mouse model, we also evaluated circulating cell-
free mitochondrial DNA from female mice 4 weeks post-chronic
stress.
To evaluate the role of the maternal milieu as a mechanism of

maternal preconception stress (MPS) programming, adult female
mice (Fo) were exposed to chronic stress from 4-10 weeks of age,
followed by two weeks to recover from the acute effects of stress,
prior to mating. MPS and control females (Fo) were bred, and
embryos were transferred into naïve recipient females. The
resulting offspring (F1) were followed for growth and assessed
as adults for hypothalamic-pituitary-adrenal (HPA) stress axis
reactivity.
Results: African-American women who report experiencing

high lifetime discrimination had elevated circulating cell-free
mitochondrial DNA, supporting previous reports of increased
allostatic load. Female mice (Fo) exposed to our chronic stress
paradigm also increased circulating cell free mitochondrial DNA
four weeks after the cessation of stress, consistent with human
data and indicating a persistent effect of previous stress
experience. Changes in offspring (F1) placental and fetal brain
transcription suggest long-lasting sex-specific programming.
Therefore, embryos from MPS and control females were
transferred into naïve recipient dams and tested for stress-
responses in adulthood, allowing us to dissect persistent MPS
effects on the maternal milieu (F0) from embryonic program-
ming (F1) in driving sex-specific changes in offspring
neurodevelopment.
Conclusions: These studies support the role of circulating cell-

free mitochondrial DNA as a persistent biomarker of lifetime
adversity in humans and chronic stress in mice. These results also
highlight the importance of maternal (F0) preconception adverse
experiences on female offspring (F1) specific neurodevelopment.
Taken together, these data suggest a generational effect of

cumulative adverse experiences including racism stress, through
heightened stress responses in female offspring (F1), perpetuating
programmatic changes to the stress axis in females and increasing
risk across subsequent generations (Fn).
Keywords: Lifetime Stress, Stress and Trauma, Circulating

Mitochondrial DNA, Developmental Trajectory, Health Disparities
Disclosure: Nothing to disclose.

T83. A Nonhuman Primate Model of Human Non-Suicidal Self-
Injury: Serotonin-Transporter Genotype-Mediated Typologies

Elizabeth K. Wood, Stephen Suomi, David Goldman, Christina
Barr, James Harris, J. Dee Higley*

Brigham Young University, Provo, Utah, United States

Background: While non-suicidal self-injury (NSSI) occurs in the
general population at a surprisingly high rate, with higher rates
among certain clinical diagnoses, its etiology is not well-
understood. Consequently, the DSM-5 lists NSSI as requiring
further research. This study utilizes a rhesus macaque model to
assesses the role of early adverse experiences and variation in the
serotonin transporter genotype (5-HTT) in the etiology of NSSI.
Methods: Subjects (N = 161) were reared in one of three

conditions (mother-reared (MR), peer-reared (PR), or surrogate
peer-reared (SPR)), and classified as NSSI (n = 18) or non-NSSI (n =
143). Subjects were genotyped for the 5-HTT genotype and their
behaviors were recorded during an ecologically-meaningful,
stress-evoking, intruder challenge paradigm. At the end of the
paradigm, blood samples were obtained and assayed for
concentrations of plasma cortisol and adrenocorticotropic hor-
mone (ACTH).
Results: NSSI subjects were more likely to be SPR, than MR or

PR, paralleling human studies showing that individuals that exhibit
NSSI tend to have experienced early life abuse or neglect. Results
also indicated that variation in the 5-HTT genotype differentiated
the NSSI-afflicted subjects. NSSI subjects that were homozygous
for the L allele exhibited high plasma ACTH and high rates of
stress-induced stereotypies; whereas NSSI subjects with the s
allele exhibited impulsive behaviors, including frequently
approaching the potentially dangerous intruder, high rates of
aggressive vocal threats, and more activity.
Conclusions: These results suggest that there may be different

5-HTT genotype-mediated NSSI typologies, and that early
experiences and variation in the 5-HTT genotype may be
important factors in understanding the etiology of NSSI.
Keywords: Non-Suicidal Self-injury (NSSI), Serotonin Transpor-

ter Genotype, Nonhuman Primate Model, Impulsivity, Early
Rearing
Disclosure: Nothing to disclose.

T84. Altered Neural Response to Novel Social Stimuli in
Behaviorally Inhibited Preschool Children

Judith Morgan*, Jennifer Silk, Koraly Perez-Edgar, Theodore
Huppert

University of Pittsburgh, Pittsburgh, Pennsylvania, United States

Background: Behavioral inhibition (BI), a common temperament
trait characterized by inhibited behavior in response to new
stimuli, is associated with a sevenfold risk for social anxiety
disorder in adolescence and adulthood. Behavioral work has
identified social flexibility, the ability to flexibly attend to new
information in social contexts and update one’s goal-directed
behavior in response, as a core deficit that may influence anxiety
trajectories. Little to no work has evaluated neural correlates of
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social flexibility in very young BI children. Understanding the
nature of neural deficits at this age could aid clinicians in creating
developmentally sensitive interventions that target this circuitry.
The aim of this study was to delineate the neural circuitry
underlying social flexibility in BI children, using an ecologically
valid task and non-invasive imaging methods. The ventrolateral
prefrontal cortex (vlPFC) is involved in flexibly updating goal-
directed behavior and is part of a ventral attention network
junction which is involved in orienting toward new stimuli. Some
work has implicated diminished activity in the vlPFC in BI and
social anxiety in adolescents. Capturing neural patterns during the
preschool period in which BI traits are first observable and
stabilizing will allow us to uncover neural alterations associated
with this early trait. Encouraging BI children to engage in new
social experiences (i.e., via exposures) could elicit changes in
circuitry involved in social flexibility, thereby allowing children to
update social information in the environment (i.e., recognize
unfamiliar child is smiling). Increased function in social flexibility
regions could help remove uncertainty from social environments,
reduce vigilance, and aid in greater approach to new stimuli.
Indeed, vlPFC activation has been shown to increase following
cognitive behavioral therapy (CBT), although the mechanism
involved is still unknown. The use of near-infrared spectroscopy
(NIRS), a non-restrictive child-friendly optical imaging method that
allows for naturalistic social interaction, during in vivo exposures
could elucidate how changes in vlPFC with CBT occur. We
hypothesized that 3- to 5-year old children high on BI would show
lower activity in regions implicated in social flexibility, specifically
the ventrolateral prefrontal cortex.
Methods: Participants were 48 3- to 5-year old preschool

children, 23 with high levels of behavioral inhibition (BI) and 25
with low levels of behavioral inhibition (BN) based on parent-
report on the Behavioral Inhibition Questionnaire (BIQ). Of these
48 children, 50% were girls. Children and parents participated in a
laboratory visit for near-infrared spectroscopy (NIRS) while
children completed the Playdate task, a previously validated task
in which participants selected children for a future playdate from
images of unfamiliar, age-matched peers (see Howarth et al.,
2013). Children then received feedback about which peers chose
to have a playdate with them in the future. Feedback thus fell into
one of four conditions—interested/accepted, not-interested/
accepted, interested/not-accepted, and not-interested/not-
accepted. Prior work has demonstrated that higher levels of
behavioral inhibition was associated with greater emotional
distress to the not-interested/accepted condition (i.e., being
picked for a playdate by a peer that the target participant did
not like). Parents also reported on child anxiety using the
Preschool Anxiety Scale.
Results: BI and BN children did not differ on age, sex, or

presence of parent anxiety disorders. BI children had higher scores
on the Preschool Anxiety Scale (PAS) relative to BN children (MBI=
24.04, MBN = 5.39, F = 75.62, p < 0.001). As hypothesized, in
response to being accepted by a non-liked peer, BI children
showed lower neural response in the left and right lateral
prefrontal cortex (BA 10) and the right TPJ (t = −5.01, pFDR <
0.001; t = −3.92, pFDR <0.001, t = −4.92, pFDR <0.001
respectively) compared to BN children.
Conclusions: The current study’s design mirrors an exposure

likely to be implemented during therapy. Specifically, children
are asked to plan a playdate with a set of unfamiliar peers,
which can be anxiety provoking for behaviorally inhibited
children. Findings from the current study can elucidate neural
circuitry involved during exposures and how this circuitry is
related to concurrent child behavior and changes in behavior
over time. Specifically, our findings that BI children show lower
activity in regions within the ventral attention network (i.e.,
vlPFC and TPJ) may suggest that BI children have difficulty
flexibly attending to new information in social contexts (new

peer is smiling and looks friendly) and updating goal-directed
behavior in response (wanting to play with this new peer in
spite of initial impression). Thus, this neural pattern may
reinforce emotional distress and avoidance rather than promot-
ing social approach. If replicated, interventions that target these
neural regions may be helpful for promoting socially flexible
behavior in novel situations.
Keywords: Anxiety, Social Behavior, Temperament
Disclosure: Nothing to disclose.

T85. Stress Impacts Corticoamygdalar Connectivity in an Age-
Dependent Manner

Daniela Uliana*, Felipe Gomes, Anthony Grace

University of Pittsburgh, Pittsburgh, Pennsylvania, United States

Background: Stress is a socio-environmental risk factor for the
development of psychiatric disorders with the age of exposure
potentially determining the later outcome. Several brain regions
mediate stress responsivity, with a prominent role of the medial
prefrontal cortex (mPFC) and basolateral amygdala (BLA)
and their reciprocal inhibitory connectivity. Here we investi-
gated the impact of stress exposure during adolescence
and adulthood on the activity of putative pyramidal neurons
in the BLA and corticoamygdalar plasticity using in vivo
electrophysiology.
Methods: 155 male Sprague-Dawley rats were subjected to a

combination of footshock/restraint stress in either adolescence
(postnatal day 31-40) or adulthood (postnatal day 67-76). In vivo
extracellular recordings of spontaneously active putative pyrami-
dal neurons in the BLA and plasticity recordings of the BLA-mPFC/
mPFC-BLA pathway were performed after 1-2 and 5-6 weeks of
either adolescent and adult stress. Different animals were used for
spontaneous BLA pyramidal neuron activity and plasticity record-
ings. All procedures were carried out in accordance with the NIH
Guide for the Care and Use of Laboratory Animals and approved
by the Institutional Animal Care and Use Committee at the
University of Pittsburgh.
Results: Both adolescent and adult stress increased the number

of spontaneously active putative BLA pyramidal neurons 1-2
weeks (2-way ANOVA, p < 0.05 for condition, n = 5-6), but not 5-6
weeks post-stress (2-way ANOVA, p>0.05). No changes were found
in the firing rate of the cells recorded in both time-points after
adolescent and adult stress (2-way ANOVA, p > 0.05). High-
frequency stimulation (HFS) of BLA and mPFC depressed evoked
spike probability in the mPFC and BLA, respectively, in adult (2-
way ANOVA, p < 0.05 for time, n = 6-7) but not adolescent rats (2-
way ANOVA, p > 0.05 for time, n = 6-7). In contrast, an adult-like
BLA HFS-induced decrease in spike probability of mPFC neurons
was found 1-2 weeks post-adolescent stress (2-way ANOVA, p <
0.05 for condition, time, and interaction, n = 6-8). At adulthood,
impairments in mPFC and BLA neuron discharge were found 1-2
weeks post-stress after BLA and mPFC HFS (2-way ANOVA, p <
0.05 for time, condition, and interaction, n = 6-9), respectively. No
change was found 5-6 weeks post-adolescent or adult stress (2-
way ANOVA, p > 0.05 for condition, n = 6-9).
Conclusions: Our findings indicate that stress during adoles-

cence may accelerate the development of BLA-PFC plasticity,
probably due to BLA hyperactivity, which can also disrupt the
reciprocal communication of BLA-mPFC after adult stress. There-
fore, precocious BLA-mPFC connectivity alterations may represent
an early adaptive stress response that ultimately may contribute
to vulnerability to adult psychiatric disorders.
Keywords: Chronic Stress, Adolescence, Basolateral Amygdala,

Medial Prefrontal Cortex
Disclosure: Nothing to disclose.
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T86. Sensory Mechanisms of Motor Variability and Regularity
in Autism Spectrum Disorder

Robin Shafer*, Zheng Wang, Matthew Mosconi

University of Kansas, Schiefelbusch Institute for Life Span Studies,
Lawrence, Kansas, United States

Background: Deficits in sensorimotor integration are highly
prevalent in persons with Autism Spectrum Disorders (ASD) and
are associated with more severe core symptoms. Our prior ASD
studies of precision manual motor control demonstrate increased
variability and regularity that are exacerbated when visual
feedback is either enhanced or degraded. These findings suggest
individuals with ASD show an over-reliance on visual feedback
during basic motor actions. Other studies have indicated
individuals with ASD show a heightened reliance on propriocep-
tive feedback information during motor learning, suggesting
separate sensory feedback processes may be selectively altered in
ASD. To clarify sensory mechanism of increased motor variability
and regularity in ASD, the present study characterized precision
manual motor behavior during conditions in which visual or
proprioceptive feedback was altered.
Methods: Forty-three participants with ASD (M: 32, F: 11) and

23 controls (M: 11, F: 12), ages 10-20 years, completed tests of
precision gripping. Participants were instructed to squeeze on a
force sensor with their dominant hand index finger and thumb.
During gripping, they viewed a stationary target force bar and a
separate force bar that moved up with increased force. They were
instructed to press on the force sensors so that the force bar
reached the level of the target bar, and then to keep it as steady as
possible. Visual feedback was manipulated by changing the visual
gain of the force bar across three levels (low, medium, and high).
The force bar moved less per change in force output for lower
compared to higher gains. To assess the impact of altering
proprioceptive feedback, 80 Hz tendon vibration was applied at
the wrist to induce a proprioceptive illusion of muscle contraction
and compared to a condition with the tendon vibrator turned off.
Force variability (standard deviation) and regularity (sample
entropy, or SampEn) each were examined using separate multi-
level models (MLM) including random slopes for participant,
Group, Gain Level, Vibration Frequency, Age, and all 2- and 3-way
interactions as predictors.
Results: Individuals showed less change in force variability

during tendon vibration compared to TD controls (Group x
Tendon Vibrator condition: t = −1.97, p = 0.0496). Individuals
with ASD also showed stronger age-associated reductions in force
variability relative to controls across tendon vibrator conditions
and gain levels (Group x Age: t = −4.71, p < 0.0001). Individuals
with ASD also showed greater age-associated increases in force
regularity relative to controls, especially at higher gain levels
(Group x Gain Level x Age: t = −3.22, p = 0.0014). Individuals with
ASD showed age-associated increases in regularity across tendon
vibrator conditions, but these age-associated gains were only seen
in controls during conditions in which proprioceptive feedback
was not manipulated (Group x Vibration Frequency x Age: t =
2.46, p = 0.0144).
Conclusions: Our findings indicate that while controls integrate

both proprioceptive and visual feedback information during
precision manual motor control, persons with ASD rely primarily
on visual feedback and show minimal change in performance
when proprioceptive feedback is disrupted. Our results also
suggest altered developmental trajectories of sensorimotor
processing in individuals with ASD. Control participants show
minimal change in motor variability and regularity across our age
range while persons with ASD continue to show age-associated
gains across adolescence and early adulthood suggesting

sensorimotor issues may be more prominent in early
development.
Keywords: Sensorimotor, Entropy, Autism Spectrum Disorder

and Related Syndromes, Motor Behavior
Disclosure: Nothing to disclose.

T87. Reduced Incentive Salience to Monetary Reward-Related
Stimuli in Anorexia Nervosa

Reza Tadayon-Nejad*, DS-Adnan Majid, Riddhi Rane, Huan
Wang, Teena D. Moody, Stuart B. Murray, Jamie D Jamie

University of California at Los Angeles, Santa Monica, California,
United States

Background: Beside impairment in food reward processing,
anorexia nervosa (AN) is also associated with aberrant non-food
reward processing manifested as abnormal reward responsive-
ness, reduced novelty seeking, and lower willingness to pursue
hedonic activities. This subject, however, has been underinvesti-
gated in the field of anorexia research. This project explored an
important aspect of non-food-related reward processing in AN,
motivation to obtain (monetary) reward, from neurobehavioral
perspective by using and integrating concepts and methods from
affective neuroscience and neuroimaging.
Methods: Fifty-four adolescents (controls: n = 25; AN: n = 29)

were recruited for this study. All participants performed a
monetary reward task in the MRI scanner in which they pushed
a button after visual cues to potentially obtain a monetary reward.
Our primary behavioral outcome measure, response time (RT), was
calculated as the duration between the presentation of a visual
cues and a button push to initiate the task to obtain the monetary
reward. We hypothesized that RT is mediated by activation of the
mesolimbic circuit involves in incentive salience: ventral tegmen-
tal area/substantia nigra pars compacta (VTA/SNc), and its
connectivity with nucleus accumbens (NAcc). Regional activity of
VTA/SNc and VTA/SNc-NAcc functional connectivity (tested by
Psychophysiological interaction (PPI) method) during RT were
measured for all subjects. Neurobehavioral coupling mechanisms
underlie incentive salience (motivation) to acquire reward were
assessed by measuring the association between RT and VTA/SNc
activity or VTA/SNc-NAcc connectivity.
Results: In control subjects, we found neuronal engagement of

the motivation circuit during RT period, manifested by increased
activity in the ventral tegmental area/substantia nigra pars
compacta (VTA/SNc), and its connectivity with nucleus accumbens
(NAcc), relative to baseline. Moreover, significant negative
correlations were detected between RT duration and the level of
activity in VTA/SNc (p = 0.005, r = −0.54) alongside with a
significant negative correlation between RT duration and value of
the right VTA/SNc-NAcc functional connectivity in controls. Those
with AN showed significantly longer RT compared to controls (AN
= 1.3 ± 0.1 s vs controls = 1.1 ± 0.1 s ; p = 0.04; controlled for age
and puberty score) with significantly lower connectivity between
the right VTA/SNc and left NAcc. Unlike healthy controls, no
significant correlation was detected between RT duration and
VTA/SNc activity level or VTA/SNc-NAcc functional connectivity in
those with AN.
Conclusions: Our findings provide behavioral evidence of

impaired incentive salience (motivation) to acquire non-food-
related reward is in AN. Based on our neuroimaging results, we
suggest dysfunction in the motivation circuit (decreased the
connectivity between VTA/SNc and NAcc regions) and abnorm-
ality in the underlying neurobehavioral coupling as the neurobio-
logical mechanisms of aberrant motivation in AN.
Keywords: Anorexia Nervosa, Monetary Reward, Mesocortico-

limbic System, Brain Imaging, fMRI
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T88. Resting-State Internetwork Influence Predicts Treatment
Response in Women With Bulimic-Spectrum Eating Disorders

Laura Berner*, Alan Simmons, Xinze Yu, Erin Reilly, Angeline
Krueger, Joanna Chen, Mary Ellen Trunko, Walter Kaye

Icahn School of Medicine at Mount Sinai, Scarsdale, New York, United
States

Background: Difficulty regulating intense, volatile emotion has
been consistently implicated in the development and mainte-
nance of binge eating and purging. In addition, some data suggest
that severe emotion dysregulation predicts a more chronic course
of illness in bulimic-spectrum disorders. However, the neural
underpinnings of these emotion-symptom dynamics remain
uncharacterized. In the current study, we used Dependency
Network Analysis (DEPNA), a graph theoretical approach, to
investigate whether interactions between emotion regulation
and emotion reactivity circuits can predict treatment response.
The method assesses functional relations between networks by
quantifying the influence of each brain area in one network over
the correlations between all pairs of brain areas in another
network. DEPNA has been used to study anxiety, mood, and
neurodegenerative disorders, but this is its first application in
eating disorders.
Methods: Adult female patients with bulimic-spectrum eating

disorders in an intensive dialectical behavior therapy program
(n = 19) and female healthy controls (n = 19) completed an eyes-
open resting-state fMRI scan. Patients subsequently completed
biweekly surveys throughout treatment. Emotion regulation and
reactivity network nodes were selected and categorized based on
results of a meta-analytic search in Neurosynth and a theoretical
neural model of emotion regulation. For each participant, DEPNA
quantified internetwork influences of each regulation node on the
entire reactivity network, as well as the total internetwork
influences of each network on the other. The total influence of
the reactivity network on the regulation network was subtracted
from the influence of the regulation network on the reactivity
network to generate a relative internetwork influence value. T-
tests compared groups on internetwork influences at baseline.
Multilevel models were used to identify internetwork influences
that modulated the slope of change in symptoms and therapeutic
skills use over the course of treatment.
Results: Although no group differences in inter-network

influences were statistically significant, stronger relative influences
of the regulation network on the reactivity network at baseline
predicted larger decreases in purging frequency (z = 6.31) and
larger increases in therapeutic skills use (z = 2.98) over treatment
(p’sFDR < 0.05). At the nodal level, stronger influences of
ventrolateral prefrontal cortical regulation network nodes on the
reactivity network predicted larger decreases in binge eating (z =
−2.01) and larger decreases in impulsive action in the context of
negative emotion (z = −2.22; p’s < 0.05, uncorrected).
Conclusions: These preliminary findings suggest that individual

differences in network organization predict treatment response in
bulimic-spectrum disorders. Quantifying the impact of emotion
regulation circuits on emotion reactivity circuits may help identify
those most and least likely to benefit from existing treatments.
Increasing this inter-network influence could also be a mechanistic
target for new interventions.
Keywords: Graph Theory, Neural Predictors, Eating Disorders,

Emotion Circuitry, Treatment Outcome Prediction
Disclosure: Nothing to disclose.

T89. Fatty Acids and Their Lipogenic Enzymes in Anorexia
Nervosa Subtypes

Nhien Nguyen*, Blake Woodside, Eileen Lam, Bruce German,
Oswald Quehenberger, Pei-an (Betty) Shih

University of California, San Diego, La Jolla, California, United States

Background: Fatty acids in the circulation can be influenced by
the composition of dietary intake. It is postulated that unhealthy
eating behaviors including extreme avoidance of high-fat foods
play a key role in fatty acid dysregulation in patients with anorexia
nervosa (AN). Eating behavior is notably different between AN
patients with the restricting subtype (AN-R) and the bingeing and
purging subtype (AN-BP), yet, few studies have directly addressed
the effects these differences have on fatty acid signature. In this
study, we explored if the pattern of fatty acid dysregulation is
differentially observed in each of the AN subtype, and examined
the association between fatty acids and lipogenic enzymes with
key eating disorder phenotypes including anxiety, which pro-
motes aversion toward high-calorie, high-fat foods and unhealthy
dieting practices.
Methods: 26 fatty acids were measured using both fasting and

2-hour postprandial plasma from sex- and age-matched 25
women with AN-R (27.56 ± 8.1 [age mean±SD]), 25 women with
AN-BP (32.80 ± 11.44), and 46 healthy control women (30.67 ±
9.33). Fatty acids were quantified using gas chromatography-mass
spectrometry whereas phenotype data were collected on the day
of the study visit. Fatty acid ratios were used as proxy markers of
in vivo lipogenic enzyme activities. Phenotypes assessed were
collected using the Beck Depression Inventory, Beck Anxiety
Inventory, Food Aversion Questionnaire, and Eating Disorder
Inventory. Multivariate analysis of covariance models adjusting for
age and BMI were used to compare fatty acids and enzyme
activities among AN-R, AN-BP, and control groups. Association and
correlation between AN-associated fatty acids and lipogenic
enzymes with phenotypes were analyzed using Pearson’s correla-
tion and multiple linear regression models adjusted for age and
BMI.
Results: None of the individual fatty acids differed significantly

between AN-R and AN-BP groups. In the fasting state, saturated
lauric acid was marginally higher in AN-BP compared to AN-R (by
76%, p = 0.05) and significantly higher than controls (by 138%,
p = 0.042). Of the n-3 fatty acids, alpha-linoleic acid (ALA) (by
130%, p < 0.001), stearidonic acid (by 68%, p = 0.007), and
docosapentaenoic acid (DPA) (by 70%, p = 0.007) were higher in
AN-R while eicosapentaenoic acid (EPA) was elevated in both AN-R
(by 53%, p = 0.015) and AN-BP (by 56%, p = 0.006) compared to
controls. In the postprandial state, ALA was elevated in AN-R (by
90%, p < 0.001) while EPA was higher in AN-BP compared to
controls (by 71%, p = 0.002). None of the desaturases and
elongases differed significantly among AN-R, AN-BP, and control
groups.
For AN-BP group, EPA was inversely associated with fasting

state anxiety (r = −0.46, p = 0.022; adjusted p = 0.038). Delta-5-
desaturase activity was associated with postprandial change in
anxiety (adjusted p = 0.033) while elongase-6 (ELOVL6) was
correlated with illness duration (r = 0.43, p = 0.04).
For AN-R, EPA was associated with illness duration (adjusted p =

0.049) while DPA was correlated with illness duration (r = 0.50,
p = 0.015) and inversely correlated with postprandial change in
anxiety (r = −0.44, p = 0.040). Both Delta-6-desturase (D6D) and
stearoyl-CoA-desaturase-18 (SCD18) were associated with fasting-
state anxiety (adjusted p-values: p = 0.041 and 0.043, respectively)
while ELOVL6 was negatively associated with postprandial change
in food aversion (adjusted p = 0.037).
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Depression, fasting state food aversion, and postprandial
change in food aversion were not associated with any of the
fatty acids in either AN subtypes. AN recovery status and race of
the study participants did not affect the associations observed.
Conclusions: Our study yielded insufficient evidence to

conclude that AN clinical subtype directly contributes to or
modifies the fatty acid dysregulation found in AN. This finding is
important because if the hypothesis that diet was the principle
cause of lipid dysregulation in AN were true, we should have
observed a more significant difference in fatty acid signature
between AN-R and AN-BP subtypes. Our results once again shed
light on a pronounced lipid alteration in AN that is characterized
by an elevation of n-3 fatty acids that are also linked to anxiety.
We further concluded that neither extreme restrictive eating
commonly found in AN-R nor the addition of binge eating and
purging behavior commonly found in AN-BP played a significant
role to modify the fatty acid dysregulation in AN. Our data imply
that endogenous factors affecting metabolism of fatty acids
including genetic susceptibility may contribute to AN lipid
dysregulation more significantly than the unhealthy eating
behavior. Future research should focus on identification of these
endogenous factors to improve quality of life for patients with AN.
Keywords: Fatty Acids, Anorexia Nervosa, Clinical Subtypes
Disclosure: Nothing to disclose.

T90. Vascular Endothelial Growth Factor in Serum Increases in
Those Whose Depression Remit After Repetitive Transcranial
Magnetic Stimulation but Not in Non-Remitters: Pilot Study

Andrew Fukuda*, Lauren Hindley, Jee Won Kang, Eric Tirrell,
Audrey Tyrka, Alfred Ayala, Linda Carpenter

Brown University, Butler Hospital, Providence, Rhode Island, United
States

Background: Major Depressive Disorder (MDD) is a devastating
illness that affects more than 300 million people worldwide and
an estimated 17.7 million people in the US alone experiences
depression annually. Unfortunately, a substantial portion of
patients do not respond to medications or psychotherapy.
Transcranial magnetic stimulation (TMS) therapy is a relatively
novel therapeutic modality effective for those who have failed
to respond to pharmacotherapy and psychotherapy, however
the mechanism of action behind TMS’s antidepressant effect is
still being elucidated. Vascular endothelial growth factor (VEGF)
is an endothelial mitogen widely expressed in the cerebrovas-
culature and involved in myriad of functions including
angiogenesis and hypothesized to be involved in MDD
pathology. Some studies have examined peripheral VEGF as
potential biomarkers or a player in MDD treatment, including
reports of increased VEGF levels after ECT. Additionally, animal
models of some neurological disorders have shown VEGF to be
affected by TMS. However, there is no published TMS studies in
humans examining VEGF.
Methods: Serum was collected from a naturalistic population

of 15 patients (40% male, 60% female) with treatment resistant
major depressive disorder (MDD) approved to receive standard
TMS therapy, at baseline (prior to receiving first session of TMS)
and immediately after the 30th session (henceforth referred to
as post or Tx30). VEGF concentration was determined via
Enzyme-linked Immunosorbent Assay and all samples were run
in duplicates. Inventory of Depressive Symptomatology Self
Report was used as a measure of depression symptom severity,
clinical response (≥50% improvement) and remission (end score
≤ 14). Mann-Whiney U and Kendall’s Tau Correlation were used
for continuous variables. Treatment was initiated at standard
“on-label” 10 Hz stimulation delivered to the dorsolateral left

prefrontal cortex (DLPFC) daily at 120% maximum intensity
relative to their motor threshold for a minimum of 3000 pulses.
Results: Mean Vascular Endothelial Growth Factor (VEGF)

concentration for the group of 15 participants did not change
significantly from baseline to Tx30 overall, however there was
evidence that successful treatment with TMS was associated with
change in Vascular Endothelial Growth Factor (VEGF). N = 4 of the
15 participants met criteria for remission following TMS and n = 8
met criteria for response. Amongst patients who remitted, VEGF
increased from pre- to post-TMS (mean %change +30.3%)
whereas VEGF decreased in nonremitters (mean % change
−9.87%) (p < 0.05). This same pattern was observed when
comparing mean %change in VEGF between responders (+14.7%)
and non-responders (−14.9%) (p = 0.054). Similarly, a statistically
significant negative correlation was present between change in
VEGF concentration and change in IDS-SR at Tx30 (r = −0.371, p <
0.054), reflecting that greater increases in VEGF were linked to
greater improvement in depressive symptoms following the
standard 6-week course of TMS. VEGF levels did not differ by
sex or with age.
Conclusions: Patients with a successful treatment with TMS had

significantly greater increase in VEGF from baseline to after
treatment compared to non-responders/non-remitters and a
larger increase in VEGF was associated with greater improvement
in depressive symptoms after TMS. This is the first report
examining VEGF levels in depressed patients receiving TMS. This
pilot study provides promising preliminary data of VEGF being an
important mediator in the mechanism behind TMS’ antidepres-
sant effects and as a potential biomarker of clinical outcomes.
Given these positive results, a larger study with more participants
and healthy controls is being pursued.
Keywords: Vascular Endothelial Growth Factor, Repetitive

Transcranial Magnetic Stimulation, Treatment Resistant Depres-
sion, Peripheral Biomarker, Astroglia
Disclosure: Nothing to disclose.

T91. Sex-Specific Role for Dopamine Receptor D2 in Dorsal
Raphe Serotonergic Neuron Modulation of Defensive Acoustic
Startle and Dominance Behavior

Krissy Lyon*, Benjamin Rood, Lorna Wu, Lisa Goodrich, Susan
Dymecki

Harvard Medical School, Boston, Massachusetts, United States

Background: Serotonergic neurons modulate diverse behavioral
and physiological functions. Increasingly, serotonergic neurons are
described as a heterogeneous group comprised of distinct
subpopulations specialized to regulate distinct biological pro-
cesses and functions. One such subpopulation that modulates
social behavior in mice is distinguished by expression of the type-
II dopamine receptor (Drd2) and the pan-serotonergic transcrip-
tion factor Pet1. These neurons, referred to as Drd2-Pet1, are
inhibited cell-autonomously by DRD2 agonism in slice and when
constitutively silenced in male mice, affects levels of defensive and
exploratory behaviors. While brain slice electrophysiology demon-
strates that their excitability is inhibited cell-autonomously via
DRD2 signaling, the requirement for DRD2 receptor activity in
these serotonergic neurons for specific behavioral outcomes is
unknown. To query the functional requirement for DRD2 in Drd2-
Pet1 neurons, we generated mice with serotonergic neuron
specific deletion of the Drd2 gene (Drd2-CKO) and administered a
panel of behavioral assays. Further, we probe sex-specific
differences in Drd2-Pet1 neuron candidate gene expression,
electrophysiology, and projection patterns.
Methods: We validated conditional deletion of Drd2 in

serotonergic neurons of male and female Drd2-CKO mice
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(postnatal day 90). We then assayed behavior in the following
assays: open field, rotarod, elevated plus maze, tail suspension,
forced swim, contextual fear conditioning, water T-maze,
paired pulse inhibition (PPI), three-chambered social interac-
tion assay, (n = 14 control: 8 male, 6 female and 12 Drd2-CKO:
7 male, 5 female), acoustic startle response (n = 30 control: 14
male, 16 female and 28 Drd2-CKO:13 male, 15 female), resident
intruder assay of aggression (n = 24 control and 26 Drd2-CKO
males) and the tube test of social dominance (n = 47 control:
24 male, 23 female and 47 Drd2-CKO: 24 male, 23 female).
Additionally, we recorded auditory brainstem responses to
assess hearing status (n = 18 controls: 10 male, 8 female and 14
Drd2-CKO: 7 male, 7 female). To examine sex differences in
Drd2-Pet1 neurons we additionally compared candidate gene
expression (by mRNA in situ hybridization), electrophysiologi-
cal profiles, and axonal projection patterns in male versus
female mice.
Results: We found that Drd2-CKO males, but not females,

demonstrate increased winning against sex-matched controls in a
social dominance assay (For males, control: 34.17% +/− 9 wins,
Drd2-CKO: 65.83% +/− 9 wins, p = 0.0065, Mann-Whitney,
two-tailed, U=166. For females, control: 51.3% +/− 8, Drd2-CKO:
48.7% +/− 8 wins, p = 0.8123 Mann-Whitney, two-tailed, U =
253). Drd2-CKO females (p = 0.0011, Two-way ANOVA), but not
males (p = 0.7745, Two-way ANOVA) exhibited blunting of the
acoustic startle response – a protective, defensive reflex.
Indistinguishable from controls were auditory brainstem
responses, locomotion, cognition, and anxiety- and depression-
like behaviors. Analyzing Drd2-Pet1 neurons, we found sex-
specific differences in neurotransmission-related transcript levels,
in action potential duration, and in proportional distribution of
axonal collaterals to auditory brain regions.
Conclusions: Here we show the importance of type-2-

dopamine receptor (DRD2) expression on a select subtype of
serotonin-producing neuron for normal auditory processing and
for sex-specific behavioral responses. These behavioral sex
differences could potentially be influenced by the identified sex-
specific molecular and cellular features distinguishing male versus
female Drd2-Pet1 cells. Related behaviors in humans too show sex
differences, suggesting this work has translational relevance.
Keywords: Serotonin, D2 Dopamine Receptor, Behavior, Acous-

tic Startle Response, Social Dominance
Disclosure: Nothing to disclose.

T92. Continuation Magnetic Seizure Therapy to Prevent
Relapse in Treatment Resistant Depression

Victor Tang*, Daniel Blumberger, Alanah Throop, Shawn
McClintock, Daphne Voineskos, Jonathan Downar, Yuliya
Knyahnytska, Benoit Mulsant, Paul Fitzgerald, Zafiris J.
Daskalakis

Centre for Addiction and Mental Health, University of Toronto,
Toronto, Canada

Background: Although Electroconvulsive Therapy (ECT) is highly
effective for treatment-resistant depression (TRD), it is associated
with adverse cognitive effects. Magnetic Seizure Therapy (MST) is
a novel convulsive brain stimulation treatment that may be as
effective as ECT but with fewer adverse cognitive effects because
it avoids stimulation of deeper brain structures such as the
hippocampus. Although there is a growing evidence base for
the efficacy of MST in TRD during the acute phase of treatment,
there have been no studies of continuation MST for the
prevention of relapse following the acute phase. Since those with
TRD are known to have very high relapse rates, it is important to

determine if continuation of MST to sustain response can be an
effective strategy.
Methods: Patients diagnosed with treatment-resistant unipolar

or bipolar depression meeting response criteria after acute MST
were offered continuation MST in a single-arm prospective, open-
label trial. Continuation MST consisted of 12 continuation MST
sessions with decreasing frequency over the course of 6 months,
with additional booster sessions if their depression symptoms
started to worsen. The primary outcome of this study was relapse
of depression, defined as a rating of ≥21 on the 24-item Hamilton
Rating Scale for Depression (HRSD-24) and non-response to
booster sessions or drop out from the study, or psychiatric
hospitalization. Secondary outcomes included the Beck Scale for
Suicidal Ideation (SSI) and a comprehensive neurocognitive
battery of 24 different tests.
Results: Thirty participants with TRD completed at least one

assessment during continuation MST and were included in the
analysis. In total, 10 (33.3%) relapsed, with no significant
differences in survival times between unipolar and bipolar
depression. Mean ± SD survival time was 18.6 ± 1.6 weeks.
Fifteen (50%) participants required additional booster treat-
ments. All 17 of the participants who achieved complete
resolution of baseline suicidality after their acute MST phase
remained free of suicidality during the continuation MST
phase. No neurocognitive test scores worsened during con-
tinuation MST, and there was a significant improvement in
verbal fluency. Consistency of autobiographical memory recall
that had significantly decreased during acute MST did not
change further during continuation MST. Cox regression
analyses did not show any significant moderating effects on
survival time from age, sex, diagnosis, stimulus parameters,
post-acute (i.e., pre-continuation MST) HRSD-24 scores, or
treatment resistance.
Conclusions: Over the course of 6 months with continuation

MST, approximately two-thirds of all participants with TRD who
had improved with acute MST remained well. Continuation MST
demonstrated tolerability with regards to significant adverse
cognitive effects. We also found that resolution of suicidal ideation
was sustained. Future studies of continuation MST are required
through blinded randomized controlled trials, and in particular
there is a need to compare directly with ECT.
Keywords: Electroconvulsive Therapy, Magnetic Seizure Ther-

apy, Depression, Bipolar Disorder, Major Depression Disorder
Disclosure: Nothing to disclose.

T93. Effect of Esketamine Plus Standard of Care (SOC) vs SOC
on Time to Remission of Depressive Symptoms in Patients
With Major Depressive Disorder With Acute Suicidal Ideation
or Behavior: Results From a Pooled Analysis of Aspire I and II

Dong-Jing Fu*, Qiaoyi Zhang, Ling Shi, Stephane Borentain,
Shien Guo, Maju Mathews, Joana Anjo, Abigail Nash, Marguer-
ite O’Hara, Carla Canuso

Janssen Research and Development LLC, Titusville, New Jersey,
United States

Background: Conventional antidepressants have delayed onset of
action (4 to 6 weeks) and offer limited benefits in patients with
major depressive disorder (MDD) and acute suicidal ideation with
intent, a vulnerable population who need rapid symptom control.
ASPIRE I and ASPIRE II, a pair of pivotal phase 3, identically
designed, randomized, double-blind (DB), placebo-controlled,
multicenter studies, demonstrated significantly greater reduction
in MDD symptoms in adults with acute suicidal ideation or
behavior treated with esketamine (ESK) plus standard of care
(+SOC) at 24 hours after the first dose, as compared with placebo
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nasal spray (PBO) + SOC. This post-hoc analysis on the pooled
ASPIRE I and ASPIRE II studies was intended to explore the clinical
benefits of ESK + SOC in shortening the time to achieving
symptom remission in this patient population.
Methods: Adult patients with moderate to severe MDD

(Montgomery Åsberg Depression Rating Scale, MADRS, total
score >28) and active suicidal ideation with intent in the past 24
hours were randomly assigned (1:1) to receive either intranasal
84 mg ESK or intranasal PBO, administered twice weekly for four
weeks, in addition to comprehensive SOC (defined as initial
hospitalization and initiation or optimization of oral antidepres-
sant treatment per clinical judgment and practice guidelines).
Both studies consisted of 3 phases: Screening (within 48 hours
prior to Day 1 intranasal dose), DB treatment phase (Days 1–25),
and follow-up (Days 26–90). Depressive symptoms and severity
of suicidality were assessed by the MADRS total score (0-60) and
the clinical global impression of severity of suicidality revised
version (CGI-SS-r, 0-6), respectively. Both were assessed at 24
hours post dose and at least twice per week during the DB
phase and at varied time intervals during the follow-up phase
(i.e., twice weekly during Days 28 – 39, weekly during Days 46 –
53, biweekly during Days 67–90). Kaplan-Meier product-limit
method was used to estimate the median time to remission of
depressive symptoms from randomization. Symptom remission
was defined as: 1) MADRS ≤12 at any given visit (first remission
event), 2) MADRS ≤12 for two consecutive visits (confirmed
remission event), and 3) both MADRS ≤12 and CGI-SS-r ≤1 (not
suicidal or questionable suicidal) for two consecutive visits
(confirmed remission of depressive symptoms with CGI-SS-r ≤1).
Patients were censored at the date of last non-missing
assessment if no event was identified over the entire study
follow-up (Days 1–90). Cox proportional hazards regression
model was also used to estimate comparative treatment effect
on time to symptom remission, including baseline score as
covariate and study center and SOC antidepressant treatment as
stratification factors.
Results: Pooled data from both studies (patients: 451 [ESK:

226; placebo: 225]) were used for this analysis. Patients had a
baseline mean MADRS total score of 40 and median CGI-SS-r of 4
(markedly suicidal). ESK+SOC was found to significantly shorten
the time to first remission compared to PBO+SOC (median time:
15 vs. 23 days; adjusted hazard ratio [HR]: 1.47; 95% CI: 1.13,
1.92; p = 0.005), with 65.2% (ESK+SOC) vs. 55.5%(PBO+SOC) of
achieving first remission by Day 25 and 86.3% vs. 83.5% by Day
90. Patients receiving ESK+SOC also experienced a significantly
shorter time to confirmed remission compared to patients
receiving PBO+SOC (median time: 23 vs. 50 days; adjusted HR:
1.50; 95% CI: 1.12, 2.00; p = 0.007), with 54.2% (ESK+SOC) vs.
39.8% (PBO+SOC) of patients achieving a confirmed remission
by Day 25 and 75.0% vs. 55.0% by Day 90. When considering
remission in depressive symptoms with CGI-SS-r ≤1 as a
composite endpoint, median time to this outcome was in favor
of ESK+SOC over PBO+SOC (25 vs 52 days; adjusted HR: 1.42;
95% CI: 1.06, 1.91; p = 0.020), with 51.8% (ESK+SOC) vs. 39.0%
(PBO+SOC) achieving a confirmed remission with CGI-SS-r ≤1 by
Day 25 and 71.1% vs. 53.5% by Day 90.
Conclusions: Patients with MDD with acute suicidal ideation or

behavior need a pharmacological treatment with rapid onset of
effect to quickly relieve depressive symptoms. The ASPIRE studies
demonstrated that patients achieved remission significantly faster
when treated with ESK+SOC vs PBO+SOC. These findings support
the use of ESK+SOC in treating adults with MDD with acute
suicidal ideation or behavior.
Keywords: Major Depressive Disorder (MDD), Esketamine Nasal

Spray, Suicidal Ideation
Disclosure: Janssen Research & Development, LLC: Employee

(Self)

T94. Effect of BI 1358894 Co-Administration on the Relative
Bioavailability of Rosuvastatin and Dabigatran: Phase I Study
in Healthy Male Volunteers

Rene Fuertig*, Markus Goettel, Habib Esmaeili, Regina
Sennewald

Boehringer Ingelheim Pharma GmbH & Co. KG, Ingelheim am Rhein,
Germany

Background: BI 1358894, a small-molecule inhibitor of transient
receptor potential cation channel subfamily C (TRPC), is being
developed for the treatment of major depressive disorder.
Rosuvastatin is a statin medication used to lower cholesterol in
patients with high cholesterol, and is a sensitive probe substrate of
the drug transporters breast cancer resistance protein (BCRP),
organic anion transporting polypeptide (OATP) 1B1, and OATP1B3.
[1,2] Dabigatran is an anticoagulant used to treat and prevent
blood clots, and is a sensitive probe substrate of drug transporter
P-glycoprotein (P-gp).[3,4] This drug–drug interaction (DDI) study
investigated the effect of BI 1358894 on the relative bioavailability
of oral rosuvastatin and oral dabigatran etexilate.
Methods: This was a Phase I (NCT04099732), two-part, non-

randomized, open-label, two-period crossover study in healthy
male participants. All treatments were administered following a
high-fat/high-calorie meal. In Part 1, period 1, participants
received a single dose of rosuvastatin 10 mg; in period 2,
participants received single doses of rosuvastatin 10 mg and BI
1358894 200 mg. In Part 2, period 1, participants received a single
dose of dabigatran etexilate 150 mg; in period 2, participants
received single doses of dabigatran etexilate 150 mg and BI
1358894 200 mg. For both parts, treatments were separated by a
washout period of at least 7 days. The primary endpoints were
area under the concentration–time curve (AUC) from time 0 to
infinity (AUC0-∞) and the maximum measured concentration
(Cmax) of rosuvastatin and dabigatran. The secondary endpoint
was AUC from time 0 to the last quantifiable data point (AUC0-tz)
of rosuvastatin and dabigatran. Safety and tolerability were
assessed based on adverse events (AEs), safety laboratory tests,
12-lead electrocardiogram, and vital signs. The potential influence
of BI 1358894 on rosuvastatin and dabigatran relative bioavail-
ability was evaluated using analysis of variance (ANOVA) on a
logarithmic scale; geometric mean exposure ratios were calculated
for the primary and secondary endpoints. Descriptive statistics
were calculated for all endpoints. Coproporphyrin I (CPI) and
coproporphyrin III (CPIII) were evaluated within the rosuvastatin
arm as endogenous biomarkers for the inhibition of liver-specific
transporters OATP1B1 and OATP1B3 in order to identify if a
potential interaction is more BCRP- or OATP-driven.
Results: All participants completed the trial (Part 1, n = 14; Part

2, n = 12) and mean age (standard deviation) was 47.1 (7.9) years
and 39.7 (8.9) years for Parts 1 and 2, respectively. In Part 1, co-
administration with BI 1358894 increased rosuvastatin Cmax,
AUC0-∞, and AUC0-tz by 74%, 83%, and 86%, respectively, vs
rosuvastatin administered alone. CPI and CPIII exposures were
similar overall after administration of rosuvastatin alone and in
combination with BI 1358894. In Part 2, co-administration with BI
1358894 increased dabigatran Cmax, AUC0 ∞, and AUC0-tz by
19%, 19%, and 20%, respectively, vs dabigatran administered
alone.
Treatment-emergent AEs (TEAE) were reported for 10/14

(71.4%) participants in Part 1. Nervous system disorders were
the most frequent (9/14 [64.3%]); 1/14 (7.1%) after receiving
rosuvastatin alone and 9/14 (64.3%) after co-administration of
rosuvastatin and BI 1358894. TEAEs occurred in 5/12 (41.7%)
participants in Part 2. Nervous system disorders were the most
frequent (5/12 [41.7%]); 2/12 (16.7%) after receiving dabigatran
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alone and 4/12 (33.3%) after co-administration of dabigatran and
BI 1358894. Overall, two TEAEs of severe intensity were reported
(Part 1: headache; Part 2: nasopharyngitis). All other TEAEs were
mild to moderate in intensity.
Conclusions: Coadministration with BI 1358894 increased the

relative bioavailability of both rosuvastatin and dabigatran. In the
rosuvastatin trial (n = 14), there was no indication of an effect on
CPI and CPIII, suggesting that that OATP1B is likely not involved in
the DDI effect of BI 1358894 on rosuvastatin and thus indicating
that the DDI effect is primarily mediated through BCRP.
Rosuvastatin and dabigatran were well tolerated when adminis-
tered alone and moderately tolerated when administered in
combination with BI 1358894 by the healthy male participants in
this study.
Funding: Boehringer Ingelheim International GmbH

(NCT04099732)
References:
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T95. The Patient Perspective: Esketamine Treatment for Major
Depressive Disorder With Active Suicidal Ideation and Intent

Carol Jamieson*, Dong-Jing Fu, Dawn Ionescu, Rosanne Lane,
Carla Canuso

Janssen, Milpitas, California, United States

Background: Esketamine nasal spray (ESK) in conjunction with
standard-of-care (SOC) (including oral antidepressant therapy) is
effective in reducing depressive symptoms as assessed by
clinician-rated outcome measures. We evaluated the effect of
ESK on patient-reported outcomes (PROs) in patients with major
depressive disorder (MDD) having active suicidal ideation with
intent (MDSI).
Methods: Patient-level data were pooled from two randomized,

double-blind, placebo-controlled, multiregional studies
(NCT03039192 and NCT03097133) of ESK
(84 mg)+SOC in patients (males and females, age 18–64 years)

with MDSI. ESK or placebo nasal spray (PBO) were administered
twice weekly for 25 days in the double-blind phase of the study.
All PRO data were collected using an electronic tablet and
included hopelessness (Beck Hopelessness Scale [BHS]); quality of
life (Quality of Life in Depression Scale [QLDS] and European
Quality of Life Group, 5-Dimension, 5-Level [EQ-5D-5L]); and
treatment satisfaction (9-item Treatment Satisfaction Question-
naire for Medication [TSQM-9]). Baseline to day 25 changes in BHS
and QLDS scores (baseline to day 25) were analyzed using analysis
of covariance and a mixed-effects model for repeated measures.
Descriptive statistics were provided for baseline and day 25 EQ-
5D-5L and TSQM-9 scores. Since the PROs were not the primary
endpoints, sample size for each study was calculated using
the primary endpoint – Montgomery-Asberg Depression Rating
Scale (MADRS) total score. On assuming an effect size of 0.45
for the change in MADRS total score between ESK and placebo, a

two-sided significance level of 0.05, and a drop-out rate at 24
hours of 5%, approximately 112 subjects were required to be
randomly assigned to each treatment group to achieve 90%
power.
Results: Pooled data for ESK+SOC (n = 226) and PBO+SOC

(n = 225) were analyzed. Mean patient age in the ESK+SOC and
PBO+SOC groups was 40.5 and 39.6 years, and the proportion
of females was 59.3% and 62.2%. Baseline mean (SD) scores for
ESK+SOC and PBO+SOC groups were: BHS (15.4 [4.2] vs 15.8
[4.3]), QLDS (22.2 [3.8] vs 22.0 [3.7]), health status index (HSI) (0.56
[0.20] vs 0.56 [0.20]), and EQ-Visual Analogue Scale (EQ-VAS) (40.1
[23.6] vs 40.2 [23.8]). Mean (SD) changes from baseline in BHS total
score for ESK+SOC and PBO+SOC groups were −7.4 (6.7) vs −6.8
(6.5) and difference of least squares mean (95% CI) was −1.0 (-2.2,
0.21). Similar changes in QLDS score for ESK+SOC and PBO+SOC
groups were −6.6 (6.1) vs −5.6 (6.0) and difference of LS mean
(95% CI) was −1.4 (−2.5, −0.34). Relative risk (95% CI) of reporting
perceived problems in EQ-5D-5L (levels 2–5) in ESK+SOC
compared with PBO+SOC group were: mobility (0.78 [0.50,
1.20]); self-care (0.83 [0.55, 1.27]); usual activities (0.87 [0.72,
1.05]); pain/discomfort (0.85 [0.69, 1.04]); and anxiety/depression
(0.90 [0.80, 1.00]). Mean (SD) changes (baseline to day 25) in ESK
+SOC and PBO+SOC groups were (0.23 [0.21] vs 0.19 [0.22]) for
HSI and (24.0 [27.2] vs 19.3 [24.4]) for EQ-VAS scores. Mean (SD)
TSQM-9 scores at day 25 in ESK+SOC and PBO+SOC groups were
(67.2 [25.3] vs 56.2 [26.8]) in the domain of effectiveness, (69.9
[25.2] vs 56.3 [27.8]) in global satisfaction, and (74.0 [19.4] vs 75.4
[18.7]) in convenience.
Conclusions: The PRO data provide support for the patient

perspective of benefit associated with ESK+SOC treatment for
depressive symptoms in patients with MDSI.
Keywords: Patient Reported Outcomes, Esketamine Nasal

Spray, Major Depressive Disorder (MDD), Suicidal Ideation
Disclosure: Janssen: Employee (Self)

T96. Sex Differences in Stress Response Circuitry are Present
in Early Adulthood: An fMRI Study of Healthy Young Adults

Justine Cohen*, Laura Holsen, Maria Ironside, Amelia Moser,
Christine Richards, Jessica Duda, Madusmita Misra, Diego
Pizzagalli, Jill Goldstein

Harvard Medical School, Massachusetts General Hospital, Charles-
town, Massachusetts, United States

Background: Stress is implicated in many chronic diseases. The
increase in stress-related disorders in women begins post-puberty
and persists throughout the lifespan. The connection between
Major Depressive Disorder (MDD) and dysregulation of the
hypothalamic-pituitary-adrenal (HPA) axis is well established in
preclinical and clinical research, with less work identifying sex-
dependent effects. To understand pathological changes in stress
response circuitry, we must first understand sex differences in
stress response in healthy young adults. To that end, we created
an MR-compatible task that combines elements of the Maastricht
Acute Stress Test (MAST) and the Montreal Imaging Stress Task
(MIST). The MAST was designed to elicit robust physiological stress
responses by combining unpredictable physiological and psycho-
logical stress, whereas the MIST produces psychosocial stress and
activation of arousal regions.
Methods: 42 healthy subjects aged 18-25 years (21M:21F)

underwent functional MR imaging while performing a sustained
stress task consisting of four components: baseline in scanner
where subjects solved simple arithmetic problems (Pre-MAST);
post-MAST in which subjects submerged one hand in ice-cold
water while counting backward from 2043 in steps of 17; and
MIST in which subjects did math problems beyond their
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capability and were given negative feedback on their perfor-
mance (MIST Pre-F and Post-F). Subjects completed question-
naires before and after scanning that measured anxiety (State-
Trait Anxiety Inventory) and mood (Positive and Negative Affect
Schedule).
Whole brain and small volume correction (SVC) in regions of

interest (ROIs) using two-sample t-tests compared brain activa-
tion and conditions between sexes. ROIs included medial
prefrontal cortex (mPFC), OFC, anterior cingulate cortex (ACC),
hypothalamus, amygdala, and hippocampus. In addition, a
general linear model (GLM) was used to test for sex differences
in brain activity associated with peak percent change in cortisol.
Functional connectivity during stress conditions was examined
using CONN and seed-to-voxel analyses using the same ROIs.
Reported results were significant at a threshold of p < 0.05 (FWE-
or FDR-corrected) at the cluster level and p < 0.001 (uncor-
rected) at the peak.
Results: Anxiety and mood before and after the task did not

differ between men and women (STAI-State: t(41) = −0.42, p =
0.68; Positive Affect Schedule: t(37)=−0.035, p = 0.97; Negative
Affect Schedule: t(40) = −0.26, p = 0.8). Peak percent change in
cortisol from in scanner baseline also did not differ between sexes
(t(35) = 1.01, p = 0.32).
GLM analyses showed that, relative to men, cortisol response in

women was related to increased brain activation in prefrontal
regions post-MAST and MIST post-F compared to pre-MAST.
Regions showing relationships with cortisol in women included
anterior PFC, OFC, and L vlPFC (k(E) = 2962, p-FWE = 1.8e-12, peak
p-FWE = 0.002, t = 7.46) post-MAST and R vlPFC (k(E) = 2382, p-
FWE = 6.6e-18, peak p-FWE = 0.0003, t = 8.22) during MIST post-F
in whole brain analyses. In SVC analyses, women showed positive
correlations between cortisol and activation in ACC (k(E) = 731, p-
FWE = 9.4e-05, peak p-FWE = 0.004, t = 5.7), OFC (k(E) = 339, p-
FWE = 0.007, peak p-FWE = 0.005, t = 5.5), and mPFC (k(E) = 311,
p-FWE = 0.01, peak p-FWE = 0.003, t = 5.85) during MIST post-F
compared to pre-MAST.
Univariate analyses comparing post-MAST to pre-MAST showed

women had increased activation in ventromedial PFC (k(E) = 877,
p-FWE = 0.0003, peak p = 0.0002, t = 4.5) in whole brain and in
ACC (k(E) = 324, p-FWE = 0.002, peak p = 0.0001, t = 4.04) and
mPFC (k(E) = 305, p-FWE = 0.003, peak p = 0.00006, t = 4.25) in
SVC relative to men.
Functional connectivity comparing post-MAST to pre-MAST

showed men with increased connectivity between mPFC and R
dorsolateral prefrontal cortex (DLPFC) (p-FDR = 0.02, peak p =
0.00003, t = 4.51) and L amygdala and L DLPFC (p-FDR = 0.02,
peak p = 0.00002, t = 4.67) relative to women. Relative to men,
women were characterized by increased connectivity between
R amygdala and precuneus (p-FDR = 0.01, peak p = 0.000002, t =
5.3) and mPFC and posterior cingulate cortex (p-FDR = 0.02, peak
p = .000007, t = 4.97).
In analyses comparing MIST post-F to pre-MAST, men had

increased activation in R precuneus (k(E)=1057, p-FWE = 0.002,
peak p = 0.0004, t = 4.43) and increased functional connectivity
between R hippocampus and L angular gyrus (p-FDR=.02, p =
0.00001, t = 4.79) and hypothalamus and R precuneus (p-FDR =
0.01, p = 0.000004, t = 5.17) relative to women.
Conclusions: Healthy men and women in early adulthood show

distinct neural responses to different types of stress despite
reporting similar subjective feelings of stress. In response to MAST,
women displayed increased activation in inhibitory regions of
stress response circuity whereas men were characterized by
increased connectivity to cognitive control regions. Women also
showed a strong relationship between peak cortisol response and
activation in inhibitory prefrontal regions following MAST and
MIST. For the MIST, men had increased activation and connectivity
in regions of the default mode network including precuneus,
angular gyrus, and mPFC. Results highlight sex differences that

implicate different strategies for inhibitory control of arousal.
Collectively, these findings contribute to our understanding of sex
differences in response to negative stress, from which we can
better understand how this deviates in a sex-dependent way in
MDD.
Keywords: Cortisol Response to Stress, Sex Differences, Human

Neuroimaging
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T97. Not All Sleep Disturbance is Created Equal: Using Sleep
Difficulties to Predict Symptoms of Mania in Bipolar I and II

Jennifer Goldschmied*, Elaine Boland, Christine Ramsey, Philip
Gehrman

University of Pennsylvania, Philadelphia, Pennsylvania, United States

Background: Sleep loss has been shown in longitudinal studies to
trigger mood episodes among individuals with bipolar disorder.
Investigations into individual differences in these associations
have revealed greater vulnerability among individuals with Bipolar
I disorder relative to those with Bipolar II. Decreased need for
sleep is a hallmark symptom of mania, however individuals with
mania can experience co-occurring insomnia-like sleep distur-
bance. Sleep disturbance can vary across individuals to include
difficulties with sleep onset, maintenance, or early morning
awakenings, however little research has examined whether
specific types of sleep disturbances may be more directly
associated with manic symptoms. The current study aimed to
explore whether difficulties with sleep onset, awakenings after
sleep onset, or early morning awakenings were differentially
related to manic symptoms in a large sample of individuals with
bipolar disorder.
Methods: The present study analyzed baseline data collected

from a longitudinal study of bipolar disorder. 843 individuals
were diagnosed with Bipolar I and 236 individuals diagnosed
with bipolar II. Manic symptoms were assessed using the
clinician-administered Young Mania Rating Scale (YMRS), with
the single sleep item removed, which asked whether there was a
decrease in sleep duration or decreases in perceived need for
sleep. Sleep disturbance was assessed using three items from
the clinician-administered Hamilton Depression Rating Scale
(HDRS) examining sleep onset, sleep maintenance, and early
morning awakening difficulties. All models were adjusted for
gender and age.
Results: Linear regression demonstrated that sleep difficulties

significantly predicted symptoms of mania in bipolar I, F(5,833) =
8.534, p < 0.001, with sleep onset difficulties, p < 0.01, and early
morning awakenings, p < 0.01 but not sleep maintenance
difficulties, p = 0.41, demonstrating significant association with
mania. For bipolar II, however, sleep difficulties did not
significantly predict mood symptoms. Sex was not significantly
associated with worse mood symptoms in the model.
Conclusions: The pattern of disturbed sleep may be important

when considering associations with symptoms of mania in
individuals with bipolar disorder. Sleep loss that is characterized
by multiple awakenings may not confer the same risk for manic
symptoms as when it results from later sleep onset or earlier
offset. Findings are consistent with previous research demonstrat-
ing differential associations of sleep loss and manic symptoms
across bipolar subtypes, as our findings indicated greater
associations between sleep disturbance and manic symptoms in
individuals with Bipolar I disorder, only. Future research should
examine whether different subtypes of insomnia symptoms
differentially predict manic episode trajectory.
Keywords: Bipolar Disorder, Sleep Disturbance, Insomnia
Disclosure: Nothing to disclose.
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T98. The Acute Onset of Stress-Related Depression Is Encoded
by CRF BNST Neurons

Sherod Haynes*, Larry Young, Ming-Hu Han, Hyun Seo

Icahn SOM at Mount Sinai, New York, New York, United States

Background: Chronic stress is a key risk factor for the development
of Major Depressive Disorder (MDD), yet it is unknown how stress that
is primarily psychological in nature is translated at the level of neurons
to produce behavioral dysfunctions associated with MDD. The limbic
forebrain region, Bed Nucleus of the Stria Terminalis (BNST), is an
extension of the Amygdala that encodes the nature and chronicity of
stress to organize behaviorally adaptive responses. Importantly, the
Oval Nucleus of the BNST (BNSTov) contains an enriched population
of Corticotrophin-Releasing Factor (CRF) neurons. These BNSTovCRF
neurons are stress responsive and thereby may provide the neural
link between CRF and depression. Employing a range of behavioral,
molecular, and cell-type specific optogenetics and fiber photometry,
we unveil a dimension to depression vulnerability that relies upon
accumulated stress-exposure. In this study, we seek to elucidate CRF-
related neural mechanisms that underlie depression onset that arise
from unmitigated exposure to chronic stress.
Methods: To elicit stress-related depressive behaviors, the

Chronic Social Defeat Stress (CSDS) paradigm was administered.
CSDS consists of daily repeated 10-minute antagonistic encounters
with CD-1 male mice, followed by a 24-hour sensory contact period
over the course of 10 days. Male mice underwent behavioral assays
that solicit for a range of anxiety and depression related behaviors
including social interaction (SI), sucrose preference, and elevated
plus maze tests. To manipulate the activity of BNSTovCRF neurons,
Crf-Cre mice were injected with viral constructs (DREADDs, opsins,
calcium-indicators) and ferrule cannulae implanted. To record
electrical activity of BNSTovCRF neurons, Crf-cre::TdTomato reporter
mice were used and cell-attached electrophysiology was used to
record the spontaneous firing rate.
Results: We have discovered a discrete time-window between 7

and 10 days of CSDS, where mice rapidly diverged from baseline
behavior to resilient or susceptible phenotypes (Two-way ANOVA, p <
0.0001, n = 18-20 mice per group), unmasking a temporal dimension
to stress-susceptibility. Importantly, electrophysiological (susceptible
vs resilient) and fiber photometric studies showed correlations of cell-
type and circuit level neuroadaptive changes respectively with the
behavioral observations. Cell-type specific chemogenetics reveal
the necessity and sufficiency for BNSTov CRF neurons for promoting
the development of depressive- and anxiety-like behaviors.
Conclusions: Altogether, these findings provide evidence of a

temporal domain to stress adaptation where alterations in CRF
neurotransmission may shift the predisposition of mice toward
either stress-resiliency or stress-induced depressive-like suscepti-
ble phenotypes. This discrete period of neuroadaptation may
present a window of opportunity for targeting molecular
mechanisms with the possibility of preventing the onset of
depression in stress-susceptible populations.
Keywords: Depression, Mood and Anxiety Disorders, Emotional

Stress
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T99. Pain Perception May Mediate the Relationship Between
Sleep Abnormalities and Increased Risk for Suicide

Diane Kim*, Jessica Carbajal, Wei Hou, Ricardo Caceda

Stony Brook University, Stony Brook, New York, United States

Background: Effective suicide prevention is hindered by a
limited understanding of the neurobiology leading to suicide.

Recognizing individuals at the highest risk for transition from
suicidal thoughts to action and deciding when to intervene
based on currently known risk and protective factors remains a
subjective and fallible process. Both sleep and pain processing
regulation abnormalities are found in individuals who
attempt suicide. The close temporal association between sleep
and pain dysregulation with suicidal behavior suggest that
both phenomena may interact in the development of suicide
risk. Our objective was to examine pain processing as a
mediator of the elevated suicide risk associated with sleep
abnormalities.
Methods: Three groups of adult depressed patients of both

genders (ages 18-65 years) including recent suicide attempters
(n = 79), suicidal ideators (n = 131) and non-suicidal depressed
controls (n = 51) were examined in a cross-sectional study for
sleep abnormalities, physical and psychological pain, pressure
pain threshold, suicidal ideation and recent suicidal behavior. To
evaluate the mediation effects of current physical/psychological
pain, four series of regression analyses were performed in the
Suicide Attempt and Suicidal Ideation groups: 1) sleep quality
predicts current physical/psychological pain on; 2) current
physical/psychological pain predict suicidal ideation severity;
3) sleep quality predicts suicidal ideation severity; 4) sleep
quality + current physical/psychological pain predict suicidal
ideation severity. Physical and psychological pain, pressure pain
threshold and suicidal ideation severity were compared
between patients suffering from nightmares vs. not, early
insomnia vs. not, middle insomnia vs. not, terminal insomnia
vs. not, any insomnia vs. not, and in patients waking up feeling
rested vs. not using t-tests.
Results: Sleep quality was negatively correlated with suicidal

ideation severity (p = 004); this correlation was mediated by both
physical and psychological pain. The only difference in sleep-
related measures between depressed patients with suicidal
ideation and those after a recent suicide attempt was higher
frequency of early insomnia in the former group (p = 0.010). Both
current physical and psychological pain were increased in patients
suffering from nightmares (p = 0.003; p = 0.001), early (p =
<0.001; p = <0.001), middle (p = <0.001; p = <0.001), terminal (p
= <0.001; p = <0.001) and any type of insomnia (p = <0.001; p =
<0.001). Pressure pain threshold was elevated in patients suffering
from any type of insomnia (p = 0.013).
Conclusions: Sleep abnormalities were found in both acutely

suicidal groups, patients with current suicidal ideation and those
after a recent suicide attempt. Moreover, our findings indicate that
the association between poor sleep quality and increase in suicidal
ideation severity was mediated by both physical and psycholo-
gical pain. The impact of these findings lies in the identification of
pain processing as a biological mechanism underlying the
progression to suicidal behavior. We hypothesize that underlying
decreased GABAergic transmission, may be responsible for the
sleep and pain processing abnormalities seen in suicidal patients.
Keywords: Suicide, Suicidal Ideation, Psychological Pain, Sleep,

Insomnia
Disclosure: Nothing to disclose.

T100. Efficient Methodology for Genotyping CYP2D6 and
CYP2C19 for Neuropsychopharmacology

Abstract not included.

T101. Neuroimaging of Depression With Diffuse Optical
Tomography During Repetitive Transcranial Magnetic
Stimulation

Shixie Jiang*, Jingyu Huang, Hao Yang, Ryan Wagoner, Glenn
Currier, Frank Kozel, Huabei Jiang
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University of South Florida, Tampa, Florida, United States

Background: Repetitive transcranial magnetic stimulation (rTMS)
is an effective and safe treatment for depression; however, its
potential has been stunted due to non-optimized targeting,
unclear ideal stimulation parameters, and lack of information
regarding how the brain is physiologically responding during and
after stimulation. While neuroimaging is ideal for obtaining such
critical information, previous modalities have been limited due to
poor spatial resolution, along with significant noise interference
from the magnetic spectrum. In this study, we used a novel diffuse
optical tomography (DOT) device in order advance our under-
standing of the neurophysiological effects of rTMS in depression.
Methods: Healthy and depressed subjects aged 18–70 were

recruited. Treatment parameters were standardized at the left
dorsolateral prefrontal cortex with a magnetic field intensity of
100% of motor threshold, pulse frequency of 10 per second, a 4
second stimulation time and a 26 second rest time. DOT imaging
was simultaneously acquired from the contralateral dorsolateral
prefrontal cortex.
Results: Eight healthy and eleven depressed subjects were

included for final analysis. Hemoglobin changes and volumetric
three-dimensional activation patterns were successfully captured.
Depressed subjects were observed to have a delayed and less
robust response to rTMS with a decreased volume of activation
compared to healthy subjects.
Conclusions: In this first-in-human study, we demonstrated the

ability of DOT to safely and reliably capture and compare cortical
response patterns to rTMS in depressed and healthy subjects. We
introduced this emerging optical functional imaging modality as a
novel approach to investigating targeting, new treatment para-
meters, and physiological effects of rTMS in depression.
Keywords: Human Neuroimaging, TMS, Depression
Disclosure: Nothing to disclose.

T102. Cortical Thinning and Peripheral Inflammation in
Persons at High and Low Familial Risk for Depression

Claudia Lugo-Candelas*, Alison McColl, Christopher Nile, Chris-
topher Delaney, Jamie Skipper, Ardesheer Talati, Jonathan
Cavanagh, Jonathan Posner, Myrna Weissman

Columbia University Medical Center/New York State Psychiatric
Institute, New York, New York, United States

Background: Depression is one of the most common and impairing
mental illnesses, impacting around 7.1% of U.S. adults (National
Survey on Drug Use and Health, 2018). The last decade has seen a
substantial increase in the study of potential biomarkers for
depression, with inflammatory biomarkers (e.g., IL-6; CRP) showing
promise (Strawbridge, Young & Cleare, 2017). However, the study of
depression biomarkers has yet to yield a mechanistic understanding
of how the markers contribute to the disease, impact prospective
determination of treatment response, or lead to the development of
novel, targeted therapies (Schmidt, Shelton, & Duman, 2011). It has
been suggested that the aforementioned limitations can be
overcome by examining an array of biomarkers simultaneously.
Examining brain-immune interactions would not only allow for a
better understanding of the entire biological networks that are
impacted in depression but may also yield more sensitivity and
specificity in predicting the development of depression and
treatment response (Papakostas, 2013). We thus sought to integrate
two biomarkers for depression: brain thinning and peripheral
inflammation. The present study leverages a three-generation
sample of individuals at high and low risk for depression based
on family history that has been followed for over 30 years
(Weissman et al., 2016). We employ a nuanced approach to

studying inflammatory markers, examining a comprehensive panel
of 92 inflammation-related protein biomarkers.
Methods: Participants were recruited from a three-generation

sample that included children and grandchildren (G2 and G3) at
high- or low- familial risk for depression, as defined by the
presence or absence of major depressive disorder (MDD) in the
first generation (G1). The sample consisted of 50 participants (25
females; 25 males, ageM = 38 ± 13.9). Twenty-three subjects had a
high familial risk for depression (i.e., proband met MDD diagnosis
at start of study), and 27 had a low familial risk for depression.
Participants underwent Magnetic Resonance Imaging (MRIs),
completed assessments of depressive symptomatology, and
provided saliva samples. FreeSurfer (v6.0) was used to estimate
cortical thickness at each point on the pial surface. Five cortical
regions were examined (right superior frontal, left superior frontal,
left caudal middle frontal, right caudal middle frontal and left
inferior parietal). Regions of interest were selected a priori based
on previous work from our group documenting persistent cortical
thinning in these regions in high-risk offspring, therefore
suggesting cortical thinning as a stable biomarker for familial
vulnerability for depressive illness (Hao et al, 2019). Ninety-two
inflammatory markers were simultaneously examined using the
Olink® inflammation protein panel.
Results: High risk participants showed increased inflammation

across five markers (IL-17A, IL-15RA, CCL23, IFN-gamma, & TRAIL;
ps < 0.042; controlling for BMI, sex, & age). TRAIL was related to
cortical thinning in the right caudal and superior frontal areas and
IFN-gamma to thinning in the left caudal middle frontal area (rs <
−0.293, ps < 0.048). Inflammatory markers were also related to
symptoms of depression and rumination, including the Inventory
of Depression and Anxiety Symptoms (IDAS), lassitude, insomnia,
appetite gain, social anxiety, traumatic intrusions and traumatic
avoidance subscales, as well as symptoms of rumination (all rs >
0.409, ps < 0.019).
Conclusions: Results suggest that inflammation may be

implicated in both the brain changes seen in familial risk for
and current symptomatology. Longitudinal research is needed to
better understand how peripheral inflammation and cortical
thinning- related to a family history of depression interact in
predicting subsequent risk for depression. Although findings need
independent replication, this study joins a growing literature in
suggesting immune pathways may be a valid target for treatment.
Keywords: Inflammatory Markers, Depression, Cortical

Thickness
Disclosure: Nothing to disclose.

T103. Inflammation in Bipolar Disorder: Age as Moderator
That May Heighten Vulnerability to Infection

Federica Klaus*, Ashley Sutherland, Benchawanna Soontorn-
niyomkij, Lisa Eyler

UCSD, La Jolla, California, United States

Background: Evidence suggests a dysregulation in peripheral
inflammatory markers in bipolar disorder (BD). Chronic somatic
comorbidities associated with immune dysregulation are more
prevalent in BD than in the non-mentally ill comparison (NC)
subjects, and aging itself can be characterized as a chronic
inflammation or “inflammaging”. Age, comorbidities, and dysre-
gulation of the immune system all predispose to a more severe
COVID-19 outcome. People with severe mental illness, like BD,
may have worse COVID-19 outcome, and it is important to
understand who is most vulnerable in order to minimize morbidity
and mortality during a pandemic.
Methods: We analyzed longitudinal data from patients with

BD (n = 52; M/F: 29/23) and age-/gender- matched NC (n = 74; 38/
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36), aged 25–65 years. Blood was drawn 3 times one week apart
prior to the COVID-19 pandemic. 18 inflammatory markers in
peripheral blood were analyzed: CRP, BDNF, CCL11, CCL26, IP10,
MCP1, MDC, MIP1b, VEGF, Fractalkine (Fract), IFNg, IL6, IL8, IL10,
TNFa, SAA, ICAM1, VCAM1. Acute inflammation (CRP>10mg/l or
WBC>11000/ul) was excluded and means across samples com-
puted. Somatic comorbidity was assessed as total severity index
(SI) from the Cumulative Illness Rating Scale-Geriatric. General
linear models were used to investigate the relationship of
inflammation to age and SI in BD and NC, and to compare group
relationships, in an exploratory approach.
Results: Levels of MDC (p < 0.05), IL6 (p = 0.01), TNFa (p = 0.03)

and somatic comorbidity (p = 0.02) were higher, and of Frac (p =
0.04) lower, in BD vs NC. Older participants had higher IL10 (p =
0.03), MCP1 (p < 0.01), VEGF (p = 0.02), IFNg (p < 0.01), IL8 (p <
0.01), TNFa (p < 0.01), ICAM1 (p < 0.01), and VCAM1 (p = 0.03).
Higher SI was associated with higher levels of VEGF (p < 0.01), IL6
(p < 0.01) and BDNF (p = 0.04). Further, there was an SI*group
interaction for IP10 and MCP1, with positive relationships in NC
and inverse relationships in BD.
For ICAM1, an age*group interaction (p < 0.05), indicated a

stronger positive age relationship in NC vs BD.
Conclusions: These results provide evidence for immune

dysregulation in BD, and greater inflammation with older age in
both groups. In general, the effects of age and diagnosis were
independent, with only the vascular endothelial marker ICAM1
showing stronger “inflammaging” in NC. Greater somatic comor-
bidity severity was also associated more inflammation in both
groups; for some markers, this was true only in the NC group. Our
results suggest that patients with BD might be generally
vulnerable, irrespective of age, to worse COVID-19 outcome due
to immune dysregulation already at young ages, as reflected by
increased inflammation and comorbidities in BD vs NC. Since older
age is related to heightened inflammation in both BD and NC, BD
may reach concerning levels of inflammation sooner given their
already elevated levels. We conclude that young and older people
with BD and older NC are likely to be more vulnerable to worse
COVID-19 outcomes.
Keywords: Bipolar Disorder, Ageing, Inflammation
Disclosure: Nothing to disclose.

T104. Cognitive Side Effects Are Associated With the
Volumetric Increases in the Hippocampus During ECT

Miklos Argyelan*, Todd Lencz, Paul Masi, Juan Gallego, Sana
Ali, Emily Moyett, Andrea Joanlanne, Ashley Moyett, Sean Allan,
Jason Andrus, Sohag Sanghani, Georgios Petrides, Anil
Malhotra

Hofstra Northwell School of Medicine, Glen Oaks, New York, United
States

Background: Electroconvulsive therapy (ECT) is considered to be
the most effective treatment for major depressive disorder.
However, the mechanism of action is unknown, and memory
side effects are reported in a significant proportion of patients.
In recent large scale studies (N~300 patients) with the GEMRIC

(Global ECT-MRI Research Collaboration) consortium we showed
that ECT causes widespread volume increases across the brain in a
dose dependent manner. Out of the tested 42 pair of regions
hippocampus had the largest volume increase. Despite these
robust findings, we could not find any correlation between the
volume changes and the clinical outcome. There are clinical and
preclinical reasons however to think that the hippocampus
volume changes are more likely to be associated with the
cognitive changes than with the clinical. We could not test this
hypothesis in our previous studies as no neurocognitive measures

were collected in the GEMRIC dataset. In this current study we set
out to investigate this relationship.
Methods: The study contains two independent cohorts of

patients (N = 30) who underwent a longitudinal neuroimaging
study during their clinical ECT trial.
The first cohort contained 16 subjects (age: 33.9 ± 11.2 y, 9 F)

with major depressive disorder who, received bifrontal only ECT
treatment. We tested the patients’ clinical symptoms at every ECT
session with 24 item Hamilton Depression Rating Scale (HAM-D)
and the patients were having rigorous neurocognitive testing at
baseline, before the 5th ECT and before the 12th ECT. Every
patient in this study had two MRI imaging sessions, one at
baseline and one after the 8th ECT.
The second cohort contained 14 subjects (age: 38.8 ± 12.7 y, 4

F) with schizophrenia spectrum disorder (SCZ) (schizophrenia,
schizoaffective disorder, schizophreniform disorder) who received
bitemporal ECT. We tested their clinical symptoms with Brief
Psychiatric Rating Scale (BPRS) every week in the first month, and
every two weeks during the last month. We also collected
extensive neurocognitive testing with the MATRICS battery at
baseline and at the end of the 8-week interval. Patients had MRI
imaging at baseline and at 8th week visit.
At each imaging session we obtained T1-weighted images with

high resolution (0.7 mm isotropic) MPRAGE sequence. Images
were automatically processed with the longitudinal version of
Freesurfer 6.0 (Reuter et al. 2012). We identified 42 bilateral
regions (x subcortical volumes and y cortical thickness) and
calculated the percent changes in these regions by calculating the
100x(region2-region1)/mean(region2+region1).
The primary outcome measure we tested was the cognitive

change (T-Score differences between time points), the hippocam-
pus volume change and their correlation.
Results: The clinical symptoms improved significantly in both

cohorts. In the first cohort the HAM-D changed from 22.3 ± 5.2 to
10.8 ± 5.4 (χ2=16.4, df = 1, p = 0.00005) and in the second cohort
the BPRS change was 42.1 ± 10.0 to 34.2 ± 9.6 (χ2=3.8, df = 1,
0.05).
In the first cohort the RBANS decreased with 2.7 points (CI: -5.8 -

0.4, t = 1.85, df = 15, p = 0.08) after 5 ECT and with 1.5 points (CI:
-6.4- 3.4, t = 0.65, df = 12, p = 0.53) after 12 ECT. In the second
cohort the MATRICS decreased with 3.2 points (CI: -13.9 -7.6, t =
0.65, df = 11, p = 0.53) after 8 weeks of treatment. None of these
changes were significant, but results indicated significantly larger
individual differences than it is expected based on neurocognitive
data collected in healthy controls (ICC =0.79 vs 0.28). Seven
patients in the first cohort and five patients in the second cohort
experienced more than 7 points (1 quartile) of decrease in their
overall standard scores after ECT.
In good agreement with our previous studies, both cohort

showed significant increases in the hippocampus (cohort 1: t =
6.1, p < 0.0001, cohort 2: t = 4.82, p < 0.001) in addition to other
medial temporal lobe regions.
The volume changes of the hippocampus and the cognitive

score changes correlated significantly in both cohorts (r = −0.52
and -0.56 respectively, p < 0.05), indicating worse cognitive
function with the enlargement of the hippocampus. Out of the
tested areas (42 regions) only hippocampus correlated with the
cognitive changes.
Although only exploratory result, but the hippocampus change

correlated with clinical response in the schizophrenia patient
cohort (r = −0.61, larger hippocampus was associated with better
clinical outcome).
Conclusions: These results indicate that hippocampus volume

increase is associated with the cognitive side effects of ECT across
different patient populations (SCZ and MDD). This result is
especially important in the light of growing longitudinal
neuroimaging evidence that ECT causes both cortical and
subcortical volume changes in a dose dependent way. The results
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suggest that although volume increases are widespread in
patients with growing numbers of ECTs, the cognitive side effects
are specific to the hippocampus volume increase.
The two different patient population also hints that the

mechanism of action to improve clinical symptoms might be
different across different disorders. In the first MDD cohort, in
good agreement with previous reports, neither volume changes in
the hippocampus nor in other areas were correlating with clinical
outcome. The second cohort, although preliminary, indicates that
hippocampus increase is associated with clinical outcome in
schizophrenia patients.
Keywords: Electroconvulsive Therapy, Major Depressive Dis-

order (MDD), Schizophrenia (SCZ)
Disclosure: Nothing to disclose.

T105. Phd Finger 21B Deficiency Leads to Increased Anxiety-
and Depressive-Like Behaviors in Mice

Ma-Li Wong*, Subhi Marwari, Eunice Chin, Hongyu Ruan, Martin
Lewis, Julio Licinio

State University of New York Upstate Medical University, Syracuse,
New York, United States

Background: We have recently found that the plant home-
odomain finger protein 21B (Phf21b) gene, located in the genomic
region in chromosome 22q13.31, is stress sensitive. Using a model
of stress, we reported a significant decreased hippocampal Phf21b
gene expression in rats resilient to chronic restraint stress
compared to non-chronically stressed rats. The PHF21B gene,
aka PHF4, is a member of PHD finger proteins with a conserved
531 amino acid protein that encodes a potential histone
modification reader. Its gene expression is found to be expressed
in several brain regions, including the frontal cortex and the
hippocampus; though, its central nervous system (CNS) functions
remain unknown. Therefore, we generated a Phf21b knockdown
mouse model and characterized anxiety- and depressive-like
behaviors.
Methods: The Phf21b mutant mouse was generated using the

CRISPR/Cas9 technology at the SA Genome Editing Facility
(University of Adelaide, South Australia, Australia). In this mouse
model, most of exon 4 of the mouse Phf21b gene was deleted and
a 5 bp random DNA insertion to create a frameshift mutation and
a premature stop codon. We used behavioral assays to ascertain
the effects of Phf21b deficiency in emotional behaviors in
littermate wild-type (WT, Phf21b+/+), heterozygous (Phf21b+/Δ)
and homozygous (Phf21bΔ/Δ) mice. Male and female mice were
studied. Anxiety-like behaviors were measured in the elevated
plus-maze (EPM) and open-field test (OFT). Depressive-like
behaviors were measured in the tail suspension test and the
sucrose preference test.
Results: Adult Phf21b WT and mutant mice were evaluated for

general health. Litter-mates of the three genotypes had similar
weight, length, and other physical characteristics, such as coat,
skin and whisker appearances, and general activity. Male and
female mice had similar changes in anxiety- and depressive-like
behaviors, and their combined data were used for data analyses.
Phf21b deficiency increased anxiety-like behaviors in the EPM and
OFT (n< 17/group for each test). In the EPM, Phf21bΔ/Δ mice
spent significantly less time in the open arms was vs. WT (P <
0.001). In the OFT, Phf21bΔ/Δ mice spent significantly less time in
the center of the arena (P < 0.001). Mice with Phf21b deficiency
had increased depressive-like behaviors. We performed the tail
suspension test where the total immobile time is a behavioral
despair measure. Immobility duration in Phf21bΔ/Δ mice was
significantly increased vs. WT mice (P < 0.001). Phf21bΔ/Δ and

Phf21b+/Δ mice had significantly decreased sucrose preference
compared to WT mice (P < 0.001 and P < 0.01, respectively).
Conclusions: The current studies were motivated by our

previous findings that the chronic stress response in rats
modulated Phf21b gene expression. Male and female Phf21b
deficient mice had increased anxiety- and depressive-like beha-
viors compared to WT mice. Further studies are needed to
understand the pathophysiological mechanisms affected by
Phf21b deficient.
Keywords: Animal Models, Depressive-Like Behavior, Anxiety,

Behavioral Phenotyping
Disclosure: Nature Publishing Group: Honoraria (Spouse);

Elsevier: Honoraria (Self)

T106. Auditory Mismatch Negativity as Event-Related
Potential (ERP) Biomarkers for NMDA Receptor Antagonist
Medications

Nithya Ramakrishnan*, Nicholas Murphy, Marijn Lijffijt, Bylinda
Vo-Le, Brittany Vo-Le, Mark A. Smith, Tabish Iqbal, Sidra Iqbal,
Brittany O’ Brien, Alan C. Swann, Sanjay J. Mathew

Baylor College of Medicine, Michael E. DeBakey VA Medical Center,
Houston, Texas, United States

Background: The discovery of acute antidepressant effects of
sub-anaesthetic doses of ketamine has prompted a paradigm shift
concerning the neurochemical basis for treating major
depressive disorder (MDD). Compared to the monoaminergic
route, N-methyl-D-aspartate receptor (NMDAR) rapid antagonism
demonstrates antidepressant effects based on facilitation of
neuroplasticity. However, there is a need for detailed physiological
biomarkers to accurately monitor the downstream mechanics
associated with variations in receptor binding between drugs.
Early animal model studies of focal infusion of NMDAR antagonists
such as phencyclidine (PCP) has demonstrated reduction in
Auditory Mismatch negativity (MMN) amplitude (Javitt et al.,
1996). The MMN amplitude can be studied in human subjects non-
invasively using EEG and has demonstrated sensitivity to NMDAR
antagonism. However, studies suggest variations in the effects of
different pharmacotherapies, motivating the need for clarity on
the efficacy of MMN as a broad physiological marker of NMDAR
activity.
Methods: We conducted a comparison of the effects of three

different NMDAR antagonists on the MMN amplitude and latency
in human subjects to investigate the phenotypical effects
associated with different affinity and binding site properties.
Linear mixed models (LMM) were used to estimate effects of

each NMDAR antagonist. The first study used two doses (1440 mg
and 720 mg) of Kynurenine pathway modulator AV-101 (4-
chlorokynurenine, 4-Cl-KYN), an oral prodrug of 7-chlorokynurenic
acid (7-Cl-KYNA) relative to placebo, an NMDAR glycine site
antagonist in (N = 10) healthy veterans in a randomized, double-
blind, placebo-controlled cross-over trial. MMN was evaluated at
baseline (pre-infusion), and then hourly intervals until 5 hours post
dose. The second study conducted three 60-minute infusions of a
selective “low trapping” NMDAR antagonist (Lanicemine, BHV-
5500, 100mg) in PTSD patients with moderate symptoms. Patients
were randomized into placebo/saline (N = 12) or Lanicemine
infusions (N = 11). MMN was evaluated at baseline (pre-infusion),
30 minutes into infusion and 30 minutes after end of infusion at
two sessions separated by 4 days. To evaluate the acute effects of
Lanicemine, baseline measures on each day were used covariates
in the LMM. The final study used a single subanesthetic dose of
Ketamine (0.50 mg/kg) (N = 10) or midazolam (N = 7) infusion in
older veterans (age 55+) with late-life treatment-resistant
depression. MMN was measured at baseline, 30 minutes and 1
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hour from start of the 40-minute infusion and 2 and 3 hours after
end of infusion.
MMN task was a passive oddball task and consisted of standard

tones (50-ms, 80-dB SPL, 1kHz standard tones) that occurred 90%
of the time and deviant tones (100-ms, 80-dB SPL, 1kHz) that
occurred 10% of the time. Each deviant was preceded by 5-14
standard trials. Interstimulus interval was 500ms. The auditory
Mismatch Negativity (MMN) is evoked between 100 and 250 ms
after an unexpected auditory event and is measured as the
difference between (frequent) expected and (infrequent) unex-
pected stimuli in a passive oddball task (Lijffijt et al., 2019). EEG
was acquired using a 64 channel (BrainProducts GmbH, EasyCap)
at 1000 Hz sampling rate. Data was re-referenced to average,
filtered at 59-61 Hz notch & 1-30 Hz bandpass of continuous data.
Noisy data were removed prior to Independent Component
Analysis (ICA) for artifact removal. MMN was computed on
electrode FZ or CZ as the difference waveform of standard from
deviant ERP waveforms. These two electrodes were identified
across the studies to contain the maximum MMN amplitude.
Maximal deviation within 100ms-250ms was determined as MMN
peak amplitude. MMN peak latency was time that the peak
occurred in ms.
Results: Analysis of the fixed effects for AV-101 demonstrated

the there was no significant impact of dose on MMN amplitude (F
= 0.89, p = 0.41) and latency (F = 0.94, p = 0.39) relative to
placebo. Analysis of the fixed effects of Ketamine demonstrated
no significant effects of drug group on MMN amplitude (F = 0.03,
p = 0.86) but did identify a significant increase in latency in the
ketamine group relative to the control (F = 4.76, p = 0.03). Finally,
analysis of fixed effects of Lanicemine demonstrated no significant
effects of drug group on MMN amplitude (F = 3.919, p = 0.059)
and latency (F = 0.903, p = 0.353).
Conclusions: A recent meta-analysis revealed that MMN

amplitude is suppressed and, with a lower effect size, latency
increases after ketamine administration in chronic schizophrenia
patients. (Rosburg et al., 2016). This effect is sustained for at least
30 min after end of infusion (Umbricht D 2000). However, there is
also contradicting evidence of the low-affinity NMDAR antagonist
memantine increasing MMN amplitude (Swerdlow NR 2016). In
our comparison of effects from the three studies using different
NMDAR antagonists, we failed to demonstrate reduction in MMN
amplitude, but revealed some variability in the ability of NMDAR
antagonists to delay the latency of MMN generation compared to
inert or active placebo. The results from our studies highlight the
need for future work to assess the relationship between the
mechanism of action and properties of the task such as frequency
vs. pitch deviancy. It is also possible MMN amplitude and latency
lack general sensitivity in detecting NMDA receptor hypofunction
in healthy individuals, PTSD patients and late-life TRD patients
compared to patients with schizophrenia, where the most amount
of empirical data is found.
Keywords: NMDA Receptor Antagonist, Auditory Mismatch

Negativity, EEG/ERP Electrophysiology
Disclosure: Nothing to disclose.

T107. The Impact of Regulator of G-Protein Signaling 2 (RGS2)
on Social Stress-Induced Behavioral Phenotypes

Alexia Williams*, Catherine Pena, Abigail Laman-Maharg,
Evelyn Ordones Sanchez, Christine Xu, Stephanie Ramos-Maciel,
Rebecca Hao, Sae Yokoyama, Benoit Labonte, Melody Wu,
Jessica Tollkuhn, Venetia Zachariou, Eric Nestler, Brian Trainor

University of California, Davis, Davis, California, United States

Background: Chronic stressful experiences are a well-known risk
factor for the development of psychiatric disorders such as

major depressive disorder (MDD). Although many pharmaceu-
tical therapies have been developed for treating mood
disorders, over half of individuals that seek treatment do not
respond positively, indicating a dire need for new treatments
and thus new molecular targets for pharmaceutical compounds.
Social defeat stress (SDS) is widely used in rodents for modeling
stress-induced phenotypes such as social withdrawal and
anhedonia, which are in part modulated by the nucleus
accumbens (NAc). In rodents, stressful experiences induce
molecular changes within the NAc that correspond with
changes in these behaviors. A limitation of previous work is
that most focus on males. This is problematic because sex
differences exist in the prevalence of MDD, where women are
twice as likely to develop MDD relative to men. Given this, it is
imperative that studies on this topic consider sex as a biological
variable.
Here we utilize the California mouse model of social defeat,

where both males and females show similar levels of aggression,
allowing for direct sex comparisons at the behavioral and
molecular level. Using RNAseq we have found a potential novel
molecular target, Regulator of G-protein signaling 2 (Rgs2), which
functions as a negative regulator of G-protein coupled receptor
(GPCR) signaling. Reduced production of RGS2 protein interferes
with the function of neuropeptide and neurotransmitter receptors
and has been correlated with increased risk for neuropsychiatric
disorders. In the following studies we use molecular techniques to
confirm the impact of stress on Rgs2 and the relevance of Rgs2 to
affect behavior using viral vector manipulations.
Methods: Experiment 1: male and female California mice were

randomly assigned to SDS (placed in the cage of a same-sex
aggressor for 7 min for 3 days) or control handling. 2 weeks later
the NAc was dissected from stressed and unstressed males and
females (unstressed = 7-8, stressed = 6-7) and used to perform
RNAseq on an Illumina NextSeq platform. Following preprocessing
differential expression (DGE) was performed using DESeq2 (R) and
differences in transcriptional profiles between experimental
groups were assessed using various techniques.
Experiment 2: in separate cohorts of mice, male and female

California mice were randomly assigned to SDS or control
handling. 2 weeks later samples were used for either in-situ
hybridization to test the anatomical distribution of Rgs2 or the
NAc was microdissected and used for either western blots or qPCR
to test the effects of stress on RGS2 protein and mRNA expression.
Experiment 3: female California mice were run through SDS. 1

week later they were site-specifically injected with either an HSV
vector expressing Rgs2 (I/E 4/5-HSV-RGS2-mCMV-eGFP) or an
empty vector containing GFP into the NAc. 4 days later mice were
run through a sucrose anhedonia test (to assess changes in
preference for rewarding stimuli), followed by a social interaction
test (to assess changes in interest in approaching a same-sex
novel mouse). Mice were then transcardially perfused and viral
placement was confirmed.
Statistical analysis: Exp. 1: t-tests followed by false discovery rate

(FDR) analyses were used to compare DGE between groups. Exp.
2-3: data was normalized when appropriate followed by ANOVA
testing and pairwise comparison post-hoc analyses.
Results: Using an unbiased rank-rank hypergeometric overlap

analysis, we compared California mouse transcriptional profiles
to profiles observed in the NAc of patients with and without
MDD (MDD = 13, control = 9-13). We found 1) a lack of an
overlap in directionality of transcriptional patterns (upregulated
v. downregulated) between stressed male and female California
mice, indicating SDS induced sex-specific changes to the
transcriptome, and 2) an overlap in genes downregulated by
stress in female California mice and in women diagnosed with
depression.
Gene ontology analyses within this subset of downregulated

transcripts in the NAc of both women and female mice showed
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GPCR signaling, and regulation of GPCR signaling, were highly
enriched terms. Rgs2 was contained within these enriched terms.
In-situ hybridization analyses confirmed localization of Rgs2 in the
NAc of California mice. Western blots and qPCR showed that SDS
induced a significant reduction of RGS2 at the protein level (p <
0.01) and a trend for a decrease in Rgs2 mRNA (p = 0.06) in a sex-
specific manner two weeks after stress exposure.
Using an HSV viral vector we show that upregulating Rgs2

following SDS reverses both stress-induced social withdrawal (p <
0.01) and anhedonia (p < 0.001) compared to stressed females
receiving an empty vector and stressed females where either
vector was misplaced (Rgs2 = 7, GFP = 6, miss = 4). Future
experiments are planned to confirm whether shRNA down-
regulation of Rgs2 can induce social withdrawal and anhedonia
in unstressed female mice.
Conclusions: These results show that SDS induces similar

transcriptional changes in female California mice and in women
with depression, suggesting that SDS may be an important
paradigm for assessing impacts of stress at the transcriptional
level that are especially relevant for women. Additionally, we show
significant evidence for Rgs2’s ability to modulate depression-like
behavioral phenotypes, demonstrating its potential to be a novel
molecular target for therapeutic interventions for mood disorders.
Keywords: Mood and Anxiety Disorders, Nucleus Accumbens,

Social Withdrawal, Depression, RNAseq
Disclosure: Nothing to disclose.

T108. Subjective and Behavioral Effects of Repeated
Microdoses of LSD in Healthy Human Volunteers

Anya Bershad*, Michael Bremmer, Harriet de Wit

UCLA, Los Angeles, California, United States

Background: Over the past several years there has been renewed
interest in using lysergic acid diethylamide (LSD) and other
psychedelic drugs to treat a range of psychiatric and medical
conditions. In particular, the media has focused on the practice of
‘microdosing’ LSD in order to improve mood and cognition.
Thousands of people report that very low (“subthreshold”) doses
of LSD, taken once every 3-4 days, can produce a range of
beneficial effects. However, until now, the effects of such repeated
doses have not yet been tested in a placebo-controlled laboratory
study in healthy volunteers.
Methods: In this preliminary study, we examined the effects of

13μg LSD administered four times, once every 3 days on
subjective ratings and emotion processing tasks. Eight healthy
volunteers participated in a within-subjects, placebo-controlled
design with a two-week washout between the drug and placebo
conditions. They completed mood questionnaires and behavioral
tasks during the sessions and after completing all four sessions.
Results: Repeated administration of LSD at this dose produced

subtle effects on emotion processing, compared to placebo. It
reduced negative responses in a social rejection task after the four
administrations. On the social rejection task LSD increased
subjects’ sense of control and ameliorated their drop in self-
esteem after rejection. Further, the drug produced subtle effects
on perception of emotional facial expressions. LSD did not affect
cognitive performance.
Conclusions: The study showed that such a repeated dosing

design is feasible and suitable for further research. Future studies
with larger sample sizes and those including populations with
clinical symptoms of anxiety and depression will be important
next steps in the field.
Keywords: LSD Microdosing, Mood, Humans, Translational

Research, Psychedelics
Disclosure: Nothing to disclose.

T109. Concurrent Improvement of Depressive and Anxiety
Symptoms in Patients With Postpartum Depression Treated
With the Oral Neuroactive Steroid Zuranolone

Kristina Deligiannidis*, Brian Werneburg, Ming-Yi Huang,
Ellison Suthoff, Robert Lasser, Handan Gunduz-Bruce, Sarah
Acaster, Moshe Fridman, Vijayveer Bonthapally, Stephen J.
Kanes

Zucker Hillside Hospital, Feinstein Institute for Medical Research;
Zucker School of Medicine at Hofstra/Northwell, Glen Oaks, New
York, United States

Background: Postpartum depression (PPD) is one of the most
common medical complications during and after pregnancy. In
the United States, approximately 13.2% of mothers experience
symptoms of PPD, varying by state from 9.7% to 23.5%. Women
with PPD may have intense feelings of sadness, anxiety, and
irritability, as well as a range of cognitive, social, and somatic
symptoms. Anxiety is a prominent symptom of PPD, and is
associated with more severe disease. Under- or untreated PPD is
associated with negative short- and long-term consequences for
the mother, infant, and family. PPD has also been associated with
altered functional connectivity of the default mode network,
salience, and central executive networks, and altered GABAergic
signaling has been implicated in PPD. Enhancing GABAergic
inhibition may restore excitatory/inhibitory balance to regulate
brain network activity, which has been proposed to reduce
depressive symptoms. Zuranolone (ZRN; SAGE-217) is an investi-
gational oral neuroactive steroid GABAA receptor positive
allosteric modulator. Neuroactive steroids that act as GABAA
receptor positive allosteric modulators activate both synaptic and
extrasynaptic GABAA receptors to produce phasic and tonic
inhibitory currents to potentially enhance GABAergic inhibition.
ZRN was evaluated in a double-blind, randomized, placebo-
controlled Phase 3 trial in adults with PPD (NCT02978326). In this
trial, ZRN met the primary endpoint, reducing depressive
symptoms assessed by change from baseline (CFB) in the 17-
item Hamilton Rating Scale for Depression total score (HAMD-17)
at Day 15 versus placebo (CFB±SE: ZRN: -17.8±1.04, placebo: -13.6
±1.07, p = 0.0028). The most common AEs (≥5%) in the ZRN group
were somnolence, headache, dizziness, upper respiratory tract
infection, diarrhea, and sedation. Post hoc analyses examined
concurrent improvement of depressive and anxiety symptoms at
Day 15 and Day 45 (trial follow-up).
Methods: In this Phase 3 study, women (N = 151) ages 18-45,

≤6 months postpartum, with PPD (a major depressive episode
beginning in the third trimester or ≤4 weeks postpartum), and a
qualifying HAMD-17 total score ≥26, were randomized 1:1 to
receive ZRN 30 mg or placebo for 14 days, with 4 weeks follow-up.
Secondary endpoints included the CFB in the HAMD-17 at all
other measured timepoints aside from the primary endpoint on
Day 15, CFB in the Hamilton Rating Scale for Anxiety (HAM-A), and
CFB in the Montgomery–Åsberg Depression Rating Scale (MADRS).
These post hoc analyses explored concurrent improvement of
depressive and anxiety symptoms using a combination of scales:
HAMD-17 and HAM-A, or MADRS and HAM-A, at Days 15 and 45.
Depression remission was defined as either HAMD-17 total score
≤7, or a MADRS total score ≤10. Improvement in anxiety
symptoms was defined as a HAM-A total score ≤7. Concurrent
improvement was defined using two scale combinations: a HAMD-
17 total score ≤7 and a HAM-A total score ≤7, or a MADRS total
score ≤10 and a HAM-A total score ≤7. Concurrent improvement
rates were assessed using Fisher’s exact test, while estimates for
odds ratios (ORs) and 95% confidence intervals (CIs) for ORs were
derived using generalized estimating equations models for
repeated measures, adjusting for baseline covariates. Secondary
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endpoints and post hoc analyses were not adjusted for multi-
plicity. Adverse events (AEs) were assessed throughout the study.
Results: 76 and 74 patients from the ZRN and placebo

treatment arms were included in these post hoc analyses,
respectively. A significantly higher proportion of ZRN-treated
patients achieved concurrent improvement of depressive and
anxiety symptoms at Day 15 and Day 45 compared with placebo
using both scale combinations. Namely, HAMD-17 and HAM-A
concurrent improvement rates for ZRN-treated patients compared
with placebo were 40.5% versus 19.2% (p = 0.007) at Day 15, and
52.1% versus 23.2% (p < 0.001) at Day 45. MADRS and HAM-A
concurrent improvement rates for ZRN-treated patients compared
with placebo were 43.2% versus 23.3% (p = 0.014) at Day 15, and
53.4% versus 26.1% (p = 0.001) at Day 45. ORs for HAMD-17 and
HAM-A concurrent improvement were 2.8 (95% CI: 1.3, 5.8; p =
0.008) at Day 15, and 3.5 (95% CI: 1.7, 7.2; p < 0.001) at Day 45. ORs
for MADRS and HAM-A were 2.4 (95% CI: 1.2, 4.8; p = 0.019) at Day
15, and 3.1 (95% CI: 1.5, 6.4; p = 0.002) at Day 45.
Conclusions: Zuranolone administration in women with PPD

has previously been shown to provide rapid (Day 3 HAMD-17 total
score) and sustained improvement in depressive symptoms
(HAMD-17 total score at all measured time points up to Day 45)
compared with placebo. In addition to these effects, post hoc
analyses showed that a higher proportion of zuranolone-treated
patients achieved concurrent improvement of depression and
anxiety symptoms compared with placebo at both Day 15 and
Day 45, as defined by HAMD-17/HAM-A or MADRS/HAM-A scores.
Keywords: Postpartum Depression, Anxiety, Zuranolone
Disclosure: Sage Therapeutics, Inc.: Consultant (Self)

T110. Lumateperone (ITI-007) in the Treatment of Bipolar
Depression: Efficacy Across Symptoms

Suresh Durgam*, Andrew Satlin, Robert Davis, Kimberly Van-
over, Susan Kozauer, Jason Huo, Sharon Mates, Joseph
Calabrese

Intra-Cellular Therapies, Inc., New York, New York, United States

Background: Approved treatments for bipolar depression are
limited and are associated with a spectrum of undesirable side
effects. Treatment options for depressive episodes associated with
bipolar II disorder are even more limited. Lumateperone
(lumateperone tosylate, ITI-007) is a mechanistically novel
antipsychotic that is FDA-approved for the treatment of schizo-
phrenia. Lumateperone simultaneously modulates serotonin,
dopamine, and glutamate neurotransmission. In trials in patients
with schizophrenia, lumateperone was efficacious with a favorable
safety profile and improved depression symptoms in patients with
moderate-to-severe depression symptoms at baseline. Lumate-
perone is currently being investigated for bipolar depression.
A phase 3 placebo-controlled study (NCT03249376) demon-

strated the efficacy and safety of lumateperone monotherapy in
patients with bipolar I or II disorder experiencing a major
depressive episode (MDE).
Methods: Patients aged 18─75 years with a clinical diagnosis of

bipolar I or II disorder experiencing a current MDE (MADRS Total
score ≥20 and a Clinical Global Impression Scale-Bipolar Version-
Severity [CGI-BP-S] score ≥4 at screening and baseline) were
randomized to lumateperone 42 mg or placebo, administered
once daily in the evening. MADRS Total and constituent item
scores were analyzed by visit using a mixed-effects model for
repeated measures approach. This prospectively defined analysis
evaluated the broad efficacy of lumateperone across depression
symptoms as assessed by the Montgomery-Åsberg Depression
Rating Scale (MADRS) single-item scores. Post hoc analyses

included assessment of the percent of patients with categorical
improvements in severity of individual MADRS items.
Results: In this 6-week study, 377 patients received treatment

(lumateperone 42 mg, 188; placebo, 189) and 333 (87.4%)
completed treatment. Lumateperone treatment significantly
improved MADRS Total score compared with placebo (least-
squares mean difference [LSMD] = −4.6; P<.0001).
The most prominent MADRS items at baseline were reported

sadness (mean score: 4.2 [lumateperone], 4.1 [placebo]) and
apparent sadness (3.9 both). With lumateperone treatment, 8 of
10 items significantly improved compared with placebo by Day
29, with significant improvement on all items by Day 43 (P<.05 to
P<.001). The largest placebo-adjusted improvements (Day 43)
were observed for reported sadness (LSMD = −0.6), apparent
sadness (LSMD = −0.5), inner tension (LSMD = −0.5), and
reduced sleep (LSMD = −0.7).
Conclusions: In patients with bipolar I or bipolar II depression,

lumateperone 42 mg treatment compared with placebo signifi-
cantly improved a broad range of depression symptoms.
Keywords: Bipolar Disorder, Antipsychotic, Bipolar I Depression,

Bipolar I & II Disorder
Disclosure: Intra-Cellular Therapies, Inc: Employee, Stock/Equity

(Self)

T111. The National Pregnancy Registry for Psychiatric
Medications: Effects of Fetal Exposure to Atypical
Antipsychotics on Risk for Major Malformations

Lee Cohen*, Taylor Church, Marlene Freeman, Peter Gaccione,
Lina Goez Mogollon, Sara McElheny, Amanda Young, Phoebe
Caplin, David Chitayat, Sonia Hernández-Díaz, Adele Viguera

MGH/Harvard Medical School, Boston, Massachusetts, United States

Background: The National Pregnancy Registry for Atypical
Antipsychotics (NPRAA) is a systematic prospective pharmacov-
igilance program used to collect reproductive safety information
in order to inform the care of reproductive aged women with
psychiatric disorders. The Registry’s scientific advisory board,
consisting of experts in the fields of teratology, pharmacoepide-
miology, and psychiatry, governs the release of findings.
Website: www.womensmentalhealth.org/pregnancyregistry
Toll-free number: 1-866-961-2388
Methods: Enrollment and longitudinal follow-up of participants

is ongoing. Data are prospectively collected from pregnant
women, ages 18-45 years, with three phone interviews conducted
at time of enrollment, 7 months gestation, and 3 months
postpartum. The exposed group in these analyses is composed
of women who have taken one or more atypical antipsychotics
during pregnancy, while the comparison group is composed of
women with psychiatric disorders who have not taken this class of
medication during pregnancy. Information regarding the presence
of major malformations is abstracted from medical records, and
identified cases of major malformations are adjudicated by a
dysmorphologist who is blinded to drug exposure and psychiatric
diagnoses.
Results: As of August 3rd, 2020, 2,004 women have enrolled,

including N = 923 in the exposure group and 1,081 controls.
Medical records were obtained for 81% of participants. Updated
relative and absolute risks of major malformations for infants
exposed to the 1) aggregate sample of atypical antipsychotics vs
unexposed controls and 2) individual medications in the class vs
the non-exposed comparison group will be presented (forth-
coming August 2020). As of April 2019, N = 1069 women
completed the study and were eligible for inclusion in the analysis.
Of 535 live births in the group exposed to all atypical
antipsychotics, 16 confirmed major malformations were reported.
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There were 9 major malformations in the 534 live births of the
control group. No consistent pattern of particular malformations
was noted in either group. The absolute risk of neonatal major
malformations was 3.0% in the exposure group and 1.7% in the
comparison group. The estimated risk ratio for major malforma-
tions was OR= 1.77 (95% CI: 0.79-3.98).
Conclusions: The NPRAA offers a systematic way to collect

prospective reproductive safety information which informs the
care of women who may use atypical antipsychotics to sustain
psychiatric well-being. This preliminary analysis indicates that
SGAs do not appear to have a major teratogenic effect, but further
information is needed to better estimate risk. The scientific
advisory board for the NPRAA advised that risk estimates for
malformations with respect to the newest sample of aggregate
data be released with more specific risk assessments compared to
risk estimates for individual molecules and the non-exposed
control group. Forthcoming data will provide updated information
regarding current findings from the NPRAA, pertaining to atypicals
as a class and individual medications compared to controls. The
importance of pregnancy registries is underscored by FDA
guidance (https://www.fda.gov/drugs/labeling/pregnancy-and-
lactation-labeling-drugs-final-rule), and the inclusion of the
National Pregnancy Registry for Psychiatric Medications in the
FDA label for atypical antipsychotics among other medications.
Keywords: Pregnancy, Atypical Antipsychotics, Perinatal,

Women’s Health, Registry
Disclosure: Alkermes Biopharmaceuticals, Otsuka Pharmaceu-

ticals, Sunovion Pharmaceuticals, Teva Pharmaceuticals, Janssen
Pharmaceuticals, Sage Therapeutics, Inc., JayMac Pharmaceuticals,
SAGE Therapeutics: Grant (Self); Alkermes Biopharmaceuticals,
Praxis Precision Medicines, Inc.: Consultant (Self)

T112. Bioenergetic Effects of Ketamine and its Bioactive
Metabolites in Human Cells

Amanda Decker, Zoe Randall, Mark Niciu*

University of Iowa Health Care, Iowa City, Iowa, United States

Background: At subanesthetic doses, racemic ketamine and its
bioactive metabolites induce rapid and robust antidepressant
effects in treatment-resistant depressed patients and preclinical
models of despair, e.g. chronic unpredictable stress and social
defeat stress in rodents. On a cellular and molecular level, the
antidepressant mechanisms of ketamine have mostly been
investigated in non-human model systems. Although the
upstream effects remain debated, most experts in the field agree
that ketamine rapidly induces synaptogenesis/plasticity in a brain-
derived neurotrophic factor (BDNF)-dependent manner. Synaptic
remodeling is an energy-dependent process, and BDNF itself has
been shown to enhance neuronal bioenergetics. To this end, we
have investigated the in vitro effects of racemic ketamine and its
bioactive metabolites, e.g. (2R,6R)-hydroxynorketamine (HNK),
using a human neuroblastoma cell line, SK-N-SH cells. On
differentiation, SK-N-SH cells have been shown to have choliner-
gic, dopaminergic and glutamatergic properties. In terms of the
latter, differentiated SK-N-SH cells the express functional N-
methyl-D-aspartate (NMDA) and alpha-amino-3-hydroxy-5-
methyl-4-isoxazolepropionic acid (AMPA) receptors [Pizzi et al.
(2002) Eur J Neurosci 16(12):2342-50, PMID: 12492429]
Methods: After plating at equal densities, SK-N-SH cells were

differentiated for 2 weeks with a combination of retinoic acid and
fetal bovine serum. These differentiated cells were treated with
racemic ketamine and its bioactive metabolites in a dose- and
time-dependent manner. Mitochondrial stress tests were per-
formed in live cells using a Seahorse XFe24 analyzer (Agilent
Technologies, Santa Clara, CA, U.S.A.]. These cells were

sequentially incubated with inhibitors, e.g. oligomycin and
rotenone & antimycin A, and uncouplers, e.g. carbonyl cyanide
4-(trifluoromethoxy)phenylhydrazone (FCCP), to assess mitochon-
drial and non-mitochondrial respiratory dynamics. Oxygen con-
sumption rate (OCR) and extracellular acidification rate (ECR) were
measured in ~30,000 cells/well with at least four (4) replicates per
experimental condition. One-way analysis of variance (ANOVA)
was used to compare group means in salient parameters.
Results: Ketamine and its bioactive metabolites had no

consistent effect on ECR. Spare respiratory capacity percentage
[(maximal respiration – basal respiration)/basal respiration] (SRC%)
was increased in a dose- and time-dependent manner by racemic
ketamine. Yet, with 1-hour incubations, up to 50 mcM ketamine
increased SRC%, while, at higher doses (100 and 200 mcM), a
reversal of these effects was observed. The highly selective N-
methyl-D-aspartate (NMDA) receptor antagonist MK-801 (25 mcM)
had similar effects on SRC% as racemic ketamine. 5 mcM
rapamycin, an antagonist of the mTOR pathway, which has been
demonstrated to have a mechanistic role in the antidepressant
response of ketamine in preclinical studies, had no effect on
investigated parameters including SRC%. Finally, (2R,6R)-HNK
decreased non-mitochondrial oxygen consumption.
Conclusions: Racemic ketamine increase mitochondrial respira-

tory capacity in a dose- and time-dependent manner in
differentiated neurons that express functional glutamate recep-
tors. However, at higher doses, these effects are reversed,
supporting the ketamine’s “inverted U” hypothesis of antidepres-
sant dose-dependency. NMDA-receptor antagonism alone
appears sufficient to increase mitochondrial respiratory capacity,
suggesting an important mechanistic role in this cell line. Finally,
(2R,6R)-HNK, a bioactive metabolite with, in some studies, low
affinity for NMDA receptors, decreased non-mitochondrial oxygen
consumption, proposing a potential antioxidant-like effect. In the
future, we will extend our respiratory studies to human induced
pluripotent stem cell-derived cortical spheroids, a well-validated
three-dimensional organoid model of cortical neogenesis and
glutamate synaptic structure/plasticity.
Keywords: Ketamine, Hydroxynorketamine, Mitochondria,

Respiration, Seahorse
Disclosure: Nothing to disclose.

T113. Anxiolytic-Like Activity of Cariprazine, a Dopamine D3
Receptor-Preferring Antipsychotic, in Rat Models

Abstract not included.

T114. (R,S)-Ketamine is Antidepressant and Prophylactic
Against Stress in Adolescent but Not Aged Mice

Alessia Mastrodonato*, Ina Pavlova, Christine Ann Denny

Columbia University, Research Foundation for Mental Hygiene, Inc.,
New York, New York, United States

Background: (R,S)-ketamine, an N-methyl-D-aspartate (NMDA)
receptor antagonist, is frequently used as an anesthetic in
children. Recently, (R,S)-ketamine has emerged as a rapid-acting
antidepressant, and we have reported that it can also be a
prophylactic against stress in adult mice. However, it is still
unknown whether (R,S)-ketamine can protect against stress in
adolescent or aged populations.
Methods: Here, we administered saline or (R,S)-ketamine at

varying doses (10, 30 or 100 mg/kg) to adolescent (5-week-old,
n = 10 per group) and aged (24-month-old, n = 6 per group)
129S6/SvEv mice of both sexes, and assessed behavioral despair,
avoidance, and perseverative behaviors 1 hour later. In a second
set of experiments, to examine whether there was an interaction
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of (R,S)-ketamine and stress, mice were administered saline
or (R,S)-ketamine (n = 4-8 per group) 1 week or 1 month before
a 3-shock contextual fear conditioning (CFC) stressor and
behavioral despair, avoidance, and perseverative behaviors were
assessed following stress.
Results: In adolescent mice, acute (R,S)-ketamine administration

decreased behavioral despair (p < 0.05) and perseverative
behaviors in females (p < 0.0001), and fear generalization in both
sexes at sex-specific doses (p < 0.0001 in male and p < 0.05 in
female mice). (R,S)-ketamine administered 1 week prior to CFC,
attenuated learned fear (p < 0.05), avoidance (p < 0.05), and
perseverative behaviors in female mice (p < 0.0001), and
behavioral despair in male mice (p < 0.01). (R,S)-ketamine
decreased fear generalization in both sexes (p < 0.0001 in male
and p < 0.05 in female mice). (R,S)-ketamine administered 1 month
prior to CFC attenuated learned fear in male mice (p < 0.05), and
behavioral despair (p < 0.05) and perseverative behavior in female
mice (p < 0.01). In all experiments, (R,S)-ketamine was not effective
in aged mice (p > 0.05).
Conclusions: Our data indicate that (R,S)-ketamine is antide-

pressant and prophylactic at sex-specific doses (i.e., 30 mg/kg in
male and 10 mg/kg in female mice) in adolescent, but not in aged
mice. These findings underscore the need for sex- and age-
specific dosing to increase the efficacy of (R,S)-ketamine
treatment.
Keywords: Ketamine, Adolescence, Ageing
Disclosure: Nothing to disclose.

T115. Intranasal Administration of Transforming Growth
Factor (TGF)-β1 Produces Rapid-Acting Antidepressant-Like
Effects in a Chronic Social Defeat Stress Model

Yan Wei, Lijia Chang, Li Ma, Xianyun Wan, Kenji Hashimoto*

Chiba University Center for Forensic Mental Health, Chiba, Japan

Background: The N-methyl-D-aspartate receptor (NMDAR)
antagonist ketamine is one of the most attractive antidepressants
since this drug can produce rapid-onset and sustained antide-
pressant effects in treatment-resistant patients with major
depression and bipolar disorder. (R)-ketamine produced greater
potency and longer-lasting antidepressant effects than (S)-
ketamine in animal models of depression (Zhang J, et al.
Pharmacol. Biochem. Behav. 2014; Yang C, et al., Transl. Psychiatry
2015). Using RNA-sequence and GSEA, we reported that
transforming growth factor (TGF)-β1 plays a role in the
antidepressant effects of (R)-ketamine (Zhang K, et al. Transl.
Psychiatry 2020). The present study was, therefore, undertaken to
examine whether intranasal administration of TGF-β1 can
ameliorate depression-like phenotypes in the susceptible mice
after chronic social defeat stress (CSDS) model.
Methods: Eight-week-old adult male C57BL/6 mice (weight,

20–25 g; Japan SLC, Inc., Hamamatsu, Japan) and male adult CD1
(ICR) mice, aged 13-15 weeks (body weight >40g, Japan SLC, Inc.,
Hamamatsu, Japan) were used. CSDS were performed as
previously reported (Yang C, et al, Transl. Psychiatry 2015; Zhang
K, et al. Transl. Psychiatry 2020). Saline (0.5 ml/kg), or TGF-β1 (1.5
and 3.0 μg/kg) was administered intranasally to CSDS susceptible
mice. Furthermore, saline (0.5 ml/kg) was administered intrana-
sally to control (no CSDS) mice. Behavioral tests such as
locomotion, tail-suspension test (TST), forced-swimming test
(FST), and 1% sucrose preference test (SPT), were performed.
The data shown are the mean ± standard error of the mean (S.E.
M.). Data were analyzed using one-way analysis of variance
(ANOVA), followed post-hoc Tukey test.
Results: A single intranasal administration of TGF-β1 (1.5 and

3.0 μg/kg) significantly attenuated the increased immobility time

of TST of CSDS susceptible mice. Furthermore, TGF-β1 (3.0 μg/kg)
significantly attenuated the increased immobility time of FST of
CSDS susceptible mice. Moreover, TGF-β1 (3.0 μg/kg) significantly
ameliorated the decreased sucrose preference of SPT in the CSDS
susceptible mice 2 days after a single injection.
Conclusions: The present study suggests that a single

intranasal administration of TGF-β1 could produce rapid-acting
and sustained antidepressant effects in CSDS susceptible mice.
Therefore, intranasal administration of TGF-β1 would be a
potential therapeutic drug for depression.
Keywords: Ketamine, R-(-)-Ketamine, Rapid-Acting Antidepres-

sant, Chronic Social Defeat, Transforming Growth Factor Beta-1
Disclosure: Taisho: Consultant, Grant (Self); Dainippon-Sumi-

tomo, Otsuka: Grant (Self)

T116. Insomnia, Wakefulness and Suicide Risk: The
Relationship of Alpha and Beta Power With Next-Day Suicidal
Ideation in a Treatment-Resistant Depressed Sample

Elizabeth Ballard*, Dede Greenstein, Wallace Duncan, Jessica
Gerner, Carlos Zarate

National Institute of Mental Health, Bethesda, Maryland, United
States

Background: Sleep difficulties, nocturnal wakefulness and insom-
nia have recently emerged as potential predictors of short-term
suicide risk independent of psychiatric diagnosis. Previous work
from our group using polysomnography (PSG) indicated that the
amount of time spent awake in the 4 am hour predicts next-day
suicidal thoughts in MDD and Bipolar Disorder patients. However,
it is unclear if there are more specific neurobiological signals of
wakefulness in the PSG/EEG waveforms known to be associated
with arousal, specifically, frequencies in the alpha (relaxed
wakefulness) and beta (alert wakefulness) frequency bands.
Understanding this link between fluctuations in arousal-related
frequencies and suicide risk could provide important neurobiolo-
gical clues that could improve both risk prediction and treatment
development. The aim of this analysis was to leverage the
continuous and dynamic processes of alpha and beta EEG
frequencies, and to test the hypothesis that patterns depicting
temporally increasing and/or greater alpha and/or beta power
would predict next-day suicidal thoughts in a sample of
unmedicated patients with treatment-resistant depression (TRD).
Methods: 35 medication-free participants with TRD who

participated in a double-blind placebo-controlled crossover trial
completed overnight PSG. PSGs were performed following an
adaptation night and before the first treatment/placebo. For each
participant, 5.5 hours of raw data were used from sleep onset (1st
non-wake epoch with average clock-time onset 11:37 pm) and
recorded at C3-A2 (left central electrode). Estimated power
spectral density (PSD) was applied with a multitaper approach
for each of 4 alpha frequencies (8,9,10,11 hz), and each of 8 beta
frequencies (18,19,20,21,22,23,24,25 hz). We then used a multilevel
functional principal components (MFPCA) approach that accounts
for multiple time series per person and preserves the continuous
nature of the data by treating each frequency for each person as a
continuous function of time. Eigendecompostion of smoothed
covariance matrices generated eigenfunctions or curves that
represent the primary patterns of variation evident in sleep
processes. Principal component scores (PC scores) for alpha and
beta frequencies were used to explore relationships with clinical
measures. Next-day suicidal ideation (SI) with factor scores based
on MADRS and BDI SI-related items were employed, as described
in a published exploratory factor analysis. To estimate the
relationship between SI and sleep processes associated with
wakefulness, SI was regressed on the alpha and beta PC scores

ACNP 59th Annual Meeting: Poster Session II

232

Neuropsychopharmacology (2020) 45:170 – 277



separately while controlling for age and sex. Bayesian estimation
and regression coefficient posterior distribution evidence ratios
(probability a coefficient > 0 vs < 0; ratios > 1 indicating stronger
evidence for a positive relationship) and posterior probabilities
(probability in favor of hypothesis of positive, non-zero associa-
tions between SI and patterns of temporal fluctuations in alpha
and beta frequencies) were used.
Results: For both alpha and beta MFPCAs, 4 principal

component (PC) solutions that accounted for > 80% of the
variance were used and omitted PCs that accounted for < 5% of
total variation. The first component accounted for 63% of the total
variance in the alpha MFPCA and 58% in the beta MFPCA. In each
case, it represented a shift from the mean power over time. The
second, third, and forth components respectively accounted for
9%, 7%, and 5% (alpha) and 9%, 7%, and 6% (beta) and
represented oscillatory patterns with varying degrees of increas-
ing and decreasing power over time. Evidence ratios (ERs) for
alpha MFPCA PC scores as predictors of SI ranged from less than
one (PC 3 ER = 0.10, posterior probability = 0.09; PC 1 ER = 0.22,
posterior probability = 0.18) to greater than one (PC 2 ER = 1.13,
posterior probability = 0.53; PC 4 ER = 4.53, posterior probability
= 0.82). ERs for the first three beta MFPCA PC scores as predictors
of SI were greater than 1(PC 1: ER = 4.41, posterior probability =
0.82; PC 2 ER = 4.53, posterior probability = 0.82; PC 3 ER = 7.0,
posterior probability = 0.88). The ER for PC 4 was much weaker (ER
= 0.59, posterior probability = 0.37). Notably, PC 3 from the beta
MFPCA had the highest ER and was characterized by increasing
beta power over the course of the night.
Conclusions: Leveraging the continuous, dynamic nature of

wakefulness-related EEG frequencies, preliminary evidence indi-
cated a possible association between increasing beta power over
the 5.5 hours following sleep onset and next-day suicidal
thoughts. Whether these effects are primarily due to SI or to
factors such as depressive severity must be examined. Addition-
ally, examination of night-to-night stability and statistical robust-
ness of these findings is required to determine if increases in beta
power over the night can identify real-time markers of suicide risk.
Keywords: Suicide, Sleep, Insomnia, Treatment Resistant

Depression
Disclosure: Nothing to disclose.

T117. Postmortem Brain Desmosterol and 7-
Dehydrocholesterol Concentrations in Depression

Basar Cenik*, Jayme Palka, Bonne Thompson, Jeffery McDo-
nald, Carol Tamminga, Can Cenik, Sherwood Brown

Southern Illinois University, Springfield, Illinois, United States

Background: Major depressive disorder (MDD) is a common,
disabling, and heterogeneous condition that responds unpredic-
tably to current treatments. Identification of depression biomar-
kers is a promising and topical approach to personalized
treatment and improved outcomes in MDD. We previously
showed an association between depressive symptoms and plasma
concentrations of two cholesterol precursors, desmosterol and 7-
dehydrocholesterol (7DHC), which may be potential depression
biomarkers.
Methods: Total cholesterol and sterol concentrations in

postmortem brain samples from depressed (n = 20) and control
(n = 20) subjects were measured with mass spectrometry. Both
sexes were included. Bayesian statistical methods were used to
calculate 95% credibility intervals and test the hypothesis that the
differences in sterol concentrations associated with depressive
symptoms in our previous study would be replicated in the
comparison of depressed and control groups.

Results: Mean (± SEM) desmosterol concentration was 8.9 ±
0.97 ng/mg in the depressed versus 10.7 ± 0.72 ng/mg in the
control group. The mean of the posterior probability distribution
for the difference in desmosterol concentration between the two
groups was 2.36 (95% highest density interval [HDI] 0.59 ̶4.17).
Mean 7DHC concentrations, 12.5 ± 4.1 ng/mg in the depressed
versus 5.4 ± 0.74 ng/mg in the control group, were unlikely to be
different (95% HDI, [-1.37 ̶0.343]). However, 7DHC concentrations
higher than the 95th percentile were associated with a diagnosis
of MDD.
Conclusions: Desmosterol concentrations are lower in post-

mortem brains from depressed individuals compared to controls.
Extremely high 7DHC concentrations in postmortem brains
predict a lifetime diagnosis of MDD. These findings replicate the
observations from a previous independent study examining
plasma concentrations of these sterols in a population sample.
Desmosterol and 7DHC may be promising leads for biomarker
development in depression.
Keywords: Major Depressive Disorder (MDD), Desmosterol, 7-

dehydrocholesterol, Biomarker
Disclosure: Nothing to disclose.

T118. Neurotensin Gates Valence-Specific Plasticity
Underlying Associative Learning

Hao Li*, Praneeth Namburi, Jacob Olson, Matilde Borio,
MacKenzie Lemieux, Anna Beyeler, Gwendolyn Calhoon, Avi
Libster, Xin Jin, Sourav Choudhury, Xi Shi, Aneesh Bal, Ada Felix-
Ortiz, Kanha Batra, Laural Keyes, Nancy Padilla-Coreano, Cody
Siciliano, Romy Wichmann, Ila Fiete, Kerry Ressler, Feng Zhang,
Kay Tye

Salk Institute for Biological Studies, San Diego, California, United
States

Background: The ability to differentiate between rewards and
punishments (assigning positive or negative valence to environ-
mental stimuli) is essential for survival. Aberrant valence assign-
ment can manifest in many psychiatric disorders. Studies have
shown that the reward and punishment association potentiates
synaptic strength onto distinct populations of neurons in the
basolateral amygdala (BLA), with projections to the nucleus
accumbens (NAc) mediating reward learning and to the central
nucleus of the amygdala (CeM) mediating fear learning. However,
how the synaptic potentiation is directed to the appropriate
projections remains unknown. Our previous finding has indicated
a five-fold enrichment in the expression of the neurotensin
receptor 1 (NTSR1) mRNA in the BLA-CeM neurons compared to
the BLA-NAc neurons, suggesting a differential modulation of the
neuropeptide, neurotensin (NT) on BLA projectors during valence-
specific learning.
Methods: Adult wild-type C57BL mice, NT::Cre mice, and NT::

Cre mice crossed with the Ai14 reporter line aged at least 2
months were used for experiments. For experiments involving
gene manipulation and cranial implants, only male mice were
used. Mice received stereotaxic injection of retrobeads in the NAc
or CeM for labeling different BLA projectors, an injection of AAV
encoding Cre-dependent ChR2 in the PVT for optogenetic
stimulation of the PVT to BLA pathway, injections of AAV encoding
SpCas9 in the PVT and a retrograde AAV encoding guide RNAs
targeting exon 1 and exon 3 of the NT gene in the BLA for CRISPR-
mediated NT gene inactivation, injections of AAV encoding Cre-
dependent ChR2 in the BLA and a retrograde virus encoding Cre
in the NAc or CeA for in vivo identification of BLA projectors. Mice
were allowed 4-6 weeks of recovery before behavioral training. To
assess associative learning, mice were trained with a Pavlovian
conditioning paradigm, in which a 2 kHz or 20 kHz tone was
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paired with either a 10ul 30% sucrose delivery or 0.6mA footshock
for reward and fear learning paradigm, respectively. During the
three-cued discrimination task, reward, shock, and neutral trials
(which predicts no outcome) were chosen randomly at a
50%:25%:25% probability.
Results: We found that the bath application of NT differentially

modulates synaptic inputs onto the BLA-NAc and BLA-CeM
neurons and that the effects are blocked by NTSR1 antagonist.
We further identified three NT afferents to the BLA, the
paraventricular nucleus of the thalamus (PVT), medial geniculate
nucleus (MGN), and ventral hippocampus (vHPC), all of which co-
release glutamate. We showed that the input from the PVT is
critically involved in valence processing. Specifically, optogenetic
NT stimulation enhanced reward learning and suppressed fear
learning, while CRISPR-mediated NT gene inactivation of the PVT-
BLA pathway produced the opposite effects on reward and fear
learning. Furthermore, in vivo electrophysiological recording
revealed that the PVT-BLA NT inactivation diminished signal-to-
noise ratio and disrupted valence encoding properties in all
recorded BLA neurons, as well as in BLA projectors to the NAc and
the CeA.
Conclusions: In summary, we have revealed a critical mechan-

ism underlying neuropeptidergic modulation of valence assign-
ment, which would potentially facilitate the development of novel
therapies for related psychiatric disorders.
Keywords: Amygdala, Neuropeptides, Neurotensin, Valence,

Associative Learning
Disclosure: Nothing to disclose.

T119. Neuronal Ensembles Underlying Monogamous Behavior
in Nucleus Accumbens

Abstract not included.

T120. Microglial P2RY12 Mediates Chronic Stress-Induced
Synapse Loss in the Prefrontal Cortex and Associated
Behavioral Consequences

Justin Bollinger, Samuel Woodburn, Eric Wohleb*

University of Cincinnati College of Medicine, Cincinnati, Ohio, United
States

Background: Chronic stress induces neuronal atrophy and
synaptic loss in the medial prefrontal cortex (PFC), and this leads
to behavioral and cognitive impairments. Recent studies in our lab
demonstrate that microglia contribute to stress-induced synapse
loss in the PFC, and microglia-mediated neuronal remodeling
occurs in an activity-dependent manner. However, the pathways
that drive microglial responses to altered neuronal activity in
chronic stress remain unclear. Other work indicates that microglia
respond to local release of purines, including ATP and ADP,
following changes in neuronal activity through local release of
purines (i.e., ATP, ADP). Indeed, purines released by neurons
‘attract’ microglia processes via the purinergic receptor P2RY12,
which is exclusively expressed by microglia in the brain. In this
way, P2RY12 signaling may drive functional changes in microglia,
and subsequent structural remodeling of PFC neurons following
chronic stress.
Methods: In the first set of studies male, wild-type or P2ry12

−/−mice were exposed to 14 days of chronic unpredictable stress
(CUS) or handled intermittently as controls. In follow-up studies,
wild-type male mice were exposed to CUS or handled intermit-
tently as controls, and received daily injection of vehicle or
clopidogrel (P2RY12 antagonist; 50 mg/kg). In both experimental
approaches mice were assessed in the forced swim test (FST) and
temporal object recognition (TOR) on subsequent days. Following

behavioral testing, adrenal and spleen weight were measured to
validate stress responsivity. In a separate cohort, frontal cortex
microglia were assessed by fluorescence-activated cell sorting
(FACS) and gene expression analyses. In another cohort of
transgenic Thy1-GFP(M) mice, confocal microscopy was used to
examine microglia morphology, dendritic spine density, and
neuron-microglia interactions in the PFC.
Results: Consistent with prior results, CUS increased immobility

in the FST and decreased discrimination in the TOR. These
behavioral and cognitive consequences were attenuated in P2ry12
−/− mice and wild-type mice treated with clopidogrel. Flow
cytometry and immunohistology confirmed that P2ry12−/− mice
have deficient P2RY12 expression on microglia. Interestingly,
clopidogrel treatment significantly reduced P2RY12 levels on
microglia as well. Further analyses showed that clopidogrel altered
other microglia markers (CX3CR1 and CSF1R) on frontal cortex
microglia, regardless of CUS exposure. Confocal imaging in Thy1-
GFP(M) mice showed that clopidogrel diminished the proportion
of microglia with GFP+ inclusions, and prevented dendritic spine
loss in the PFC following CUS, suggesting reduced microglial
phagocytosis of dendritic elements.
Conclusions: Our data indicate that stress-induced alterations

in neuron activity drive functional changes in microglia, and
promote microglia-mediated neuronal remodeling through
P2RY12 signaling. This work supports the idea that neuron-
microglia interactions are critical mediators of synaptic function,
and subsequent behavioral and cognitive consequences.
Keywords: Stress, Microglia, Prefrontal Cortex, Synapse,

Neuroimmune
Disclosure: Nothing to disclose.

T121. Visuospatial Training Can Improve the Linguistic
Abilities in Children With SLI

Sergey Kiselev*

Ural Federal University, Ekaterinburg, Russian Federation

Background: It is known that children with specific language
impairments (SLI) have deficit in grammar understanding. It was
proposed that this deficit in children with SLI is directly and
exclusively related to language processes [van der Lely, 1998].
However, it was shown that children with specific language
impairments have deficits not only in grammar understanding but
also in non-linguistic cognitive abilities [Ullman & Pierpont, 2005].
Particularly, we have shown that children with SLI have weakness
in visuospatial abilities. If our hypothesis is true, we can expect
that visuospatial training can have positive effect not only on
visuospatial abilities but also on linguistic abilities in children with
SLI. The goal of this study was to assess the impact of visuospatial
training on the language abilities in children with SLI.
Methods: The sample consisted of 26 children with SLI at 5-6

years of age (M = 5.36 years, SD = 0.96, 22 boys and 4 girls).
Children were included and randomly assigned to training
conditions according to a 2×2 cross-over design. We compared
the efficacy of two methods of training (visuospatial training for
children vs. conventional motor exercises) in a randomized
controlled pilot study. Children from experimental group partici-
pated in 36 weeks of visuospatial training. This programme trains
the child to do different visuospatial exercises both on motor and
cognitive level. This training is built on the conceptual framework
derived from the work of Luria’s theory of restoration of
neurocognitive functions [Luria, 1973].
We used the Luria’s child neuropsychological assessment

battery to assess language abilities in children before and after
the intervention period. Children were assessed with the task
“Comprehension of grammatical structures”. The first part of this
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task was designed to assess comprehension of reversible passive
sentences. The second part assessed comprehension of sentences
with prepositions that indicate the spatial relations between
objects. To assess the visuospatial abilities in children we used 4
subtests from NEPSY (Arrows, Block Construction, Design Copying
and Route Finding). Effects of visuospatial training were analyzed
by means of an ANOVA for repeated measurements.
Results: The ANOVA has revealed (p < 0.05) that both for

visuospatial abilities and grammar understanding subtests the
visuospatial training was superior to the conventional motor
exercises, with effect sizes in the medium-to-high range (0.65-0.89).
Conclusions: We have shown that visuospatial training can

improve both visuospatial and linguistic abilities in children with
SLI. The findings from this pilot study suggest that visuospatial
training has positive effect on grammar understanding in children
with SLI. Received results provided insight into cognitive and
language mechanisms in typically developing children and the
underlying nature of SLI, helping to elucidate the nature of
impaired mechanism in children with weakness in grammar
understanding. However, we need to do further investigations to
prove our hypothesis about the underlying nature of specific
language impairments.
Keywords: Language Delay, Visuospatial Ability, Neuroplasticity
Disclosure: Nothing to disclose.

T122. An Exploratory Proton Magnetic Resonance
Spectroscopy Study of Chronic Pain in Veterans

Chandni Sheth*, Andrew Prescot, Erin McGlade, Deborah
Yurgelun-Todd, Perry Renshaw

University of Utah School of Medicine, Salt Lake City, Utah, United
States

Background: Chronic pain (CP) affects more than 100 million
Americans with an estimated cost of managing CP ranging
between 560 and 635 billion dollars per year. Findings from CP
studies indicate that CP is not a simple sensory experience but
also involves cognitive/evaluative and affective components. In
particular, CP has been associated with cognitive deficits in
various domains of functioning including attention, working
memory, and executive function. The cingulate cortex is a key
region in pain perception and neuroimaging studies in humans
have shown that CP alters normal processing in the anterior
cingulate cortex (ACC), which could account for deficits in
cognitive function. Proton Magnetic Resonance Spectroscopy
(1H-MRS) is a non-invasive in vivo brain imaging technique that
has been used to measure concentrations of several neurometa-
bolites in the brain - specifically, N-Acetyl Aspartate (NAA),
Creatine + phosphocreatine, Glutamate, gamma-Aminobutryic
acid and Choline-containing compounds (phosphocholine and
glycerophosphocholine (gpc)). However, investigations of CP
using MRS have been limited thus far, and studies examining
cognitive performance and its relationship to brain metabolites
have not been reported. The goal of this study was to evaluate
differences in MRS metabolites between Veterans with CP and
those without CP. Based on previous findings, we hypothesized
that the CP group would exhibit changes in metabolites that are
involved in neuronal integrity (NAA), and brain phospholipid
metabolism (gpc). A secondary aim focused on investigating the
relationship between ACC neurochemistry and cognitive function
in Veterans with and without CP to determine whether these
associations differed by group.
Methods: In this cross-sectional study, Veterans with CP (N =

61, 72.7% male, average age=37.7) and no CP (N = 19, 94.4%
male, average age=33.4) completed clinical interviews, self-report
questionnaires detailing pain history, and cognitive tasks

assessing verbal fluency, attention, and learning. Specifically,
participants completed the California Verbal Learning Test, the
Ruff 2&7 Selective Attention Test, the F-A-S Verbal Fluency Test,
the Trail Making Test, and the Stroop test. Veterans also
underwent single-voxel proton (1H) magnetic resonance spectro-
scopy (MRS) at 3 Tesla in the ACC using a two-dimensional (2D) J-
resolved point spectroscopy sequence. Data were processed using
the ProFit spectral fitting tool. All metabolite data are expressed as
the ratio of individual metabolite concentrations to the ACC water
signal. Group differences in demographic and clinical measures as
well as metabolite ratios between CP and no CP groups were
evaluated using Student’s t-test or Mann-Whitney U test (if the
variable failed the Shapiro-Wilk’s test of normality). Spearman’s
correlation was run to test the relationship between metabolite
ratios and cognitive performance.
Results: Veterans with CP exhibited lower levels of gpc/H2O

(p = 0.04) and NAA/H2O (p = 0.05) in the ACC as compared to
Veterans with no CP. Furthermore, although there were no
significant between group differences in cognitive performance,
the relationship between these metabolites and cognitive
measures differed in the CP and no CP groups. In the no CP
group, there was a negative relationship between gpc/H2O and
Accuracy on the Ruff 2&7 Selective Attention Test (Spearman’s rho
= −0.54, p = 0.02); a positive relationship between gpc/H2O and
Trail Making Test Part B Completion Time (Spearman’s rho = 0.50,
p = 0.03); and a positive relationship between gpc/H2O and
Stroop Interference Completion Time (Spearman’s rho = 0.54, p =
0.02). In contrast, these relationships did not hold true for Veterans
with CP. With regard to NAA/H2O, Veterans with no CP exhibited a
negative relationship with the total score on the F-A-S test verbal
fluency (Spearman’s rho = −0.54, p = 0.02) as well as with the
total score from trials 1 to 5 in the CVLT (Spearman’s rho = −0.49,
p = 0.03). In contrast, these relationships did not hold true for
Veterans with CP.
Conclusions: This study supports three main findings. First, the

CP group exhibited lower levels of gpc in the ACC as compared to
the no CP group. Gpc is a catabolite of phospholipids, which are
the major structural components of cell membranes and thus
plays a crucial role in energy utilization and bioenergetics in the
brain. Decreased gpc may indicate decreased phospholipid
synthesis, or an alteration in membrane phospholipid metabolism.
Second, the CP group exhibited lower levels of NAA in the ACC as
compared to the no CP group. NAA is considered a marker of
neuronal integrity and mitochondrial function; hence, reduced
levels of NAA in the ACC of the CP group may suggest reduced
neuronal viability and mitochondrial dysfunction in the ACC for
individuals with in CP. Prior studies in patients with chronic low
back pain also showed reduction in NAA levels in the ACC. Finally,
we identified a significant association between neurometabolites
and cognitive performance in Veterans with no CP, which did not
hold true in CP. Overall, these findings suggest a potential role of
brain bioenergetics and mitochondrial function in CP, which may
also mediate cognitive changes in this disorder.
Keywords: Chronic Pain, 1H MRS, N-acetylaspartate, Cognition,

Choline
Disclosure: Nothing to disclose.

T123. Sex-Specific Disruptions in Social Behavior Following
Early-Life Adversity: Role of IL-6?

Erica Glasper*, Shakeera Walker

University of Maryland - College Park, College Park, Maryland, United
States

Background: Evidence suggests that increased production of
central cytokines play a role in the pathophysiology of psychiatric
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disorders such as major depressive disorder, schizophrenia, post-
traumatic stress disorder, and bipolar disorder. Early-life stressors,
like child abuse or sexual trauma, confers an increased risk for
adult physical and mental illness and is associated with a chronic
inflammatory state. Early-life experiences with caregivers can
significantly alter the developmental trajectory. While most of our
knowledge these relationships stem from mother-offspring
interactions, increasing evidence suggests father-offspring inter-
actions can prevent social, behavioral, and neurological impair-
ments. However, to what extent adverse father-offspring
interactions increase susceptibility to behavioral dysfunction and
inflammation is unknown. The California mouse (Peromyscus
californicus) is a genetically monogamous and biparental rodent
species uniquely suited to investigate neural and behavioral
consequences following a species-appropriate early-life adversity,
namely paternal deprivation (i.e., permanent removal of the father
on postnatal day 1).
Methods: To elucidate the relationships among early-life

adversity, pro-inflammatory cytokine production, and social
behavior, we examined IL-6 response in the brain following tests
for sociability, social novelty preference, and social anxiety in adult
male and female California mice reared under biparental or
paternally-deprived conditions (n = 5–12/mice). To quantify
sociability, mice were scored on measures of exploration in a
central habituated area, a side chamber containing an unfamiliar
same-sex conspecific (stranger 1) in an enclosure, or an empty
side chamber. In a secondary test, preference for social novelty
was quantified by presenting the test mouse with a choice
between the first, now-familiar, same-sex conspecific (stranger 1)
in one side chamber, and a second same-sex unfamiliar mouse
(stranger 2) in the other side chamber. In a tertiary test, social
anxiety was quantified by presenting the test mouse with a choice
between the familiar, same-sex conspecific (stranger 1) in one side
chamber and an empty side chamber. Outcome measures
included time spent in each chamber. Following behavioral
testing, mice were euthanized, brains were extracted followed
by microdissection. Pro-inflammatory cytokine concentrations
were determined using a Luminex™ 100 Multi-analyte System.
For all analyses, males and females were analyzed separately via 2-
way repeated ANOVA (chamber X rearing) or mixed-effects model
(REML), where noted, followed by Tukey’s multiple comparison
test, when appropriate. Mean differences were considered
statistically significant if p > 0.05. All experimental protocols were
approved by the Institutional Animal Care and Use Committee and
were conducted in accordance with the National Institutes of
Health Guide for the Care and Use of Laboratory Animals.
Results: Sociability. In males, a main effect of chamber (p <

0.00) was observed, where more time was spent exploring the
stranger and empty chambers, compared to the central habitu-
ated chamber. Rearing did not alter sociability behavior. However,
in females, main effects of chamber (p < 0.00) and rearing (p =
0.04) were observed. While biparentally-reared females spent
more time exploring the stranger and empty chambers, compared
to the central habituated chamber, paternally-deprived females
spent more time exploring the empty chamber, compared to the
central habituated chamber. Social novelty preference. Among
males, a main effect of chamber (p = 0.0043) was observed, where
more time was spent, overall, exploring stranger 2. However, in
females, a significant interaction between rearing and chamber
(i.e., familiar vs. stranger 2) was observed (p = 0.04), such that
biparentally-reared females spent significantly more time explor-
ing the stranger mouse chamber compared to the center
chamber; this effect was absent among paternally-deprived
females. Social anxiety. A main effect of chamber was observed
for both males (p < 0.00) and females (p < 0.00), with more time
spent exploring outside of the central habituated chamber. IL-6.
In males, IL-6 concentration did not differ as a result of an
interaction between brain region and rearing, rearing alone, or

brain region alone (p > 0.05, all comparisons; REML). However, in
females, a significant interaction between rearing and brain region
(p = 0.02) was observed. While IL-6 concentration was unchanged
across brain regions in biparentally-reared females, IL6 was higher
in the hypothalamus of paternally-deprived females, compared to
the frontal cortex and hippocampus.
Conclusions: In sum, we observed 1) paternal deprivation

reduces sociability in females, but not males, 2) paternally-
deprived females, but not males, lack a preference for social
novelty, 3) social anxiety is not driving the sex differences in social
behavior, and 4) increased IL-6 production in the hypothalamus of
the paternally-deprived female. Together, these findings suggest
that paternal deprivation results in sex-specific disruptions to
behavioral and neuroimmune responsiveness. To what extent
increased IL-6 production underlies sex-specific deficits in social
behavior following paternal deprivation should be further
investigated.
Keywords: Early Life Adversity, Early Parental Loss, Sex

Difference, Pro-inflammatory Cytokines, Social Behavior
Disclosure: Nothing to disclose.

T124. Novel PTPRD Phosphatase Inhibitors and Positive
Allosteric Modulators for Addictions, RLS, Alzheimer’s Disease
Neurofibrillary Pathology

George Uhl*, Ian Henderson, Maria Martinez, Che-Lin Hu, Wei
Wang, David Johnson, Tom Prisinzano

VA, UNM, Biomedical Research Institute of New Mexico, NIDA IRP
(guest worker), Albuquerque, New Mexico, United States

Background: PTPRD. the receptor type protein tyrosine phospha-
tase D, is linked to neurofibrillary pathology densities in
Alzheimer’s disease (AD) brains, vulnerability to develop restless
leg syndrome (RLS), vulnerability to develop a substance use
disorder, abilities to quit smoking/stop abuse of opiates and brain
levels of expression of PTPRD mRNA by human oligo- or polygenic
association signals. Mouse models with reduced PTPRD expression
provide support for AD, addiction and RLS phenotypes. Results
suggest that drugs that inhibit PTPRD activity could be useful for
addictions and that drugs that stimulate PTPRD activity could aid
RLS symptoms and slow progression of neurofibrillary pathology.
Methods: Recombinant phosphatases from PTPRD and related

phosphatases were purified from expressing E coli and the
enzymes’ abilities to dephosphorylate pNPP or phosphotyrosine
substrates were tested in spectrophotometric assays and related
to in silico modeling of the interactions. Compounds were
synthesized based on our lead inhibitor and positive allosteric
modulator structures, and tested using these assays and in in vivo
assessments.
Mice with constitutive changes in expression of PTPRD were

tested at young and older ages in standard mnemonic, locomotor,
reward and motor assays.
Western analyses of brains of mice with constitutively- or

pharmacologically-reduced PTPRD activity were tested for differ-
ences in tyrosine phosphorylation of putative phosphopeptide
substrates.
Results: PTPRD’s phosphatase in inhibited by our lead

compound, 7-BIA, and by > 12 analogs with near or submicro-
molar potencies. 7-BIA displays significant potencies at PTPRS,
PTPRS and PTPRJ. Analogs that model with interactions with each
of two phosphatase binding pockets near the active site display
modestly reduced relative potencies at PTPRS and PTPRF with
more reductions in potencies at PTPRJ. PTPRD’s phosphatase
activity is stimulated by other lead compounds in ways that fit
with reported dietary influences on progression to Alzheimer’s
disease and display greater relative efficacy and specificity at

ACNP 59th Annual Meeting: Poster Session II

236

Neuropsychopharmacology (2020) 45:170 – 277



PTPRD than at PTPRS or PTPRF. Mice with genetically or
pharmacologically decreased PTPRD activity display increases in
predicted phosphopeptides that serve as PTPRD substrates in vivo
and hyperphosphorylators of tau, a principal component of
neurofibrillary tangles. Aged mice with reduced PTPRD expression
display behavioral differences consistent with PTPRD roles in
neurodegenerations.
Conclusions: PTPRD’s role as a target for AD, RLS and addiction

pharmacotherapeutics is supported by these in vitro and in vivo
observations. PTPRD phosphatase inhibitors and PTPRD phospha-
tase positive allosteric modulators can both be tolerated in vivo,
and serve as lead molecules and therapeutics for these prevalent
disorders.
Keywords: Alzheimers Disease, Addiction, Drug Discovery/

Development, Molecular Genetics, Cell Adhesion Molecules
Disclosure: Nothing to disclose.

T125. TRV045, a Novel, Selective S1P1 Receptor Modulator, is
Efficacious in Reversing Neuropathic Pain Without Affecting
Lymphocyte Trafficking

Michael Kramer*, Stephania Risso, Mike Fossler, Mark
Demitrack

Trevena, Inc., Chesterbrook, Pennsylvania, United States

Background: Painful peripheral neuropathies are common and
often disabling conditions in clinical practice. Chemotherapy-
induced peripheral neuropathy (CIPN) is a specific neuropathic
pain condition that results from the use of a variety of
chemotherapy agents and occurs in 30–40% of cancer patients.
Similarly, a complication of diabetes mellitus is diabetic peripheral
neuropathy (DPN), a condition affecting approximately one-third
to one-half of patients with diabetes. Neither prophylactic nor
symptomatic treatments have proven useful for treating CIPN, and
currently available treatments for the burning, numbness and
tingling associate with DPN are ineffective in a substantial
proportion of patients.
Recent publications have suggested a beneficial role for non-

selective sphingosine 1-phosphate receptor subtype 1 (S1P1R)
modulators in treating neuropathic pain. However, current S1PR
modulators are not selective for S1P1R and affect lymphocyte
trafficking, limiting their utility for the treatment of neuropathic
pain. Here we report the analgesic properties of a new chemical
entity, TRV045, in rodent models of neuropathic pain. We also
report evidence that TRV045 potently and selectively activates
S1P1R, while having no effect on lymphocyte trafficking in rodents
and non-human primates.
Methods: Hyperalgesia was induced in male C57BL/6 mice by

injecting paclitaxel (6 mg/kg, i.p.) on Days 1, 3, 5, and 7. A baseline
hyperalgesia score was recorded prior to paclitaxel dosing using the
von Frey frequency testing method using a 0.4 g filament as the
testing stimulus. TRV045 was administered subcutaneously at 0.1, 0.3
and 1 mg/kg (n = 6-7/group) on Day 14 or Day 19, with mechanical
hypersensitivity measured prior to dosing and 30 min post-dose.
TRV045 was also tested for analgesic activity in the

streptozotocin (STZ)-induced neuropathic pain model in male
SD rats. S TZ (50 mg/kg) was injected intraperitoneally on Day 1
and hyperglycermia was confirmed on Day 3 by the presence of
blood glucose >350 mg/dL. Reduced mechanical and thermal
pain thresholds were confirmed on Day 13, reflecting the
development of neuropathic pain. TRV045 was administered
orally at 10, 30 and 60 mg/kg on Day 14 (n = 8/group) and
mechanical allodynia and thermal hyperalgesia were tested at
30 and 60 min post-dose, respectively. Mechanical allodynia was
measured using the manual von Frey test and thermal

hyperalgesia was assessed by measuring hind limb withdrawal
latency in response to a thermal stimulus.
Lymphocytes counts were determined in male C57BL/6 mice

(n = 6–12/group) following 3 consecutive days of dosing with
vehicle, 3.7 mg/kg TRV045 s.c. (approximately 25-fold higher dose
compared to the calculated ED50 dose in the mouse CIPN assay)
or 0.03 mg/kg fingolimod p.o. Lymphocyte counts were also
determined in male cynomolgus monkeys (n = 3) following oral
dosing with vehicle or 60 mg/kg TRV045.
Results: TRV045 dose-dependently reversed mechanical hyper-

sensitivity induced by paclitaxel as measured by percent non-
response to a 0.4 g filament. Following paclitaxel exposure, vehicle
treatment led to a 27 ± 12% (mean ± SEM) non-response to the 0.4 g
filament. TRV045 dosed at 0.1, 0.3 and 1 mg/kg s.c. produced a 51 ±
12%, 54 ± 13% and 90 ± 4% non-response, respectively, with a
calculated ED50 dose of 0.15 mg/kg. The 1 mg/kg dose significantly
reduced hypersensitivity (p < 0.01; one-way ANOVA followed by
Tukey’s multiple comparison test) compared to vehicle treatment,
with efficacy comparable to a maximal efficacious dose of fingolimod
(0.03 mg/kg p.o.; 73 ± 7% non-response).
TRV045 reduced STZ-induced mechanical allodynia and thermal

hyperalgesia at rates similar to the positive control, 100 mg/kg p.o.
gabapentin. Following STZ exposure, the paw withdrawal thresh-
old was 1.7 ± 0.3 g in vehicle-treated animals and 13.8 ± 1.0 g in
gabapentin-dosed animals (p < 0.001 vs vehicle; one-way ANOVA
followed by Dunnett’s test). Paw withdrawal threshold in animals
dosed p.o. with TRV045 at 10, 30 and 60 mg/kg was 4.8 ± 1.2 g (p <
0.05), 9.7 ± 1.9 g (p < 0.001) and 10.9 ± 2.0 g (p < 0.001),
respectively. Paw withdrawal latency was 7.1 ± 0.5 sec in vehicle-
treated animals and 16.7 ± 1.3 sec in gabapentin-dosed animals
(p < 0.001 vs vehicle). Paw withdrawal latency in animals dosed p.o.
with TRV045 at 10, 30 and 60 mg/kg was 13.5 ± 0.9 sec (p < 0.001),
11.1 ± 1.0 sec (p < 0.001) and 13.9 ± 1.4 sec (p < 0.001),
respectively.
Three days of TRV045 dosing at 3.7 mg/kg s.c. had no effect on

absolute lymphocyte counts in mice. Six hours after the 3rd dose,
lymphocyte counts were 4.9 ± 1.1E3 per µL, 5.6 ± 0.7E3 per µL and
1.1 ± 0.2E3 per µL in vehicle-, TRV045- and fingolimod-treated
animals, respectively. Similarly, a 60 mg/kg p.o. dose of TRV045 had
no effect on absolute lymphocyte counts in monkeys. Lymphocyte
counts were 4.7 ± 0.4E9 per mL and 4.8 ± 0.7E9 per mL in vehicle-
and TRV045-treated animals at 1 hr post-dose, respectively, and 5.2 ±
0.5E9 per mL and 5.4 ± 0.5E9 per mL in vehicle- and TRV045-treated
animals at 24 hr post-dose, respectively.
Conclusions: TRV045 is a selective S1P1 receptor modulator

that is an effective analgesic in rodent models of neuropathic pain.
TRV045 differentiates from other non-selective S1P receptor
modulators in that it does not cause lymphopenia. Therefore,
TRV045 may provide a new therapeutic option for the treatment
of neuropathic pain.
Keywords: Neuropathic Pain, Sphingosine 1-Phosphate Recep-

tor, Chemotherapy-Induced Peripheral Neuropathy, Diabetic
Peripheral Neuropathy
Disclosure: Trevena, Inc.: Employee (Self)

T126. Visual Area-Specific Inhibitory Control of Circuit
Dynamics Modulated by an Elusive Inhibitory Basket Cell
Subtype

Fani Koukouli*, Martin Montmerle, Andrea Aguirre, Vikash
Choudhary, Marcel de Brito van Velze, Jérémy Peixoto, Camille
Allene, Pablo Mendéz, Nelson Rebola, Oliver Schlüter, Alberto
Bacci, Joana Lourenço

Sorbonne Université; ICM, Institut du Cerveau-Paris Brain Institute;
Inserm U1127; CNRS UMR 7225; 47 Boulevard de l’Hôpital; 75013
Paris, France, Paris, France
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Background: In the neocortex, sensory perception is achieved by
a two-way communication between primary and associative
cortices and is controlled by a rich diversity of GABAergic
interneurons. Inhibitory interneurons can be classified based on
their morphological, molecular and functional properties as well as
the specific synaptic pattern of connections they form with
excitatory principal neurons.
In particular, perisomatic-targeting basket cells (BCs) form

inhibitory synapses near the soma of the principal neurons
(PNs) and efficiently modulate the firing of their postsynaptic
targets. Perisomatic inhibition is provided by parvalbumin (PV)-
and cannabinoid receptor type 1 (CB1)-expressing interneurons.
PV BCs modulate the gain of contrast sensitivity and orienta-
tion tuning of visual responses in primary visual cortex (V1) and
they drive network oscillations associated with cognitive
function.
Despite the large body of evidence indicating the crucial role of

PV cells in orchestrating cortical networks during sensory
processing, the role of CB1 BCs is still unknown. However, this
elusive – yet prominent – GABAergic cell type underlies several
forms of cortical plasticity. Moreover, CB1 BCs are involved in the
control of many physiological processes and in the emergence of
several brain diseases, such as schizophrenia and autism. Previous
studies showed that activation of CB1 receptors ameliorates visual
perception in humans and rodents. However, the underlying
mechanism remains unknown. Here, we aimed to elucidate the
functional and synaptic properties of CB1 interneurons in visual
areas V1 and V2M.
Methods: In order to identify the circuit properties of CB1

interneurons, we combined mouse genetics, in vivo two-photon
calcium imaging in awake head-fixed mice, in vitro whole-cell
patch clamp recordings and pharmacology. We used a mouse line
in which td-Tomato is expressed by CB1-positive neurons (CB1-
tdTomato mice). Mice were habituated for in vivo two-photon
calcium imaging and we recorded the spontaneous activity of
both PNs and CB1 positive interneurons while the mice rest or run
on a treadmill. Neuronal activity was detected with the genetically
encoded calcium indicator GCaMP6f, with viral labeling in V1 and
V2M within layers 2/3 and recordings were achieved through a
chronic cranial window. Analysis of the morpho-functional
connectivity of CB1 BCs with layer 2/3 and 4 PNs was performed
using in vitro whole-cell paired recordings.
Results: We found that CB1 expression was much stronger in

V2M across L2-5 as compared to V1 and that L2/3 CB1 BCs from
V2M projected to deeper cortical layers. Thus, in V1, CB1 BCs
contact pyramidal neurons exclusively in layer 2/3, whereas in
V2M they project both locally and to deeper layers. Moreover,
layer 2/3 CB1-PN synapses of V2M were much weaker and more
unreliable compared to their counterparts in V1. This was due to
V2M-specific tonic CB1 signaling, which could be overridden by
increasing the firing of presynaptic CB1 BCs. Consistently, in
vivo, we found that spontaneous activity of PNs was lower in V1
than in V2M. Moreover, in V1, PN activity increased with
locomotion, but, surprisingly, PNs were not modulated by
locomotion in V2M. Systemic pharmacological blockade of CB1
receptors abolished the effects of locomotion on spontaneous
activity of PNs in V1, and unmasked a modulation by
locomotion of V2M PNs. Therefore, tonic CB1 signaling can
confer a dynamic modulation of GABA release, which is visual
area-specific. This will likely have significant effects in visual
perception.
Conclusions: The malfunction of neuronal networks leads

to devastating neurological and psychiatric diseases, including
some forms of epilepsy, schizophrenia and autism. In particular,
altered sensory perception is a prominent positive symptom
of schizophrenic subjects. It is therefore of fundamental
importance to understand the basic properties of specific

neuronal networks, and how they underlie cognitive relevant
responses.
Keywords: Visual Cortex, Cannabinoids, Inhibitory Interneurons,

Two-Photon Calcium Imaging
Disclosure: Nothing to disclose.

T127. The Role of BDNF in Modulating Perseverative,
Compulsive Behaviors

Jihye Kim*, Anfei Li, Cristina Lao-Peregrín, Heemin Lee, Ruirong
Yang, Deqiang Jing, Francis Lee

Weill Cornell Medicine, New York, New York, United States

Background: Perseverative, repetitive behaviors are found in
common neuropsychiatric and neurodevelopmental disorders,
such as obsessive-compulsive disorder (OCD) and autism spec-
trum disorder (ASD). Although circuit-level studies in both human
neuroimaging and rodent optogenetic studies have shown that
these repetitive behaviors result from an imbalance in the cortico-
striatal-thalamo-cortical (CSTC) feedback loop, less is known about
the underlying molecular mechanisms of how this imbalance
occurs. Recent genome-wide association studies have shown that
genetic variants of synaptic proteins involved in brain-derived
neurotrophic factor (BDNF) signaling are more commonly seen in
patients with OCD. In parallel, studies have shown that mice
missing key postsynaptic scaffolding proteins, such as Sapap3 and
Shank3, demonstrate increased repetitive grooming behaviors,
increased anxiety-like phenotypes, and reduced sociability. These
aberrant mice also show increased signaling of metabotropic
glutamate receptor 5 (mGluR5), and inhibition of mGluR5 activity
led to mitigation of these repetitive behaviors. Finally, mice
lacking Slitrk5, a postsynaptic receptor that sorts BDNF receptor
TrkB to the recycling pathway after BDNF binding, also exhibit
increased repetitive behaviors with reduced BDNF-dependent
TrkB signaling, specifically in the striatum. These studies suggest a
link between BDNF-TrkB and mGluR5 signaling pathways to
mediate synaptic plasticity. Our central hypothesis is that BDNF-
TrkB-mediated mGluR5 signaling within the CSTC circuit, specifi-
cally in the connection from the medial orbitofrontal cortex
(mPFC) to the nucleus accumbens (NAc), is involved in these
pathologically perseverative, repetitive behaviors.
Methods: We used two BDNF loss-of-function mouse lines: a

conditional BDNF knock-out mouse (BDNFfl/fl) and a haploinsuffi-
cient BDNF mouse (BDNF+/−). Male mice aged 2-4 months were
used in this preliminary study. First, we injected an AAV-Cre virus
into the mOFC of the BDNFfl/fl mouse for a targeted BDNF
deletion within the mOFC-NAc circuit and observed their
grooming behaviors (n = 12 GFP control, n = 15 AAV-Cre).
Second, we examined the mGluR5 expression in the OFC and NAc
of BDNF+/− mice using qPCR and western blot. We injected a
selective mGluR5 positive allosteric modulator intraperitoneally to
induce grooming behaviors and used fiber photometry to record
the neural activity in the NAc during grooming bouts in BDNF+/−
and wildtype mice (n = 12 WT, n = 10 BDNF+/−). We then
crossed the BDNF+/− mice with D1-Cre or D2-Cre mice and used
AAV-GCAMP6s-FLEX to record neural activity from each of the two
subpopulation of cells within the NAc during these mGluR5-PAM
induced grooming bouts (n = 12 WT / D1-Cre, n = 13 BDNF+/− /
D1-Cre, n = 12 WT / D2-Cre, n = 10 BDNF+/− / D2-Cre).
Results: We show that selective BDNF deletion within the

mOFC-NAc circuit using the BDNFfl/fl mice leads to an increased
amount of time spent grooming (p < 0.05, student t-test). In
BDNF+/− mice, we showed the mGluR5 is expressed at notably
higher levels only in the NAc, but not in the OFC (p < 0.05,
student t-test). Lastly, we show that with a single dose of
systemic mGluR5 PAM, BDNF+/− mice had similar number of
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grooming bouts but had significantly longer average grooming
bout length compared to WT mice (p < 0.01, student t-test). This
increase in mGluR5 PAM induced grooming behaviors is also
correlated with increase in total NAc neural activity in the BDNF
+/− mice with the initiation of the grooming bout, which is also
reflected in the neural activity recorded from D1 and D2
subpopulations of the NAc.
Conclusions: These preliminary findings suggest that with the

loss of BDNF within the mOFC-NAc circuit, there is a possible
compensatory increase in NAc mGluR5 expression. This increased
mGluR5 expression and activity may be the molecular mechanism
underlying these aberrant grooming behaviors. Our findings
provide a potentially novel pharmacological target that may
ameliorate these pathological perseverative behaviors commonly
seen in those with obsessive-compulsive spectrum disorders.
Keywords: BDNF, mGluR5 Receptors, Nucleus Accumbens,

Obsessive-Compulsive Spectrum Disorders (OCDS), Fiber
Photometry
Disclosure: Nothing to disclose.

T128. Altered Fronto-Limbic Functional Connectivity Predicts
Response to Exposure Response Prevention Therapy in OCD in
Pediatric OCD

Marilyn Cyr*, David Pagliaccio, Paula K. Yanes-Lukin, Pablo H.
Goldberg, Martine Fontaine, Moira Rynn, Rachel Marsh

New York State Psychiatric Institute, Columbia University, New York,
New York, United States

Background: The prevailing neurobiological model of OCD
proposes that altered functioning of cortico-striato-thalamo-
cortical (CSTC) brain circuits underlie obsessive-compulsive
symptoms. Evidence from recent research suggest additional
alterations outside the CSTC circuits, such as within fronto-limbic
circuits. In particular, altered functional connectivity between the
basolateral amygdala (BLA) and the ventromedial prefrontal
cortex (vmPFC) may be a promising marker of treatment outcome
in patients with OCD. Indeed, treatment studies from adults with
OCD suggest that BLA-vmPFC resting state functional connectivity
(rs-fc) predicts response to Cognitive Behavioral Therapy (CBT)
centered on Exposure and Response Prevention (Fullana et al.,
2017; Gottlich et al., 2015), the first-line treatment for OCD. No
study to date has specifically examined BLA-vmPFC connectivity
and whether it can predict treatment response in pediatric OCD.
Methods: Resting state functional magnetic resonance imaging

(rsfMRI) scans were acquired from 25 unmedicated, treatment-
naïve pediatric OCD patients (12.8 +/− 2.9 years) and 23 age- and
sex-matched healthy controls (HCs; 11.0 +/− 3.3 years). Twenty-
two of the OCD patients completed a 12 to 16-week course of CBT
with E/RP interventions for OCD (March & Mulle, 1998).
Participants from both groups were rescanned after the 12-16-
week period. OCD symptoms were assessed at baseline and end
of treatment using the Children’s Yale-Brown Obsessive Compul-
sive Scale (CY-BOCS). we used a seed-based approach to examine
BLA-vmPFC rs-fc. For each participant, pairwise correlation
coefficients of rsfMRI time-series data were computed between
BLA and vmPFC at each time point. Analyses of covariance
(ANCOVAs) examined group difference in baseline rs-fc. For
connections with significant baseline group differences, within-
group repeated measures ANCOVAs were conducted to examine
whether altered rs-fc in OCD significantly changed after CBT. In
patients with OCD, we also used cross-lagged panel modeling to
examine relationships between rs-fc and OCD symptoms pre- and
post-CBT, allowing us to identify and disentangle directional
effects between functional connectivity and OCD symptoms. We
hypothesized that BLA–vmPFC rs-fc would be altered in the

patients with OCD relative to HC, and change following CBT. We
also hypothesized that BLA–vmPFC rs-fc would predict response
to CBT and that the magnitude of change in connectivity would
associate with the magnitude of symptom change pre- to post-
CBT. Given the scarcity of prior rs-fMRI studies in pediatric OCD
and heterogeneity in the methods and samples used in previous
studies of adults with OCD, we did not formulate specific
hypotheses regarding the direction of effects (i.e., decreased or
increased rs-fc). Finally, we explored whether effects detected
were specific to the BLA–vmPFC pathway or whether it extended
to another fronto-amygdalar pathway (i.e. the centromedial
amygdala–vmPFC pathway). All analyses adjusted for age, sex,
and head motion in the scanner.
Results: Right BLA-vmPFC rs-fc at baseline was significantly

reduced (more negative) in patients with OCD relative to HCs
(F(1,43) = 5.822, p = 0.020). In patients with OCD, right
BLA–vmPFC rs-fc became significantly more positive following
CBT (F(1,16) = 6.872, p = 0.019).
More positive (less negative) right BLA-vmPFC rs-fc at baseline

predicted greater reduction in OCD symptoms post-CBT (r =
−0.330, p = 0.018). However, changes in BLA-vmPFC rs-fc was
unassociated with change in OCD symptoms pre- to post-
treatment (ps > 0.1). No baseline group differences were detected
in CMA–vmPFC rs-fc (all ps > 0.1). Baseline CMA-vmPFC rs-fc did
not significantly predict change in OCD symptoms severity from
pre- to post-CBT (ps > 0.1).
Conclusions: Using a hypothesis-driven approach, we found

altered BLA–vmPFC rs-fc in pediatric OCD that predicted response
to, and changed with, CBT. These findings suggest altered BLA-
vmPFC rs-fc that predicted response to CBT outcome, partially
replicating and extending prior findings from adults (Fullana et al.,
2017; Gottlich et al., 2015) for the first time in a pediatric sample of
patients with OCD. Both BLA and vmPFC are known to be involved
in fear processing, regulation and generalization, as well as in
extinction learning, a likely mechanism of action of Exposure and
Response Prevention. Thus, the present results provide further
evidence of the potential of BLA-vmPFC pathway as a promising
target for novel treatments or prevention strategies aimed at
facilitating adaptive learning and fear extension in children with
OCD or subclinical OC symptoms.
Keywords: Resting-State fMRI, Obsessive-Compulsive Disorder

(OCD), Pediatric, CBT, Exposure Therapy
Disclosure: Nothing to disclose.

T129. Examining the Acute Effect of Psilocybin in Treatment-
Resistant Obsessive Compulsive Disorder

Benjamin Kelmendi*, Thomas Adams, Giuliana Depalmer,
Stephen Kichuk, Jennifer Forte, Rachael Grazioplene, Christo-
pher Pittenger

Yale University School of Medicine, New Haven, Connecticut, United
States

Background: Obsessive-compulsive disorder (OCD) is profoundly
disabling. It is a complex neuropsychiatric condition characterized
by intrusive thoughts, images or urges (obsessions), and repetitive
behaviors (compulsions) that are performed to temporarily
mitigate the anxiety and discomfort associated with obsessions.
OCD is one of the few psychiatric disorders in which invasive brain
surgery is an accepted therapeutic option, which is a testament to
the profound suffering it can produce. Existing medications can
benefit many patients. However, they have a therapeutic lag time
of ~3-8 weeks, most treatment responders continue to experience
problematic residual symptoms, and upwards of 30% of patients
are refractory to available treatments. Novel, more effective, and
faster-acting interventions are urgently needed. Recent studies
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have reported acute, and sometimes enduring, clinical benefit
after a single administration of psilocybin in patients with OCD.
The persistence of clinical effects long after intoxication has worn
off implies lasting brain changes, but the mechanisms underlying
these lasting therapeutic effects remain poorly understood.
Methods: We are conducting the first double-blind, placebo

controlled study of psilocybin in OCD (NCT03356483). 6 out of a
planned 30 patients with treatment resistant OCD have been
randomized to either a single dose of psilocybin (0.25mg/kg) or
active placebo (niacin 250mg). Psilocybin is administered in a
controlled setting in an inpatient research unit in the presence of
two research staff members who provide support during drug
administration. Structured psychotherapy is not provided. The
primary clinical endpoint is at 48 hours, though we are collecting
follow-up data for 3 months. OCD symptoms are measured with
the acute Yale-Brown Obsessive-Compulsive Scale (acute-YBOCS).
Patients complete two resting-state fMRI scans, one 24 hours
before treatment and the second 48 hours after treatment. In
addition, we are collecting numerous questionnaires designed to
examine how the phenomenology of subjective experiences
during psilocybin intoxication relates to clinical changes.
Results: We will present the results of an interim analysis. OCD

patients who received psilocybin (N = 4) exhibited reductions in
acute-YBOCS scores from baseline (M = 25.5, ranging from 18 to
29) to 48-hours (M = 15, SD = 11.52,) after drug administration (1-
tailed within-subject t-test: t(3) = 2.71; p = 0.036). Among the OCD
patients who received placebo (niacin) (N = 2), acute-YBOCS
scores minimally changed from baseline (M = 25.5) to 48-hours (M
= 23.5) after drug administration. Paired t-tests could not be
completed for this group due to small sample size. The patients
(N = 2) who were randomized to placebo returned two weeks
later to receive open-label placebo; both had robust and enduring
clinical responses.
Conclusions: This study builds on previous work identifying

psilocybin as a potential treatment for patients with OCD, as well
as in mood and anxiety disorders. We report here encouraging
preliminary results from the first blinded, placebo-controlled study
of single-dose psilocybin in treatment-resistant OCD. At the time
of the poster presentation, we anticipate presenting data from
additional subjects.
Keywords: Obsessive-Compulsive Disorder (OCD), Psilocybin,

Psychedelics
Disclosure: Nothing to disclose.

T130. Persistent Avoidance is Gated by Insular-Orbital Inputs
to the Prelimbic Cortex

Freddyson Martinez-Rivera*, José Pérez-Torres, Coraly Veláz-
quez-Díaz, Marcos Sánchez-Navarro, Carlos Huertas-Pérez,
Maria Diehl, Suzanne Haber, Gregory Quirk

Icahn School of Medicine at Mount Sinai, New York, New York, United
States

Background: A common symptom of obsessive-compulsive
disorder (OCD) is the persistent avoidance of cues that have been
associated with a negative outcome. This maladaptation becomes
evident as the subjects fail to respond to standard treatments
such as exposure-with-response prevention (ERP) therapy. While
previous studies have highlighted the role of the insular-orbital
cortex in fine-tuning avoidance-based decisions, limited evidence
about its influence on other key prefrontal areas in gating
avoidance behavior is available.
Methods: To model persistent avoidance and ERP in rats, we

used the platform-mediated avoidance (PMA) task followed by
extinction-with-response prevention (Ext-RP) training. These
behavioral paradigms were combined with optogenetic and

single unit recordings to characterize the role of the anterior
insular and lateral orbitofrontal cortex (AI/LO) projections on
avoidance expression and extinction, respectively. During PMA,
rats were conditioned during 8 or 20 (overtrained) days to avoid a
tone-signaled shock by stepping onto a nearby platform at the
cost of receiving reward (sugar pellets) followed by optogenetic
manipulations at post conditioning test. Subsequently, all the rats
underwent 4 days of Ext-RP training, where the tone-shock
association was extinguished while access to the platform was
blocked with a barrier. This was followed by a post Ext-RP test (no
barrier), with optogenetic manipulations.
Results: Using anatomical tracing analyses, we first found that

AI/LO inputs predominantly target the rostral portion of the
prelimbic cortex (rPL). Thus, photo-silencing AI/LO terminals in rPL
induced persistent avoidance during post Ext-RP test, an effect
that was remarkably maintained seven days later in the absence of
laser. Consistent with this, photo-activation of the AI/LO-rPL
projection reduced persistent avoidance at test (post Ext-RP).
There was no effect of photo-silencing AI/LO projections to ventral
striatum or basolateral amygdala on avoidance, highlighting the
specificity of the AI/LO-rPL projection in gating maladaptive
avoidance behavior. Single unit recordings revealed that photo-
silencing the AI/LO terminals in rPL decreases the firing rate of this
region, suggesting that AI/LO drives activation in rPL to overcome
persistent avoidance.
Conclusions: Our findings suggest that the activation of inputs

from AI/LO to rPL can prevent persistent avoidance and facilitate
the transfer of extinction learning to avoidance behavior at a key
decision point. Also, AI/LO to rPL may be homologous to vlPFC
and dACC in humans, suggesting deficient activity in this pathway
in OCD and a new target for transcranial stimulation.
Keywords: OCD, Orbitofrontal Cortex (OFC), Insular Cortex,

Prelimbic Cortex, Persistent Avoidance
Disclosure: Nothing to disclose.

T131. ProcessGenesList: A Novel Approach to Link MicroRNA
Expression and Human Brain Imaging: Application to
Borderline Personality Disorder

Guillermo Poblete, Mi’Anjel Jack, Nitin Srinivasan, Vanessa
Heredia, Ramiro Salas*

Baylor College of Medicine, Houston, Texas, United States

Background: Individual microRNAs (miR) can affect the expres-
sion levels of hundreds of genes, both in the cell in which they are
synthesized, and in the case of circulating miR, in distant locations.
Thus, it is possible that miR associated with a specific disorder or
phenotype affect brain-expressed genes in specific regions. We
developed ProcessGenesList (PGL) to assess where in the brain are
groups of genes co-expressed the most. Since miR-124 shows
altered expression in borderline personality disorder (BPD) we
studied its modulated genes with PGL to find possible
brain regions associated with BPD and modulated by the effect
of miR-124.
Methods: Genes possibly modulated by miR-124 (previously

shown to be altered in BPD, Prados et al Genes Brain Behav 2015)
were recovered from online databases. PGL was run on those
genes to obtain a list of brain regions in which those genes are co-
expressed the most. The region(s) with highest PGL score were
then used in a Freesurfer volumetry study to compare patients
with (N = 111, adult, both sexes) and patients without (N = 111,
adult, both sexes) BPD from The Menninger Clinic in Houston, TX).
Results: A total of 1222 genes were found to be possibly

modulated by miR-124. PGL (using normalized gene expression
levels from the Allen Brain Atlas) found that the brain region with
highest co-expression of those genes was the left globus pallidus.
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We next compared the volume of the left globus pallidus
(normalized by total intracranial volume) between patients with
and without BPD. BPD patients had smaller left globus pallidus
than patient controls (normalized volume, CONTROL = 100 +/−
0.8; BPD = 97.3 +/− 0.9; P = 0.026).
Conclusions: Despite the fact that the difference in left globus

pallidus volume was small, it was statistically significant and may
be clinically relevant. We showed that by studying the averaged
gene expression in the brain of genes possibly associated with an
altered miR, we obtained a single hypothesis to be studied using
brain imaging (other regions with lower PGL score will be
exploratorily studied). By decreasing the brain imaging multiple
comparison problem, we were able to find a statistically significant
difference in brain morphometry between two populations of
patients.
Keywords: Borderline Personality Disorder, MicroRNA, Globus

Pallidus, FreeSurfer
Disclosure: Nothing to disclose.

T132. Cell-Type Specific Type 1 Cannabinoid Receptor
Distribution Across the Human and Non-Human Primate
Cortex

Shinnyi Chou*, Kenneth Fish, David Lewis, Robert Sweet

University of Pittsburgh Medical Center, Pittsburgh, Pennsylvania,
United States

Background: Alterations in type 1 cannabinoid (CB1) receptor are
implicated in psychiatric disorders such as schizophrenia. CB1
participates in both depolarization-induced suppression of inhibi-
tion (DSI) and depolarization-induced suppression of excitation
(DSE), suggesting its involvement in both inhibitory and excitatory
circuits. However, previous studies describing the distribution of
CB1 in human and non-human primate cortex utilized antibodies
that preferentially target CB1 at inhibitory boutons. Given CB1’s
role in both DSI and DSE, understanding cell-type specific CB1
distribution may increase our insight into its regulation of
excitatory-inhibitory balance. Here, we investigate CB1 distribution
in both inhibitory and excitatory boutons using quantitative
fluorescent microscopy.
Methods: Coronal sections containing dorsolateral prefrontal

cortex (DLPFC), superior temporal gyrus (STG), and hippocampus
from adult male macaques and humans are labeled with
antibodies for CB1 (validated to target both excitatory and
inhibitory boutons), VGLUT1 (labeling intracortical excitatory
boutons), and VGAT (labeling intracortical inhibitory boutons).
Samples are imaged to visualize protein expression patterns
within cortical regions and layers. Fluorescent intensities of CB1
label within boutons of each type are obtained for analysis.
Results: CB1 co-expression with both VGLUT1 and VGAT are

visualized in axons and boutons in all three brain regions in both
non-human primate and human samples. CB1 fluorescent
intensity is lower in excitatory boutons compared to inhibitory
boutons, and exhibits distinct patterns within each brain region
and cortical layer.
Conclusions: Previous studies describing the distribution of

CB1 in human and non-human primate cortex utilized antibodies
preferentially targeting CB1 at inhibitory boutons. Using a CB1
antibody that targets both excitatory and inhibitory boutons, we
demonstrate distinct cell-type specific regional and laminar
distributions of CB1 in the human and non-human primate cortex.
This may increase our understanding of how CB1 differentially
regulates excitatory-inhibitory balance within these areas. Expand-
ing upon these findings, we plan to evaluate cell-type specific CB1
alterations in schizophrenia as a potential contributor to the
functional disturbances seen in this disorder.

Keywords: Psychosis, Endocannabinoid System, Excitation-
Inhibition Balance
Disclosure: Nothing to disclose.

T133. Effects of Repetitive Transcranial Magnetic Stimulation
on Brain Structure in Schizophrenia: Data From a Double-
Blind, Randomized, Sham-Controlled Trial

Christin Schifani*, Daniel M. Blumberger, Colin Hawco, Erin
Dickie, Tarek Rajji, Benoit Mulsant, George Foussias, Wei Wang,
Zafiris Daskalakis, Aristotle Voineskos

Centre for Addiction and Mental Health, Toronto, Canada

Background: Repetitive transcranial magnetic stimulation (rTMS)
has been demonstrated to have efficacy for the treatment of
major depressive disorder. Furthermore, pilot studies showed that
rTMS to the dorsolateral prefrontal cortex (DLPFC) improves
working memory impairment in schizophrenia. Yet, the effect of
rTMS treatment on brain structure is poorly understood. The
DLPFC plays a critical role in working memory performance.
Therefore, measuring the effects of rTMS on the DLPFC, and its
connections, can provide important insight into the effects of
rTMS on brain structure, and advance our understanding of
potential mechanisms of efficacy. In this study, we aimed to assess
whether four weeks of rTMS treatment bilaterally to the DLPFC in
patients with schizophrenia changes grey matter structure in
DLPFC (i.e. DLPFC thickness) and white matter connections
important for working memory performance (fractional anisotropy
(FA) of the genu of the corpus callosum (gCC; connecting left and
right DLPFC) and of the left superior longitudinal fasciculus (SLF;
connecting DLPFC to parietal cortex)) using a double-blind,
randomized, sham-controlled study design.
Methods: This double-blinded, parallel, sham-controlled study

(NCT01880255) randomized 81 participants to active vs. sham
rTMS administered five days/week for four weeks (20 sessions). We
enrolled clinically stable (no change in antipsychotic medication
or dosage for at least four weeks prior to randomization) patients
(male and female, age 18-59) with a diagnosis of schizophrenia or
schizoaffective disorder. Active stimulation was delivered at 90%
resting motor threshold intensity using 25 stimulation trains of 30
stimuli each (750 pulses total) at 20 Hz, consistent with our pilot
study (Barr et al., 2013). Participants completed an MRI as well as
clinical and cognitive assessments directly before and after
receiving rTMS. Following quality control, high quality MRI data
was available from 59 participants who completed both pre- and
post-scans obtained on a 3T GE scanner at CAMH. T1-weighted
images were automatically processed with the longitudinal stream
in FreeSurfer (v.6.0), a within-subject template estimation for
unbiased, reliable, longitudinal analysis, to obtain vertex-wise
cortical thickness measures. Cortical regions of interest (ROIs) were
parcellated using the Human Connectome Project’s Multi-modal
Cortical Parcellation. The DLPFC ROI closest to the stimulation site
was identified for every participant using Euclidean distance and
corresponded to the atlas ROI p9-46v on the left and right
hemisphere. Diffusion-weighted imaging data (60 gradient direc-
tions with b=1000 and 5 b=0 scans) was preprocessed (denoising,
correction for motion, eddy currents and susceptibility-derived
distortions) before fitting the tensors. White matter microstructure
(i.e. FA) was measured from the diffusion tensor imaging (DTI)
skeleton generated using Tract-Based Spatial Statistics (TBSS). FA
was extracted from the gCC and left SLF white matter ROIs using
the JHU atlas. Statistical analyses were conducted in R. Linear
regressions were used for the pre-post analyses including
covariates of age, sex, the baseline outcome measure (i.e. DLPFC
thickness or FA at baseline) and days between MRI scans. With
four pre-specified imaging measures, an alpha=0.0125 was
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considered significant. Pre-specified associations between change
in brain structure and change in symptoms/cognitive measures
were also explored using Pearson’s correlation analysis.
Results: We observed a significant effect of treatment group on

change in right DLPFC thickness (ß = −0.04, Std. Error = 0.01, t =
−2.6, p = 0.01), whereby the active group experienced a larger
increase in thickness than the sham group. There was no effect of
treatment group on change in left DLPFC thickness (ß = −0.01,
Std. Error = 0.02, t = −0.66, p = 0.51). We did not observe any
effect of treatment group on change in FA in the pre-specified
ROIs (gCC: ß = −0.001, Std. Error = 0.003, t = −0.49, p = 0.63; left
SLF: ß = −0.002, Std.Error = 0.002, t = −0.95, p = 0.35). The
exploratory analysis did not show association of cortical thickness
change with changes in working memory performance, general
cognition, or negative symptoms. However, improvement in
depressive symptoms, measured with the Calgary Depression
Scale for Schizophrenia (CDSS), showed association with increase
in right DLPFC thickness in the active group (active groups: r =
−0.47, p = 0.008; sham group: r = −0.04, p = 0.8).
Conclusions: Our findings of an increase in right DLPFC

thickness together with a decrease in depressive symptoms are
novel and open an important new avenue of treatment given the
lack of efficacy of antidepressant medications in schizophrenia.
Keywords: Non-Invasive Brain Stimulation, Cortical Thickness,

Dorsolateral Prefrontal Cortex, Schizophrenia - Novel Treatment,
Non-Pharmacological Interventions
Disclosure: Nothing to disclose.

T134. Efficacy and Safety of BI 425809 Once Daily in Patients
With Schizophrenia: Top-Line Phase II Results

W. Wolfgang Fleischhacker, Jana Podhorna*, Martina Gröschl,
Sanjay Hake, Yihua Zhao, Songqiao Huang, Ronald Brenner,
David Walling, Kazuyuki Nakagome, Emillio Mantero-Atienza,
Stephane Pollentier

Boehringer Ingelheim International GmbH, Ingelheim / Rhein,
Germany

Background: BI 425809, a selective glycine transporter 1 (GlyT1)
inhibitor, may improve cognitive impairment in patients with
schizophrenia. Here we present the top-line results from a proof-
of-concept study assessing the efficacy and safety of BI 425809 vs
placebo.
Methods: This Phase II, double-blind, placebo-controlled,

parallel-group study recruited adults (18–50 years) with schizo-
phrenia. Eligible patients were randomised to an oral dose of BI
425809 (2, 5, 10 or 25 mg) or placebo (plus standard of care), in a
1:1:1:1:2 ratio once daily, for 12 weeks. The primary endpoint was
the Measurement and Treatment Research to Improve Cognition
in Schizophrenia (MATRICS) Consensus Cognitive Battery (MCCB)
overall composite T-score. The Schizophrenia Cognition Rating
Scale (SCoRS) total interviewer score was assessed as a secondary
endpoint. Further endpoints included the Positive and Negative
Syndrome Scale (PANSS) total score and PANSS negative score at
Week 12. Safety was also assessed. Primary analyses of MCCB and
SCoRS was performed using a multiple comparison procedure and
modelling approach combined with mixed-effects model
repeated measures (MMRM). PANSS total and PANSS negative
scores were evaluated using a MMRM for point estimates and the
corresponding 95% confidence intervals for pairwise treatment
comparisons.
Results: 509 patients from 81 centres across 11 countries

worldwide were randomised and 444/509 (87.2%) completed the
12-week treatment period. Analyses of the primary endpoint
showed statistically significant evidence for a non-flat dose
response relationship across the doses investigated in favour of

BI 425809 (one-sided p < 0.05). Secondary analyses of the primary
endpoint showed improvements in change from baseline to Week
12 at BI 425809 10 and 25 mg vs placebo (MCCB overall, nominal
p-values: 0.0122 and 0.0287). SCoRS, PANSS total and PANSS
negative scores showed no differences in favour of BI 425809 at
any dose. BI 425809 was well tolerated.
Conclusions: Proof-of-concept was established with improve-

ments in cognition observed at BI 425809 10 and 25 mg.
Acknowledgements: The authors would like to thank Jay Eui

Soh for his contributions to the statistical analyses of the data.
Funding: Boehringer Ingelheim International GmbH

(NCT02832037; 1346-0009)
Keywords: Schizophrenia, BI 425809, Cognitive Impairment
Disclosure: Boehringer Ingelheim: Employee (Self)

T135. Assessing the Utility of Electroencephalography as a
Clinical Biomarker in a BI 425809 Phase II Substudy in Patients
With Schizophrenia

Christian Schultheis*, Salome Rebecca Mack, Richard Vinisko,
Martina Groeschl, Geoffrey Viardot, Marsel Mano, Sigurd
Süssmuth, Holger Rosenbrock

Boehringer Ingelheim Pharma GmbH & Co. KG, Ingelheim, Germany

Background: Patients with schizophrenia exhibit a diminished
pre-attentive sensation response to deviating auditory stimuli and
a reduced auditory steady-state response (ASSR), detectable by
electroencephalography (EEG). As part of a Phase II trial
investigating the efficacy and safety of the novel glycine
transporter 1 (GlyT1) inhibitor BI 425809 in patients with
schizophrenia, this substudy evaluated various EEG parameters
as potential diagnostic, predictive or treatment response biomar-
kers. Objectives were to gain insight on EEG methodologies,
neurophysiological changes in schizophrenia, and the influence of
treatment on these measures.
Methods: The Phase II, double-blind, placebo-controlled,

parallel-group study (NCT02832037) recruited adult patients
(18–50 years of age) with schizophrenia. Eligible patients were
randomized to an oral dose of BI 425809 (2, 5, 10, or 25 mg) or
placebo (plus standard of care), in a 1:1:1:1:2 ratio once daily, for
12 weeks. EEG measurements were made at two different time
points, once in the 14-day period before the main study (baseline)
and again in the 7-day period before the end of the trial (Week
12). EEG assessments included resting-state EEG (qEEG) to assess
resting brain activity and any correlation with cognitive functions/
states; mismatch negativity (MMN) to assess pre-attentive sensa-
tion of deviating auditory stimuli; and ASSR. The outcome of EEG
assessments at baseline and their change from baseline were
compared with clinical assessments from the same trial visits,
including Measurement and Treatment Research to Improve
Cognition in Schizophrenia (MATRICS) Consensus Cognitive
Battery (MCCB), the Schizophrenia Cognition Rating Scale (SCoRS),
and the Positive and Negative Syndrome Scale (PANSS). These
analyses aimed to provide insight into the potential of EEG
parameters to serve as diagnostic, predictive, or treatment
response markers. Furthermore, the quality of EEG assessments
and data processing were evaluated for future optimization.
Results: Overall, 79 patients from 17 sites in the USA and EU

(Germany, Italy, Poland, UK) were randomized into the EEG
substudy (BI 425809 2 mg, n = 14; 5 mg, n = 10; 10 mg, n = 20; 25
mg, n = 15; placebo, n = 20). Twenty-two patients were not
evaluated due to missing follow-up or low-quality data. Thus, 57
patients completed the substudy and their samples were
evaluated regarding their utility as a biomarker for diagnostic,
predictive, and treatment responses. Compared with the full
analysis set of the parent study, there were more males (77% vs
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65%), European (51% vs 30%), and African American (33% vs 24%)
patients, and more patients who were current smokers (56% vs
42%) in the EEG substudy. Mean baseline MCCB, SCoRS and PANSS
data were similar (MCCB overall composite score, 30.3 vs 31.5;
SCoRS total score, 36.9 vs 36.4; PANSS total score, 60.1 vs 60.8)
between substudy and parent study, respectively. High variability
of the EEG parameters was observed. Correlation of the EEG
parameters (qEEG, MMN, and ASSR) at baseline with the clinical
scores (MCCB composite, SCoRS, and PANSS total scores) will be
presented.
Conclusions: In this multicenter substudy in patients with

schizophrenia, the association of EEG parameters with clinical
scores at baseline supports the use of EEG as a diagnostic marker;
however, due to the high variability observed in the EEG data, the
clinical relevance of its use is limited. The baseline EEG variability
may, at least in part, be due to the involvement of multiple sites
with different levels of EEG expertise. Restricting EEG assessment
to fewer, high-quality sites, with a minimum number of patients,
could reduce inter-site variability providing more robust data to
inform on the value of EEG in supporting clinical drug develop-
ment. Additionally, correlation of EEG assessments from end of
treatment visit with clinical scores may yield information on the
potential of EEG as a predictive or treatment response biomarker.
Funding: Boehringer Ingelheim International GmbH

(NCT02832037)
Keywords: Electroencephalography, Schizophrenia, BI 425809,

Glycine transporter 1 inhibitor
Disclosure: Boehringer Ingelheim: Employee (Self)

T136. ADVANCE: Phase 2, Randomized, Double-Blind, Placebo-
Controlled Study of Adjunctive Pimavanserin in Patients With
Negative Symptoms of Schizophrenia

Dragana Bugarski-Kirola*, Celso Arango, Henry Nasrallah, I-
Yuan Liu, Brandon Abbs, Srdjan Stankovic

ACADIA Pharmaceuticals Inc, Princeton, New Jersey, United States

Background: Approximately 50% of patients with schizophrenia
experience negative symptoms, which are associated with
reduced quality of life, poor social functioning, and long-term
disability. Pimavanserin is a selective, 5-hydroxytryptamine (5-HT)
2A inverse agonist/antagonist with lower activity at 5-HT2C
receptors, and no affinity for adrenergic, dopaminergic, histami-
nergic or muscarinic receptors. Previous studies have shown
beneficial effects of adjunctive pimavanserin in patients with
schizophrenia including significant improvement of negative
symptoms. ADVANCE evaluated the effects of adjunctive pima-
vanserin on negative symptoms of schizophrenia.
Methods: This was a phase 2, 26-week, randomised, double-

blind, placebo-controlled study of stable outpatients with
predominant negative symptoms from Europe and North America.
Eligible patients had Positive and Negative Syndrome Scale
(PANSS) Marder negative factor score ≥20 at screening and
baseline, and ≥4 on at least 3, or ≥5 on at least 2 of these negative
symptom items. A Marder positive factor score ≤22, no score ≥5
and a score of 4 on no more than 2 of P1, P3 or P6 items was also
required. Patients were randomised to pimavanserin or placebo
added to main antipsychotic therapy. The initial dose was 20 mg
once daily, with dose adjustments allowed to 34 mg or 10 mg
until Week (W) 8. The primary endpoint was change from baseline
to W26 on the Negative Symptom Assessment-16 (NSA-16) total
score. The key secondary endpoint was change from baseline to
W26 on the Personal and Social Performance scale. Safety and
tolerability were also assessed. The change from baseline in NSA-
16 total score was analysed using mixed model repeated

measures, and treatment difference (least squares [LS] mean) at
W26 was tested at an alpha level of 0.05 (2-sided).
Results: Of 403 patients randomised (400 patients included in

efficacy analysis [201 placebo; 199 pimavanserin]), 87.8% were
from European sites. The final pimavanserin dose was 34 mg in
53.8%, 20 mg in 44.7% and 10 mg in 1.5% of patients. Significant
improvement vs placebo was observed for the NSA-16 total score
at 26 weeks with pimavanserin (LS mean: −10.4 vs −8.5, p =
0.043, effect size: 0.21). Improvement vs placebo was greater in
patients (n = 107) whose last dose level of pimavanserin was 34
mg (LS mean: −11.6 vs −8.5, unadjusted p = 0.0065, effect size:
0.34). No significant difference was observed for the key
secondary endpoint. The incidence of any adverse event (AE)
was 35.1% with placebo and 39.8% with pimavanserin. The most
common AEs were headache (5.0% and 6.5%) and somnolence
(5.0% and 5.5%) with placebo and pimavanserin, respectively.
Serious AEs occurred in 0.5% (placebo) and 2.0% of patients
(pimavanserin), and AEs leading to discontinuation occurred in
3.0% (placebo) and 5.0% (pimavanserin). No clinically relevant
effects were observed with pimavanserin for vital signs, weight,
metabolic parameters or extrapyramidal symptoms.
Conclusions: Negative symptoms improved significantly with

pimavanserin vs placebo in stable patients with predominant
negative symptoms of schizophrenia. Greater improvement was
observed at a 34-mg dose. The tolerability profile of pimavanserin
was comparable to placebo with similar incidence rates of adverse
events.
Keywords: Schizophrenia, Negative Symptoms, Pimavanserin,

Randomized Clinical Trial
Disclosure: ACADIA Pharmaceuticals Inc: Employee (Self)

T137. Efficacy of Add-On Sulforaphane for Improving
Cognition and Symptoms in Frist-Episode Schizophrenia: A
Randomized Double-Blind Study

Hua Jin, Robert Smith*, Renrong Wu, Jed Fahey, Jen Arriaza,
Brian Cornblatt, Jingping Zhao, John M Davis

New York University School of Medicine and NKI, Hewlett, New York,
United States

Background: Cognitive symptoms are common and associated
with significant dysfunction in schizophrenia. Oxidative stress,
inflammation and epigenetic modifications involving HDAC and
methylating enzymes have been implicated in some of the risk
factors or underlying pathophysiology of schizophrenia. Sulfor-
aphane has chemical properties both as an antioxidant and
an HDAC inhibitor. One published study suggests it have
beneficial effects in autism. Studies in PCP animal models
suggest it may be effective on improving some of the cognitive
deficits and underlying pathophysiological abnormalities in
schizophrenia. However, no large sample trials have been done
to examine the efficacy of sulforaphane in treating cognitive
and psychotic symptoms in schizophrenia. The objective of the
current study was to determine the efficacy and safety of
sulforaphane as an add-on treatment for patients with first
episode schizophrenia and particularly its effects on cognitive
symptoms.
Methods: This double-blind randomized trial was conducted

from November 2016 to June 2019 in 4 psychiatric institutions
in China. Patients, male and female, with first-episode schizo-
phrenia with minimum PANSS >75 were enrolled and followed
for 22 weeks. (ClinicalTrials.gov: NCT02880462). The patients
were randomized to 3 groups (low and high doses of
sulforaphane vs placebo) and symptomatic and cognitive
assessments were done at multiple time points. The Avmacol®
tables contained glucoraphanin and active myrosinase which
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converted to sulforaphane with the estimated delivery of
approximately 48 and 72 umol of sulforaphane daily in the
low and high dose group. The primary outcome was change in
the MATRICS Composite score and secondary outcome changes
in MATRICS Domain scores. Additional secondary outcomes
were change PANNS Total score PANSS 5-factor scores, and
change in side-effect scales scores. The main statistical analysis
was intent to treat mixed model analysis
Results: A total of 172 patients with first-episode of

schizophrenia were enrolled and randomized into 3 study
groups and 151 patients had at least 1 follow up evaluation. In
the mixed -model intention-to-treat analysis, sulforaphane
significantly improved performance scores on several Domains
of the MATRICS battery, spatial working memory (P = 0.004),
reasoning-problem solving (P = 0.063), and verbal learning (P =
0.031) (Overall effect sizes d = 0.26–0.35) It did not improve
global cognitive function as measured by the MATRICS overall
composite score. There were no effects on PANSS symptom
scores. Sulforaphane was well tolerated and side effects were
very low and infrequent. In a sub-sample of subjects in whom
GSH and GSSG were measured at baseline and after 4 weeks of
study drug; the ratio of GSH/GSSG increased significantly more
in the sulforaphane than placebo patients (P = 0.027), an
indicator or less oxidative stress in the sulforaphane treated
subjects.
Conclusions: If these positive effects of sulforaphane on

selected aspects of cognitive function in schizophrenia can be
replicated, it may be useful as an add-on treatment for reducing
cognitive deficits in schizophrenia.
Keywords: Sulforapahne, Schizophrenia Novel Treatment,

MATRICS Consensus Cognition Battery (MCCB), Visuospatial Work-
ing Memory, Verbal Learning
Disclosure: Nothing to disclose.

T138. Increased Repulsion of Visual Working Memory
Representations in Schizophrenia

Abstract not included.

T139. Domestic Mass Shooters and Terrorists: Prevalence of
Untreated Psychiatric Illness

Ira Glick*, Nina Cerfolio, Michael Laurence, Danielle Kamis

Stanford University School of Medicine, Stanford, California, United
States

Background: A critical question that has evaded scientific study is
whether the behavior of domestic mass shooters is associated
with underlying medical or psychiatric illness. In contrast to past
anecdotal reconstructions from the media, we conducted the first
systematic, scientific study of mass killers to determine the
diagnosis, possible treatment, and prevalence of psychiatric
illness.
Methods: Our subjects were selected from a database of 115

mass shootings – defined by four or more deaths—in
the United States between 1982 and 2019 to study retro-
spectively 55 shooters. We developed a questionnaire, focused
on pre-shooting life history, symptoms, presence or absence
of psychiatric illness and any history of treatment. A
research psychiatrist interviewed the forensic psychiatrist and
reviewed the judicial records. We were able to get data on
thirty-five cases in which the assailant survived the crime as well
as twenty cases in which the assailant died at the time of the
crime.
Results: Of thirty-five cases in which the assailant survivor,

there was insufficient information to make a diagnosis in three

cases. In the remaining 32 cases, 18 (56%) had schizophrenia, 1
bipolar disorder, 1 delusional disorder, and 3 with severe
personality disorder, 1 of which also had substance use disorder.
9 had no psychiatric disorder.
Of the 20 cases where the assailant was killed, in 5 cases there

was insufficient information, from the remaining 15, 8 (53%) had
schizophrenia, 1 paranoid personality disorder, and 6 had no
disorder that we could discern.
None of those with psychiatric illness were medicated.
Conclusions: Although we found a correlation between

domestic mass shooters and undiagnosed and untreated schizo-
phrenia, further research is necessary to determine the role of
psychiatric illness in criminal conduct and whether psychiatric
treatment might help in preventing these tragedies
Keywords: Schizophrenia (SCZ), Psychotropic Medications,

Violence
Disclosure: Nothing to disclose.

T140. Genome-Wide Association Study of Suicidal Behaviors
Among US Veterans With Schizophrenia or Bipolar Disorder

Tim Bigdeli*, Ayman Fanous, Nallakkandi Rajeevan, Joseph
Goulet, Yuli Li, Fred Sayward, Krishnan Radhakrishnan, Mihaela
Aslan, Philip Harvey

SUNY Downstate Medical Center, Brooklyn, New York, United States

Background: Severe mental illness (SMI) is a serious problem in
veterans, with increased risk for self-injurious behavior, suicidal
ideation and suicide attempt (SIB) and suicide completion.
Previous research has suggested genetic influences on SIB, both
among SMI patients and the general population. We examined
genomic correlates of SIB in 8,049 male and 1,290 female veterans
with schizophrenia or bipolar disorder.
Methods: Self-reported SIB, combined into a single latent trait,

were assessed with the Columbia Suicide Severity Rating Scale
(lifetime version). Following quality control procedures and
ancestry inferences, 4,012 European Americans (EAs) (3,223
attempters) and 2,651 African Americans (AAs) (1,955 attempters)
were identified. We performed a genome-wide association study
(GWAS) of SIB and used METAL to perform fixed-effects meta-
analysis with published Psychiatric Genomics Consortium (PGC)
findings. We applied GNOVA, a framework to estimate genetic
overlap with 2,626 traits from the UK Biobank (UKB).
Results: Among EA participants with a diagnosis of bipolar

disorder, we identified a novel genome-wide association upstream of
MIR572 at 4p16; intriguingly, fluoxetine increases expression of.
combining data from CSP #572 and PGC, we identified a second
novel genome-wide significant association with SNPs in CDH11 at
16q21, which encodes a class two cadherin molecule that plays a
critical role in cortical development; CDH11 been implicated in
substance-abuse behaviors, autism, and depression. Our meta-
analysis generated additional support for MIR548AJ2 at 4p15.2, a
locus that has yielded evidence of pleiotropic effects on cognitive
ability, years of education and schizophrenia. Estimated genetic
covariances between SIB and 3 UKB traits survived false discovery
rate correction: depression and tenseness in the past two weeks, and
miserableness. Polygenic scores constructed from PGC and UKB
results for suicide attempt were nominally associated with SIB.
Conclusions: Our novel GWAS meta-analyses yielded three

genome-wide significant findings for SIB, including novel associa-
tions with variants in MIR572 and CDH11. Polygenic scoring and
genetic correlations with UKB traits support a complex architec-
ture for SIB and the commonality of their genomic risk factors
across SMI and the general population.
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Keywords: Schizophrenia and Bipolar Disorders, Suicidal
Behavior, Suicidal Ideation, Non-Suicidal Self-Injurious Behavior,
Genome-Wide Association Studies
Disclosure: Nothing to disclose.

T141. Transcription and Translation Regulated by microRNA
in Human Brain and its Potential Contribution to Psychiatric
Disorders

Rujia Dai, Ramu Vadukapuram, Chunling Zhang, Yan Xia, Chao
Chen, Chunyu Liu*

SUNY Upstate Medical University, Syracuse, New York, United States

Background: Regulation of gene expression and translation is
critical for maintaining normal brain functions. Dysregulation is
associated with brain disorders. MicroRNAs (miRNAs) are a
group of small non-coding RNAs, which post-transcriptionally
regulate mRNAs abundance and repress their translation.
Though miRNA regulation on mRNA expression in the human
brain has been explored, how miRNA regulates targets at
translation level and how the translational regulation compares
with mRNA regulation, the contribution of these two regulations
to genetic risk of psychiatric disorders have not been well
studied yet.
Methods: We performed miRNA-seq (n = 289), mRNA-seq (n =

417), and ribo-seq (n = 211) of the dorsolateral prefrontal cortex
from controls and individuals with schizophrenia (SCZ) and bipolar
disorder (BD). Based on validated targets and predicted targets for
profiled miRNAs from published databases, we examined correla-
tions between miRNA expression and their corresponding target
genes’ expression at both transcription level by RNA-seq data and
translation level by Ribo-seq data. We also tested for the buffer
effect of miRNAs by the correlation test between miRNA
expression levels and expression variations of target genes.
Bipartite and coexpression networks methods identified miRNA-
gene interaction modules, followed by analyses of cell specificity
and disease associations. We also identified miRNAs perturbed in
SCZ and BD by differential expression analyses.
Results: 1) We found that 67% and 55% of miRNA-mRNA target

pairs have negative correlation at mRNA level and translation level
(p < 0.05). The averaged absolute values of miRNA-target
correlation coefficients are around 0.2 for both transcription and
translation. The significant miRNA-mRNA target pairs had poor
overlaps between transcription (n = 240,880) and translation (n =
228395) level (prop of overlaps = 11%). But 76% of the
overlapped pairs have a consistent direction of correlation and
are enriched for neuronal functions. 2) We found that the targets
of miRNA had a lower variation of expression across samples at
transcription level (p = 8.8e-15), especially for highly-expressed
targets, than the genes that are not miRNA targets, but the
difference is small (0.29 vs 0.32). We did not observe such
differences of target vs non-target variation at the translation
level. 3) We identified 50 and 51 miRNA coexpression modules at
transcription and translation levels, which are well preserved. We
annotated modules with neural marker genes and neuron-specific
miRNAs. 4) We identified five modules that enriched for risk
genetic signals including de novo mutation, copy number
variants, GWAS signals, and differentially expressed genes for
SCZ, BD, and autism.
Conclusions: Over half of miRNAs represses transcription and

translation in the human brain, but they may not target the same
genes. Such negative regulation is enriched in neurons. miRNAs
have a weak buffer effect on the expression of their target mRNA.
The buffer effect is less obvious at the translational level. miRNAs
maybe have dual functions in regulating cell type-specific genes.
The mechanism of positive correlation is not known. miRNA-

mRNA coexpression modules contain genetic risk factors of
psychiatric diseases.
Keywords: Transcriptome, Schizophrenia (SCZ), MicroRNA,

Dysregulation, Bipolar Disorder
Disclosure: Nothing to disclose.

T142. Molecular Pathways Underlying Schizophrenia

Jari Tiihonen*, Marja Koskuvi, Markku Lähteenvuo, Kalevi
Trontti, Ilkka Ojansuu, Olli Vaurio, Tyrone Cannon, Jouko
Lönnqvist, Sebastian Therman, Jaana Suvisaari, Lesley Cheng,
Antti Tanskanen, Heidi Taipale, Sarka Lehtonen, Jari Koistinaho

Karolinska Institutet, Stockholm, Sweden

Background: The molecular pathophysiological mechanisms
underlying schizophrenia have remained unknown, and no
treatment exists for primary prevention. Studies using stem cell-
derived neurons have investigated differentially expressed genes
(DEGs) and GO and KEGG pathways between patients and
controls, but not analyzed data-driven causal molecular pathways
involved [Brennand et al. Modelling schizophrenia using human
induced pluripotent stem cells. Nature 2011;473:221-225; Tiihonen
et al. Sex-specific transcriptional and proteomic signatures in
schizophrenia. Nat Commun 2019;10:3933].
Methods: We used Ingenuity Pathway Analysis (IPA) to analyze

canonical and causal pathways in two different datasets (total N of
subjects = 37), including patients from Finland [Tiihonen et al.
Sex-specific transcriptional and proteomic signatures in schizo-
phrenia. Nat Commun 2019;10:3933] and USA [Hoffman et al.
Transcriptional signatures of schizophrenia in hiPSC-derived NPCs
and neurons are concordant with post-mortem adult brains. Nat
Commun 2017;8:2225]. We also used Finnish nation-wide data-
bases (N = 61,889 for total cohort, N = 8,342 for incident cohort of
first-episode patients) to study the risk of schizophrenia relapse
during use of medication found to be a master regulator for a
causal IPA pathway. To eliminate selection bias, we used within-
individual analysis, also used in several previous studies. As
individuals act as their own control, time-invariant covariates are
automatically controlled for in the study design. The model was
adjusted for time-varying covariates, which included the use of
antipsychotics, mood stabilizers, benzodiazepines and antidepres-
sants, the temporal order of treatments, and time since the cohort
entry date.
Results: The most significant findings in canonical pathway

analysis were observed for glutamate receptor signaling, hepatic
fibrosis, and glycoprotein 6 (GP6) pathways in the Finnish dataset,
and GP6 and hepatic fibrosis pathways in the US dataset. In data-
driven causal pathways, ADCYAP1, ADAMTS, and CACNA genes
were involved in the majority of the top 10 pathways
differentiating patients and controls in both Finnish (all p-values
< 1.5 x 10-8) and US datasets (all p-values < 1.9 x 10-6), but no
dopamine-specific genes were consistently involved. Results from
Finnish nation-wide databases showed that the risk of schizo-
phrenia relapse was 41% (95% CI 14%–60%) lower among first-
episode patients during the use of losartan, the master regulator
of a ADCYAP1, ADAMTS, and CACNA –related pathway, compared
to those time periods when the same individual did not use the
drug. The results for thiazide diuretics, used for the same somatic
indication (hypertonia), indicated that the findings were not
attributable to general adherence to drug treatments. Antipsy-
chotic use was associated with only slightly lower (46% vs. 41%)
risk of relapse than losartan use, and no beneficial outcome was
observed for benzodiazepine use.
Conclusions: The results from two independent datasets

suggest that the GP6 signaling pathway, and the ADCYAP1,
ADAMTS, and CACNA -related pathways are primary
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pathophysiological alterations in schizophrenia among patients
with European ancestry. While no reproducible dopaminergic
alterations were observed, the results imply that agents such as
losartan, and ADCYAP1/PACAP -deficit alleviators, such as
metabotropic glutamate 2/3 agonist MGS0028 and 5-HT7
antagonists – which have shown beneficial effects in an
experimental Adcyap1−/− mouse model for schizophrenia [Ago
et al. The selective metabotropic glutamate 2/3 receptor agonist
MGS0028 reverses psychomotor abnormalities and recognition
memory deficits in mice lacking the pituitary adenylate cyclase-
activating polypeptide. Behav Pharmacol 2013;2474-77; Tajiri et al.
Serotonin 5-HT(7) receptor blockade reverses behavioral abnorm-
alities in PACAP-deficient mice and receptor activation promotes
neurite extension in primary embryonic hippocampal neurons:
therapeutic implications for psychiatric disorders. J Mol Neurosci
2012;48:473-481] – could be potential treatments before the full
manifestation of illness involving dopaminergic abnormalities.
Keywords: Stem Cells, Pathways, RNA Sequencing, Schizophre-

nia- Novel Treatment
Disclosure: Eli Lilly, Janssen-Cilag, Lundbeck, Otsuka, Evidera,

Sunovion: Honoraria (Self); Eli Lilly, Janssen-Cilag: Grant (Self)

T143. Meta-Analytic Evidence for Reduced Prefrontal
Glutamate in Schizophrenia and the Impact of Measurement
Quality Metrics

Jason Smucny*, Cameron Carter, Richard Maddock

University of California, Davis, Sacramento, California, United States

Background: Alterations in prefrontal glutamatergic signaling are
hypothesized to be a key feature of schizophrenia (SZ). Findings
from previous meta-analyses of magnetic resonance spectroscopy
(MRS) studies, however, have been inconsistent in regard to
differences in PFC glutamate in the illness. Since the most recent
comprehensive meta-analysis was conducted in 2015, technical
methods for MRS studies of glutamate have improved, potentially
increasing the power of the technique to detect reliable group
differences. Here we conducted an updated meta-analysis of
prefrontal MRS studies of glutamate in SZ.
Methods: We conducted an inverse variance weighted, random

effects meta-analysis of MRS studies published through March 25,
2020 that measured glutamate in the medial prefrontal cortex
(mPFC) or dorsolateral prefrontal cortex (DLPFC) and included
both a healthy control (HC) group and group with diagnosed SZ
spectrum disorders. Studies were excluded for being an interven-
tion study with no baseline, having MRS scanning performed
during a task, participant overlap, not using an internal reference
(water or creatine), or not acquiring single-voxel, 1-D spectral data.
One additional study was excluded for having an extreme sex
ratio imbalance between groups. Metrics sensitive to the quality of
the glutamate measurements were used to partition the studies.
These included the mean Cramer-Rao lower bound (CRLB) values
and mean coefficient of variation (COV) of the reported glutamate
values in the patient and control groups.
Results: We identified 36 pairs of HC-SZ independent samples

that measured mPFC glutamate and 8 that measured DLPFC
glutamate. Significantly reduced mPFC glutamate was observed in
the SZ group (Hedges’ g = −0.19, 95% CI = −0.32 to −0.07, p =
0.003). Qualitatively, study effect sizes increased as CRLB and COV
values decreased. For example, when restricting the meta-analysis
to the 14 studies with the lowest mean COV values, Hedges’ g was
−0.39 (95% CI = −0.52 to −0.25, p < 0.0001). A similar pattern was
observed for the DLPFC. In addition, recent onset SZ tended to
show a greater reduction in mPFC glutamate compared to chronic
SZ, and this effect size increased as quality metrics improved.

Conclusions: These results demonstrate a modest but reliable
reduction in mPFC glutamate in SZ and suggest a similar
reduction in DLPFC glutamate, with effect sizes scaling directly
with metrics sensitive to the quality of glutamate measurements.
Theoretical and methodological implications of these findings are
discussed.
Keywords: Magnetic Resonance Spectroscopy, Schizophrenia,

Meta-Analysis
Disclosure: Nothing to disclose.

T144. Neurite Orientation Dispersion and Density Imaging
(NODDI) and Duration of Untreated Psychosis in Antipsychotic
Medication-Naïve First Episode Psychosis Patients

Nina Kraguljac*, William Monroe, Thomas Anthony, Adrienne
Lahti

University of Alabama at Birmingham, Birmingham, Alabama,
United States

Background: Diffusion tensor imaging suggests that white matter
alterations are already evident in first episode psychosis patients
(FEP) and may become more prominent as the duration of
untreated psychosis (DUP) increases. But because the tensor
model lacks specificity, it remains unclear how to interpret
findings on a biological level. Here, we used a biophysical
diffusion model, Neurite Orientation Dispersion and Density
Imaging (NODDI), to map microarchitecture in FEP, and to
investigate associations between DUP and microarchitectural
integrity.
Methods: We scanned 78 antipsychotic medication-naïve FEP

and 64 healthy controls using a connectome-style multi-shell
diffusion weighted sequence and used the NODDI toolbox to
compute neurite density (ND), orientation dispersion index (ODI)
and extracellular free water (FW) maps. AFNI’s 3dttest++ was
used to compare diffusion maps between groups and to perform
regression analyses with DUP.
Results: We found that ND was decreased in commissural and

association fibers but increased in projection fibers in FEP. ODI was
largely increased regardless of fiber type, and FW showed a mix of
increase in decrease across fiber tracts. We also demonstrated
associations between DUP and microarchitecture for all NODDI
indices.
Conclusions: We demonstrated that complex microarchitecture

abnormalities are already evident in antipsychotic-naïve FEP. ND
alterations are differentially expressed depending on fiber type,
while decreased fiber complexity appears to be a uniform marker
of white matter deficit in the illness. Importantly, we identified an
empirical link between longer DUP and greater white matter
pathology across NODDI indices, underscoring the critical
importance of early intervention in this devastating illness.
Keywords: First Episode Psychosis, Diffusion Weighted Imaging,

Duration of Untreated Psychosis
Disclosure: Neurocrine Biosciences, Inc.: Advisory Board (Self);

American Board of Psychiatry and Neurology: Consultant (Self)

T145. N-Acetylcysteine Increases Glutathione in Schizophrenia
Medial Prefrontal Cortex: A Preliminary Study

Yvonne Yang*, Richard Maddock, Junghee Lee, Gerhard
Hellemann, Stephen Marder, Michael Green

VA Greater Los Angeles Healthcare System, UCLA, Los Angeles,
California, United States

Background: Neuroinflammation and oxidative stress are impli-
cated in the etiology of schizophrenia in that excess
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neuroinflammation may lead to neuronal trauma via oxidative
stress. The antioxidant defense system (AODS) is designed to
counterbalance the negative effects of oxidative stress. In schizo-
phrenia, key components of the AODS are reduced, including levels
of glutathione. Previous magnetic resonance spectroscopy (MRS)
studies have shown decreased glutathione in the medial prefrontal
cortex in patients. This reduction may have the downstream effect
of reducing the efficiency of NMDA-type glutamate receptors on
inhibitory neurons in schizophrenia, contributing to excess gluta-
mate signaling in the dorsolateral prefrontal cortex.
N-acetylcysteine (NAC), an amino acid available as an oral

supplement, is able to affect both glutathione and glutamate. As a
precursor to glutathione, NAC is hypothesized to correct deficits in
glutathione by increasing its concentration at synapses. Addition-
ally, within the glutamate system, it is thought that NAC acts on
inhibitory neurons to restore inhibitory tone on glutamatergic
neurons in the prefrontal cortex. This raises the possibility that
NAC may be able to counteract aberrations in glutathione and
glutamate in prefrontal cortex in schizophrenia. Indeed, supple-
mentation via oral administration of N-acetylcysteine has been
linked to reduced cognitive impairment and negative symptoms.
To investigate this possibility, we conducted a randomized,

double-blind, placebo-controlled preliminary study to examine the
effects of N-acetylcysteine administration on levels of glutathione
and glutamate in medial and dorsolateral prefrontal cortex of
patients with chronic schizophrenia. We also performed measures
of cognition, symptoms, and level of functioning.
Methods: Patients with schizophrenia were randomized to

either N-acetylcysteine (NAC, N = 15) 2400 mg by mouth daily
(1200 mg twice daily) or placebo (N = 15) in an eight-week
treatment study (NCT02505477). All subjects met DSM-5 criteria
for schizophrenia or schizoaffective disorder. Exclusion criteria
included moderate or severe substance use disorder, antipsycho-
tic medication dosage change greater than 50%, or psychiatric
hospitalization, within the prior 3 months. Glutathione was
measured using a specially adapted MRS sequence based on
MEGA-PRESS, and glutamate was measured with PRESS. Voxels
were placed based on individual subjects’ anatomical landmarks
in the medial prefrontal cortex (MPFC) and dorsolateral prefrontal
cortex (DLPFC). Psychotic symptoms were measured with the 7-
item positive symptom sub-scale of the Positive and Negative
Symptom Scale (PANSS-P), negative symptoms with the Clinical
Assessment Interview for Negative Symptoms (CAINS), cognition
with the MATRICS Consensus Cognitive Battery (MCCB), and
functional outcomes with the Role Functioning Scale (RFS). Mixed
model linear regression was used to examine interactions
between treatment group and time for the above measures.
Results: The study sample was 80% male, had a mean age of

54.3 years (SD 8.9), and had a mean chlorpromazine equivalent
antipsychotic medication dosage of 652 mg (SD 404 mg). Mean
duration of illness was 32 years (SD 11.5). At baseline, mean of the
seven-item positive symptom sub-scale of the PANSS was 13.8 (SD
7.0); mean CAINS total score was 18.2 (SD 8.0).
We found a significant treatment effect for increased glu-

tathione levels in MPFC (F(1,30.2) = 4.86, p = 0.035) and a trend-
level treatment effect for reduced glutamate levels in DLPFC (F
(1,30) = 4.04, p = 0.054). However, it is possible that these two
effects could be explained by regression to the mean, although
such a potential confound was not observed in other measures.
No interaction or main effects of cognition, symptoms, or function
were identified.
Conclusions: In a small, randomized, double-blind, placebo-

controlled study, NAC treatment (2400mg daily) was associated
with increased glutathione in the MPFC of patients with
schizophrenia measured with MRS. NAC treatment was also
associated with a trend level decrease in glutamate, in the DLPFC.
Both findings could be explained by regression to the mean.
These results offer conditional support for further research into

the utility of NAC for improvement of oxidative states and
glutamate signaling in schizophrenia.
Keywords: Neuroinflammation, N-acetylcysteine, Schizophrenia

(SCZ), Magnetic Resonance Spectroscopy, Glutamate
Disclosure: Nothing to disclose.

T146. Systematic Review and Meta-Analysis of NMDA
Receptor Autoantibodies in Psychotic Disorders

David Thylur*, Brian Miller, Justin Ellis, Erica Duncan, David
Goldsmith

Emory University School of Medicine, Atlanta, Georgia, United States

Background: The relationship between anti-N-methyl D-aspartate
(NMDA) receptor (NMDAR) autoantibodies and schizophrenia is
inadequately understood, as studies examining this association have
yielded inconsistent findings. IgG antibodies to the GluN1 subunit of
NMDAR cause anti-NMDAR encephalitis, which can rarely present
with isolated psychiatric symptoms. If a subset of individuals with
schizophrenia have these autoantibodies, they may represent
undiagnosed cases of anti-NMDAR encephalitis or a phenotype of
schizophrenia that could be treatable with immunomodulation. We
endeavored to synthesize research on this relationship through a
systematic review and meta-analysis of studies examining the
prevalence of NMDAR autoantibodies in psychotic disorders.
Methods: A structured search of PubMed, PsycInfo, and Web

of Science was conducted in order to identify cross-sectional
and longitudinal studies measuring circulating IgG antibodies
to the GluN1 subunit of the NMDA receptor in adults with non-
affective primary psychotic disorders. We also examined
seroprevalence of IgA and IgM, which have unknown relevance
for psychosis. Study population characteristics and assay type
were noted as these factors contribute to substantial inter-study
variance.
Results: We screened 1074 references and identified 68 papers

for full review. Following full review, 28 papers met eligibility criteria.
Very few studies reported actual NMDAR antibody titers, so we
conducted a meta-analysis of the proportion of seropositivity across
populations. IgG antibody seroprevalence in psychosis ranged from
0% to 9% in these studies. In the pooled analysis, positive antibody
titers were low regardless of population. Individuals with first-
episode psychosis had a non-significantly higher proportion of
positive IgG subjects (2%; 95% CI 0–3%) than controls (1%; 95% CI
0–3%). IgG seropositivity was the same (1%) for all psychosis (95% CI
0–2%), non-first-episode psychosis (95% CI 0–1%), and controls.
Controls had a non-significantly higher proportion of IgA (6%; 95%
CI 2–11%) and IgM seropositivity (6%; 95% CI 2–11%) compared
with individuals with psychotic disorders (IgA 5%; 95% CI 3-6% and
IgM 4%; 95% CI 3-5%).
Conclusions: NMDAR antibody seroprevalence appears to be low

in individuals with psychotic disorders. Nevertheless, assay type
(particularly the use of fixation agents) has a pronounced impact on
study findings. Most studies used assays that were specific for the
diagnosis of anti-NMDAR encephalitis. Recent experimental models
indicate that any IgG antibody to the GluN1 subunit could lead to
NMDA dysfunction, suggesting that assays specific for antibodies
associated with anti-NMDAR encephalitis may miss other NMDAR
antibodies that could contribute to psychosis without causing
encephalitis. Future research may benefit from casting a wider net
by using assays that assess the full spectrum of GluN1 antibodies and
subsequently examining the role of blood-brain barrier dysfunction in
carriers of these antibodies.
Keywords: Psychosis, Autoantibody, NMDA Receptors, Schizo-

phrenia, Immune Biomarkers
Disclosure: Nothing to disclose.
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T147. Increased Density of Excitatory Synapses in the
Substantia Nigra in Schizophrenia: A Postmortem
Ultrastructural Study

Rosalinda Roberts*, Nicole Brown, Charlene Farmer, Joy Roche

University of Alabama, Birmingham, Alabama, United States

Background: Schizophrenia (SZ) is one of the most debilitating
mental disorders with a prevalence of approximately 1%. The
preponderance of evidence indicates that dopamine abnormal-
ities are play a role in the illness are pathway specific and underlie
different symptoms. Elevated striatal dopamine via the nigros-
triatal pathway is associated with psychosis and has been
implicated in SZ pathology since the development of antipsycho-
tic drugs APDs and the discovery that the majority of neuroleptics
block striatal dopaminergic D2 receptors. The substantia nigra (SN)
houses one of the largest clusters of dopaminergic cells in the
brain; however, few postmortem studies have examined the SN
and ventral tegmental area (VTA) in SZ. Imaging studies have
shown evidence for hyperactivity of the SN/VTA in SZs including
excessive glutamate release, increased dopaminergic neuronal
activity, and functional dysconnectivity correlated with excess
dopamine release in the striatum. We hypothesized that increased
excitatory neurotransmission and/or decreased inhibitory neuro-
transmission in the SN could underlie these imaging findings. To
test this hypothesis, we performed a quantitative ultrastructural
study of the SN/VTA in SZ subjects and matched controls. Synaptic
morphology is highly linked to the type of neurotransmission, thus
providing information about excitatory or inhibitory synapses in
the absence of immunolabeling. Synapses with thick postsynaptic
densities are called asymmetric (or Type I) and correspond to
excitatory neurotransmission, while synapses with thin postsy-
naptic densities are called symmetric (or Type II) and correspond
to inhibitory neurotransmission.
Methods: We examined postmortem SN from 11 schizophrenia

patients (SZs), and 8 normal controls (NCs). The gender composi-
tion of the groups was mainly male. The racial composition of the
groups was a combination of Caucasian and African American. The
mean age per group was 43.3 ± 14.3 years and 47.6 ± 11.3 years
for NCs and SZ, respectively. The mean postmortem interval was
5.7 ± 1.1 hours and 6.1 ± 2.3 hours for NCs and SZs, respectively.
The mean volume analyzed per case was 2443.5 ± 838.0 µm3 and
1269.4 ± 521.9 µm3 in NCs and SZs, respectively. Synapses
were counted based using stereological techniques. Synapses
were classified by the thickness of the postsynaptic density, and
the presence of a presynaptic density. Statistical outliers were
identified and removed, the data was tested for normality,
followed by parametric or nonparametric tests as indicated.
Results: Synapse morphology was much more diverse than the

typical types of synapses defined by a thick or thin postsynaptic
density (PSD). Most (65%) of the synapses in both groups had a
presynaptic density, which has not been identified in previous
literature. In both groups, the PSD of some synapses were neither
thin nor thick; thus, the excitatory or inhibitory nature of these
synapses is unknown. NCs had a mean combined (all morphol-
ogies) synaptic density of 0.040 ± 0.007 axon terminals per µm3,
while SZs had a mean density of 0.067 ± 0.026 axon terminals per
µm3 (p < 0.008). When dividing the synapses by the presence or
absence of a presynaptic density, SZ subjects had significantly
more synapses of both types than NCs: with a presynaptic density
0.032 ± 0.008 vs 0.022 ± 0.005, p < 0.007; without a presynaptic
density 0.025 ± 0.014 vs 0.011 ± 0.005, p < 0.028. SZ subjects
tended to have higher densities of each category of synapse
divided by symmetry, but these trends did not reach statistical
significance. When sorting by symmetry of synapse and presence
or absence of a presynaptic density, SZ had a higher density of

asymmetric (excitatory) synapses without presynaptic density than
did NCs (0.012 ± 0.011 vs 0.003 ± 0.001, p < 0.024).
Conclusions: The human SN/VTA has a much more compli-

cated synaptic architecture than in other brain areas, including a
sizable proportion of synapses with PSDs of intermediate
thickness and a large proportion of synapses with presynaptic
densities. These unusual morphologies have unclear functional
significance. In SZ, the higher density of asymmetric synapses
suggests abnormally high excitation. Previous studies support this
data showing that vGLUT2 protein, a marker of subcortical
glutamate neurons, is increased in the SN/VTA in SN. Taken
together, subcortical glutamatergic afferents provide increased
excitation to neurons in the SN/VTA in SZ, which may play a role in
the hyperactivity of dopamine neurons in the illness.
Keywords: Dopamine, Glutamate, Electron Microscopy
Disclosure: Nothing to disclose.

T148. Efficacy of Lumateperone (ITI-007) in Depression
Symptoms Associated With Schizophrenia

Andrew Satlin*, Robert Davis, Suresh Durgam, Kimberly Van-
over, Susan Kozauer, Jason Huo, Sharon Mates, Roger McIntyre

Intra-Cellular Therapies, Inc., New York, New York, United States

Background: In patients with schizophrenia, depression symptoms
are often prevalent, even in stable patients following antipsychotic
treatment. Depression associated with schizophrenia is linked to
poorer patient outcomes, including increased risk of relapse and
suicidality, worse functioning, and decreased quality of life.
Lumateperone (lumateperone tosylate, ITI-007) is a mechanistically
novel agent for the treatment of schizophrenia that simultaneously
modulates serotonin, dopamine, and glutamate neurotransmission.
This mechanism of action may confer beneficial effects in treating
depression symptoms associated with schizophrenia.
The efficacy, safety, and tolerability of lumateperone in

schizophrenia was established in randomized, placebo-controlled
studies. An open-label study (Study 303) in stable schizophrenia
patients switched from prior antipsychotic (PA) treatment to 1
year of lumateperone 42 mg further supported the long-term
effectiveness and safety of lumateperone.
This post hoc analysis of Study 303 evaluated the effects of

lumateperone 42 mg across the range of depression symptoms in
stable patients with schizophrenia.
Methods: Depression symptoms in Study 303 were assessed

using the Calgary Depression Scale for Schizophrenia (CDSS). This
scale comprises 9 items that are scored 0 (absent) to 3 (severe).
Analyses were conducted in patients with moderate-to-severe
depression symptoms (CDSS ≥ 6) at baseline. Mean change from
baseline was analyzed with a paired t-test. A responder analysis
(≥50% improvement from baseline) was also conducted.
Results: The overall population comprised 602 stable schizo-

phrenia patients, of these, 80 patients had moderate-to-severe
depression symptoms (CDSS score ≥ 6). Mean CDSS score in these
patients was 7.6 (range 6–16). At the end of treatment (EOT) mean
change from baseline was−4.8 (P < 0.0001); mean CDSS score was
2.4. In stable patients with CDSS score ≥6 at baseline, 50%
responded by EOT. Improvements were seen in patients with and
without concomitant antidepressant treatment.
Depression (Item 1) and Early Awakening (Item 7) were the

most prominent symptoms at baseline (mean scores 1.5 and 1.1,
respectively); Suicide (Item 8) was the least severe (0.1). At Day 75
(earliest on-treatment assessment), all CDSS items showed
significant improvement (P < 0.05 to P < 0.0001) from baseline.
The magnitude of improvement for all items increased from Day
75 to EOT (Day 368). The largest improvement was for Item 2
(Hopelessness; change from baseline = −0.8); 5 CDSS items
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showed marked improvements (−0.6) including Item 1, Item 3
(Self Depreciation), Item 5 (Pathological Guilt), Item 6 (Morning
Depression), and Item 7.
Conclusions: In stable schizophrenia patients with moderate-to-

severe depression, lumateperone 42 mg significantly improved a
broad range of depression symptoms. Clinically meaningful
improvement of depression symptoms was achieved in 50% of
patients. These results support the benefits of lumateperone 42 mg
in treating depression symptoms associated with schizophrenia.
Keywords: Schizophrenia (SCZ), Antipsychotic, Depressive

Symptoms
Disclosure: Intra-Cellular Therapies, Inc.: Employee, Stock /

Equity (Self)

T149. SEP-363856, a Novel TAAR1 Agonist, Lacks Abuse
Liability in Preclinical Models and Attenuates Cocaine Cue-
Induced Relapse in Rats

Colleen Synan*, Carrie Bowen, David Heal, Christelle Froger-
Colleaux, Patrick M. Beardsley, Una Campbell

Sunovion Pharmaceuticals, Inc, Marlborough, Massachusetts, United
States

Background: SEP-363856 is a novel psychotropic agent with a
unique non D2, non 5-HT2A mechanism of action which has
shown broad efficacy across multiple animal models of psychosis.
Sunovion discovered SEP-363856 in collaboration with Psycho-
Genics based in part on a mechanism-independent approach
using the in vivo phenotypic Smartcube® platform and associated
artificial intelligence algorithms. The molecular targets responsible
for the antipsychotic efficacy of SEP-363856 are not fully
elucidated but include agonist activity at trace amine associated
receptor 1 (TAAR1) and 5-HT1A receptors. Based on its unique
mechanism of action and preclinical profile in animal models, SEP-
363856 appears to represent a promising candidate for the
treatment of schizophrenia and potentially other neuropsychiatric
disorders. Given its CNS activity and the novel mechanism of this
new chemical entity, a series of preclinical studies were under-
taken with SEP-363856 to evaluate potential risk for abuse.
Methods: Abuse-related animal behavioral studies (self-admin-

istration and drug discrimination) were conducted in rats to
evaluate whether SEP-363856 produces behavioral changes
suggestive of human abuse potential. In addition, studies were
undertaken to probe the potential for SEP-363856 to block
reinstatement of cocaine-seeking behavior in rats.
Results: SEP-363856 was not self-administered by rats trained to

self-administer amphetamine, cocaine, or heroin. Over a behaviorally-
active dose range, the subjective qualities of SEP-363856 were distinct
from those produced by amphetamine in a drug discrimination
procedure. SEP-363856, and buspirone, a non-scheduled anxiolytic
with 5-HT1A partial agonist activity, partially generalized to the
interoceptive cue elicited by 3, 4-methylenedioxymethamphetamine
(MDMA). SEP-363856 demonstrated a trend to reduce reinstatement
responding produced by cocaine primes and dose-dependently and
significantly reduced cue-reinstated responding.
Conclusions: Based on the established predictive validity of the

self-administration and drug discrimination behavioral paradigms
in rats, these results suggest that SEP-363856 is not likely to pose a
risk for recreational abuse in humans. Further, these results
suggest the potential therapeutic utility of SEP-363856 in the
treatment of substance use disorders that warrants further
investigation given the purported role of TAAR1 in addiction.
Keywords: Abuse Liability, TAAR1, Cocaine Self-Administration
Disclosure: Sunovion Pharmaceuticals Inc.: Employee (Self)

T150. Molecular Mechanism of the Selectivity of the
Antipsychotic Xanomeline at Muscarinic Receptors

Christian Felder*, Alexander Powers, Vi Pham, Yiani Laloudakis,
Arthur Christopoulos, Steven Paul, Celine Valant, Ron Dror

Karuna Therapeutics, Indianapolis, Indiana, United States

Background: Xanomeline is a potent agonist for the muscarinic
acetylcholine receptor (mAChR) family. Karuna Therapeutics has
successfully completed Phase 2 studies in a placebo-controlled
schizophrenia trial with a xanomeline-trospium (KarXT) combina-
tion therapy and has initiated a Phase 1b trial in patients with
dementia-related psychosis. Despite promising clinical results,
both the structural basis of xanomeline binding to muscarinic
receptors and its unusual selectivity among mAChR subtypes are
poorly understood. The five mAChR subtypes differ substantially in
biological function and tissue distribution but have conserved
sequences and structure around the orthosteric ligand (acetylcho-
line) binding site. Thus, developing selective ligands, especially
agonists, is a principal goal and challenge in this field. Research
over the past 20 years has suggested that xanomeline more
strongly activates M1 and M4 receptors, despite binding to the
well-conserved orthosteric site. Without a molecular view of the
drug-receptor interactions, it has been difficult to explain these
desirable but mysterious properties and relate them to xanome-
line’s chemical structure. A molecular understanding would enable
the rational design of new muscarinic agonists with tailored
signaling properties across the family of mAChRs.
Methods: To systematically assess xanomeline’s functional

selectivity across all 5 mAChRs, we measured the level of ERK 1/
2 phosphorylation in Chinese Hamster Ovary cells stably expres-
sing each mAChR subtype. We then quantified the intrinsic
efficacy of xanomeline and 7 designed analogs, correcting for
receptor expression level differences between cell lines. To
investigate molecular interactions with the receptor, we chose
to focus on a comparison of the closely related M2 and M4
receptors. We first docked xanomeline to the orthosteric site of
active M2 and M4 structures. We then conducted extensive
molecular dynamics simulations of these systems embedded in a
hydrated lipid bilayer with all atoms represented explicitly.
Results: In the pERK1/2 assay, xanomeline’s intrinsic efficacy at

M4 was significantly greater compared to the others receptor
subtypes (p < 0.01, N = 3). Intrinsic efficacy at M4 was nearly
doubled that of M2, with a 10-fold difference in potency. In
contrast to previous reports, xanomeline did not activate M1 pERK
significantly more than M2/3/5.
Using molecular dynamics simulations of M2 and M4 receptors,

we discovered that xanomeline’s hydrophobic hexyl tail interacts
with unique cavities extending toward the membrane or
extracellular space. These cavities are not accessed by other
common muscarinic agonists. Xanomeline’s tail frequently
extends between transmembrane domains 5 and 6 (TM5-6) to
contact membrane lipids. However, the interaction with this gap
was significantly different between M2 and M4 (p = 0.03, N = 6).
At M2, the tail moved closer to a key asparagine residue on TM6,
rotating this residue away from its active state. Differing
sequences on extracellular loop 2 and the membrane-facing
surface of TM6 could drive this differing xanomeline behavior at
M2 and M4. Thus, the extension of the tail into these cavities
enables xanomeline to contact more diverse residues beyond the
highly conserved orthosteric site.
To validate this model, we synthesized a series of xanomeline

analogs with tails ranging from 1 to 8 carbons. We then used the
pERK 1/2 assay to measure the intrinsic efficacy of these analogs.
As predicted, shortening the tail from 8 to 3 carbons successively
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reduced the difference in xanomeline efficacy between M2
and M4.
Conclusions: In these studies, xanomeline behaves as a M4

muscarinic receptor agonist and is considerably less active at the
M1, M2, M3 and M5 receptors. Our results not only provide basic
information about xanomeline’s binding mode and activity, but
also begin to explain this ligand’s in vitro and in vivo selectivity at
the molecular level. We discovered that xanomeline’s tail
selectively interacts with novel gaps between transmembrane
helices. By bridging the orthosteric site and more sequence-
diverse allosteric sites, agonists can achieve a degree of functional
selectivity observed in some, but not all, in vitro and in vivo assays.
This data may help explain xanomeline’s antipsychotic activity in
patients with schizophrenia and Alzheimer’s disease.
Keywords: Acetylcholine Esterase Inhibitors, Muscarinic Recep-

tors, Dementia, Xanomeline, Schizophrenia
Disclosure: Nothing to disclose.

T151. In Vivo Characterization of the Opioid Receptor Binding
Profiles of Samidorphan and Naltrexone in Rats: Comparisons
at Clinically Relevant Concentrations

Laura Tan*, Nileshkumar Gajipara, Ying Zhou, Mark Namchuk,
Jacobi Cunningham

Alkermes, Inc., Waltham, Massachusetts, United States

Background: A combination of olanzapine and the opioid
receptor antagonist samidorphan (OLZ/SAM) is under develop-
ment for the treatment of schizophrenia and bipolar I disorder.
Samidorphan is a new molecular entity structurally related to
naltrexone, but with differentiated characteristics. OLZ/SAM is
intended to provide the efficacy of olanzapine while mitigating
olanzapine-associated weight gain. In vitro, samidorphan binds
with high affinity to mu (MOR), kappa (KOR), and delta (DOR)
opioid receptors and functions as a MOR antagonist with partial
agonist activity at KOR and DOR. Samidorphan binds with higher
affinity to MOR, KOR, and DOR than naltrexone and functions as a
more potent opioid receptor antagonist. The current studies
characterize and compare the in vivo binding profiles of
samidorphan and naltrexone at clinically relevant concentrations.
Methods: Two cohorts of male Sprague-Dawley rats were

injected with 0.03-3 mg/kg SC samidorphan or 0.01-1 mg/kg SC
naltrexone. The first cohort of rats was sacrificed to measure
plasma and brain uptake. In the second cohort, thirty minutes
after receiving samidorphan or naltrexone, rats were IV injected
with a triple tracer of NTX-D3, naltriben, and GR103545 to measure
MOR, DOR, and KOR occupancy, respectively. Brains were
dissected and receptor occupancy of MOR, DOR, and KOR was
measured using LC-MS.
Results: At clinically relevant concentrations, samidorphan

occupied MOR, DOR, and KOR whereas naltrexone occupied only
MOR and KOR. Corrected for free brain concentration, samidor-
phan also has higher in vivo affinity for MORs, KORs and DORs
than naltrexone.
Conclusions: Based on these data, samidorphan has a

differentiated binding profile from naltrexone.
Keywords: Samidorphan, Naltrexone, Opioid Receptors
Disclosure: Alkermes, Inc.: Employee (Self)

T152. Associations of Objective Sleep Assessments With
Cognitive and Physical Functioning: A Cross-Sectional Study
of Actigraphy in Community-Dwelling Participants with
Schizophrenia and Non-Psychiatric Comparison Participants

Ellen Lee*, Neha Kidambi, Sonia Ancoli-Israel, Atul Malhotra,
Dilip Jeste

University of California, San Diego, La Jolla, California, United States

Background: Sleep disturbances are present in 30-80% of people
with schizophrenia (PWS) are common and have been linked with
older age, more severe positive symptoms, worse depression,
worse cognitive functioning, increased inflammation, and worse
metabolic dysfunction. Few studies have examined objective
sleep patterns in PWS to understand the relationships between
sleep and multiple domains of health (mental, cognitive, physical).
We present cross-sectional data from ongoing longitudinal

studies of PWS and non-psychiatric comparison subjects (NCs).
Our hypotheses were: 1) PWS would have worse self-reported
sleep quality, shorter sleep duration, decreased sleep efficiency,
and greater variability in sleep duration and efficiency. 2) Worse
sleep measures would be related to worse mental, cognitive, and
physical functioning as well as metabolic and inflammatory
biomarker levels. We explored the impact of duration of overnight
awakenings, Bed-Time, and Wake-Time (as well as variability in
those measures) on health.
Methods: The sample included 25 PWS (DSM-IV-TR criteria) and

38 NCs (mean age 51.0 years, SD 11.9, range 29 to 72 years).
People with dementia were excluded.
Participants wore Actigraph Link devices (ActiGraph Inc.,

Pensacola, FL) for 4 to 12 days/nights, a wrist-worn tri-axial
accelerometer that is valid and reliable in PWS. Sleep measures
included total sleep time (TST), sleep efficiency, wake after sleep
onset (WASO, total duration of overnight awakenings), bed-time,
and wake-time. Standard deviations (SDs) of sleep measures were
considered to look at the influence of intra-individual variability on
outcomes. Self-reported sleep quality was assessed using the
Pittsburgh Sleep Quality Index.
Psychopathology measures included Scales for the Assessment

of Positive and Negative Symptoms (SAPS and SANS, respectively)
and the Patient Health Questionnaire-9 (for depression). Anti-
psychotic daily dose (WHO definition) and duration of illness were
also assessed. Cognitive measures included executive functioning
(Delis-Kaplan Executive Function System) and global cognition
(Telephone Interview for Cognitive Status - modified.) We
examined physical well-being (36-item Medical Outcomes Survey
– Short form), physical comorbidities (Cumulative Illness Rating
Scale), and body mass index (BMI).
Blood-based biomarkers assessed inflammation (high-sensitivity

C-reactive protein or hs-CRP) and metabolic function (Hemoglobin
A1c).
Independent sample t-tests and Mann-Whitney U tests were

used to assess differences between PWS and NCs. Spearman’s
correlations were performed to assess the relationships of sleep
measures with demographic and clinical variables as well as
biomarker levels. General linear models (GLMs, controlling for age,
sex, diagnostic group, and SD of the sleep measure) were
conducted to assess the impact of sleep measures on health.
Results: PWS and NCs were comparable on age, sex, and race.

The PWS group had fewer years of education and smoked more
than the NCs. PWS had worse psychopathology, lower cognitive
functioning scores, worse physical health, higher BMI, and
elevated Hemoglobin A1c levels.
PWS had similar mean TST, efficiency, Bed-times, and Wake-

times compared with the NCs. PWS had lower mean WASO (Mann
Whitney U = 280.5, p = 0.006, d = 0.75), and greater TST SD and
bed-time than the NCs (Mann Whitney U = 681.0, p = 0.004, d =
-.86; and Mann Whitney U = 693.0, p = 0.002, d = −0.83;
respectively). PWS had worse self-reported sleep quality (t(52)=
−2.93, p = 0.005, d = 0.80). Self-reported sleep quality was not
correlated with any objective sleep measure.
Older age was associated with greater sleep efficiency SD (r =

0.41, p = 0.04). Women had longer mean TST (t(61) = 2.45, p =
0.02,d = 0.62), earlier mean Bed-Time (t(61)=-3.53, p = 0.001, d =
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−0.89), and lower sleep efficiency SD (Mann Whitney U = 642.0, p =
0.05).
There was a trend association between greater mean TST and

better overall cognitive functioning (B = 0.011, Se = 0.006, p =
0.06, ηp2 = 0.06). Sleep measures were not associated with
depressive symptoms, and among the PWS, sleep measures were
not associated with antipsychotic daily dose, duration of illness, or
severity of positive and negative symptoms.
In the entire sample, greater mean TST and diagnostic group

were associated with lower BMI (B = −0.02, SE = 0.009, p = 0.04,
ηp2 = 0.13; B = −6.4, SE = 2.07, p = 0.004, ηp2 = 0.23;
respectively). Higher variability of sleep efficiency and female sex
were associated with higher number of physical comorbidities (B
= 0.31, SE = 0.11, p = 0.006, ηp2 = 0.14; B = 2.1, SE = 0.86, p =
0.02, ηp2 = 0.10; respectively). Greater mean TST and diagnostic
group were associated with lower Hemoglobin A1c levels (B =
−0.004, SE = 0.002, p = 0.03, ηp2 = 0.15; B = −1.0, SE = 0.33, p =
0.004, ηp2 = 0.24; respectively). Sleep measures were not
associated with hs-CRP levels.
Conclusions: Sleep disturbances associated with schizophrenia

may mediate some of the downstream health consequences. PWS
had similar mean objective sleep measures, but greater variability
of TST and bed-time than NCs. Sleep disturbances were associated
with worse cognitive and physical functioning. Mean TST and
variability of sleep efficiency were associated with physical health
outcomes (BMI, physical comorbidities, and Hemoglobin A1c
levels). Sleep is a promising lifestyle target for improving cognitive
and physical functioning among PWS. This study is ongoing and
updated results will be presented at the meeting.
Keywords: Sleep, Psychosis, Cardiometabolic Risk
Disclosure: Nothing to disclose.

T153. Altered Transcranial Magnetic Stimulation
Electroencephalographic Markers in Schizophrenia

Daphne Voineskos*, Reza Zomorrodi, Daniel M Blumberger,
Zafiris J Daskalakis

Centre for Addiction and Mental Health, Toronto, Canada

Background: Cortical inhibition is a neurophysiological process in
which cortical gamma-aminobutyric acid (GABA) inhibitory inter-
neurons modulate the activity of pyramidal neurons in the
cerebral cortex. Multiple lines of evidence, including neurophy-
siological and neuropathological, report that individuals with
schizophrenia have deficits in cortical inhibition. Combining
transcranial magnetic stimulation (TMS) with electroencephalo-
graphy is a reliable approach to measure inhibitory processes in
the cortex. The overall waveform produced by TMS-EEG may index
cortical reactivity as a whole and previous investigations have
linked the N45 component peak and the N100 component peak
with GABA-A and GABA-B inhibitory neurotransmission, respec-
tively. The aim of this study was to stimulate the DLPFC with TMS
and examine resultant differences in the TMS-EEG waveform
peaks between patients with schizophrenia and healthy subjects.
We hypothesized that individuals with schizophrenia will have
smaller TMS-evoked potentials, specifically the amplitudes of the
N100 and N45 components, those previously related to GABA-
ergic inhibition.
Methods: We applied TMS over the left DLPFC and recorded

EEG activity in 48 healthy subjects (mean age: 33.8 ± 5.3) and 46
patients with schizophrenia (mean age: 43.3 ± 6.4). Monophasic
TMS pulses were administered using a 7-cm figure-of-8 coil, and
two Magstim 200 stimulators connected via a Bistim module.
Single pulse TMS was administered over the left DLPFC with 100
total pulses, which were delivered every 5s. Resultant waveforms
were extracted and analyzed through custom MATLAB scripts. The

TMS-evoked potential waveform was examined through Global
Mean Field Amplitude (GMFA) analysis of waveform peaks in each
the two groups. Normality of the distribution of each variable was
assessed and a Mann Whitney U test was then performed for each
variable of interest to assess differences between groups.
Results: Individuals in the schizophrenia group demonstrated

smaller measures of cortical inhibition in the DLPFC. Specifically,
smaller amplitudes of the N45 (U = 724.00, p = 0.004) and N100
peaks (U = 831.00, p = 0.039), although the overall AUC of the
waveform did not differ between groups (U = 969.00, p = 0.307).
Further analysis is underway to examine medication and symptom
cluster effects.
Conclusions: These results demonstrate novel findings of

deficits in both GABA-A and GABA-B associated measures of
cortical inhibition as indexed by single pulse TMS-EEG. This
reinforces previous evidence from different research modalities
demonstrating overall GABAergic inhibitory deficits in schizo-
phrenia, and specifically provides new support which confirms
recent findings of aberrant GABA-Aergic inhibitory neurotransmis-
sion in schizophrenia.
Keywords: Schizophrenia (SCZ), TMS-EEG, Cortical Inhibition,

GABA
Disclosure: Nothing to disclose.

T154. Hippocampal Volume in Early Psychosis: A Two-Year
Longitudinal Study

Maureen McHugo*, Kristan Armstrong, Maxwell Roeske, Neil
Woodward, Jennifer Blackford, Stephan Heckers

Vanderbilt University Medical Center, Nashville, Tennessee, United
States

Background: A hippocampal volume deficit is one of the most
widely replicated findings in schizophrenia. However, the evolu-
tion of this volume deficit in the critical period following illness
onset is unclear. We followed patients in the first 2 years of a
psychotic disorder to examine longitudinal changes in hippocam-
pal structure. In our primary analysis, we tested the hypothesis
that hippocampal volume decline in the first two years of illness is
regionally specific, with the anterior cornu ammonis (CA) subfields
most affected. In a secondary analysis, we examined the impact of
illness trajectory on hippocampal volume change over two years.
Approximately one-third of individuals diagnosed with schizo-
phreniform disorder will not experience persistent illness leading
to a diagnosis of schizophrenia. We predicted that hippocampal
volume is reduced only in individuals who will ultimately be
diagnosed with schizophrenia.
Methods: We analyzed longitudinal structural MRI data from 63

early psychosis patients and 63 healthy control subjects, collected
over two years. Fifty-six early psychosis (89%) and 52 healthy
control subjects (83%) completed the study. We measured
subfield volumes in the anterior and posterior regions of the
hippocampus using the longitudinal processing stream of Free-
surfer 6. Data were analyzed by fitting linear mixed models of
volume, with group, region, and subfield as fixed effects, and
participant as a random effect.
Results: We found lower hippocampal volume in the early

psychosis group in the anterior rather than the posterior region
(Group X Region interaction: p = 0.02, d = 0.74). However, this
deficit did not change over two years (Group X Region X Time
interaction: p = 0.95). In our secondary analysis, we observed
regionally specific hippocampal volume deficits that varied with
diagnostic trajectory (Trajectory X Region X Subfield interaction:
p = 0.04). Anterior CA volume was lower than healthy individuals
in participants who met criteria for schizophrenia at baseline (p <
0.001, d = 0.83) and in participants who were diagnosed with
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schizophrenia after two years (p < 0.001, d = 1.24). Participants
who maintained a diagnosis of schizophreniform disorder over
two years had anterior CA volume similar to healthy individuals
(p = 1.0). These group differences did not change over time
(Trajectory X Region X Subfield X Time interaction: p = 1.0).
Conclusions: In a longitudinal case-control design, we find that

anterior hippocampal volume is lower in early psychosis and does
not decline further over the next two years. Additionally, we find
smaller anterior CA volume at baseline only in those individuals
who will ultimately progress to schizophrenia, not in those whose
psychosis remits. Our data are consistent with a neurodevelop-
mental model of schizophrenia and suggest that anterior CA
integrity is an important marker of clinical progression in
psychosis.
Keywords: Schizophrenia (SCZ), Hippocampus, Structural MRI,

Illness Trajectory
Disclosure: Nothing to disclose.

T155. Three Non-overlapping Cortical Interneuron Subtypes
Relate to Distinct EEG Biomarkers in Neuropsychiatry

Jordan Ross, Georgia Bastos, Antanovia Ferrell, Connor
Gallimore, Jacob Holmes, Jordan Hamm*

Georgia State University, Atlanta, Georgia, United States

Background: Schizophrenia and other neuropsychiatric disorders
involve fundamental dysfunctions in perceptual processing.
Electroencephalographic (EEG) recordings during sensory “odd-
ball” paradigms have been utilized in patient populations to
measure “biomarkers” of such deficits, such as the classic
“mismatch negativity” (MMN) and the P300 scalp potential.
Unfortunately, the basic molecular, cell, and circuit-level pathology
that are indexed by such surface-level biomarkers remain unclear,
representing a significant knowledge gap for developing a rapid,
non-invasive, low-cost clinical assay of a defined biological
pathology.
Methods: Here we studied the activity of cortical microcircuits

in awake male and female mice (n = 20) during a classic visual
oddball paradigm, with rare “deviant” stimuli (oriented drifting
square-wave gratings) interspersed among repetitive “standard”
stimuli (10% deviants). With fast two-photon calcium imaging
(GCaMP6s; 28-Hz) in transgenic mice we recorded the activity of
neural populations (n = 20-200 cells at once) across neocortical
layers 1-5a, focusing on genetically tagged excitatory neurons and
GABA-ergic inhibitory interneurons from three non-overlapping
categories: parvalbumin (PV+), somatostatin (SST+), and vasoac-
tive intestinal peptide (VIP+) positive cells. Further, we measured
local field potential oscillations in the same paradigm with
multielectrode probes spanning all cortical laminae to understand
how the dynamics of these cell types relate to distinct frequency
bands present in the human EEG.
Results: Neural responses during the oddball paradigm

exhibited two components: stimulus specific adaptation (SSA;
suppressed responses to repetitive stimuli) and deviance detec-
tion (DD; increased responses to deviant/oddball stimuli, sugges-
tive of “prediction error”). Excitatory neurons displayed SSA across
all layers, but only displayed genuine deviance detection in
supragranular layers. Interneuron subpopulations (PV+, SST+,
VIP+) showed highly diverse dynamics during this paradigm, both
within and between cell types and layers. Numerous effects were
present, but included strong adaptation to repetition (SSA) in layer
2/3 SSTs while 2/3 VIPs showed inverse adaptation, consistent
with the mutual inhibition demonstrated between these popula-
tions in anatomical studies. In contrast, layer 4 SSTs, which have
been shown to disinhibit excitatory cells, displayed deviance
detection. Interestingly, VIPs correlated directly with layer 2/3

gamma oscillations, while layer 4 SSTs correlated with layer 4
theta/alpha oscillations.
Conclusions: While the MMN and p300 EEG potentials have

shown promise as clinical biomarkers, these results emphasize
that distinct cell and circuit biology may relate more directly to
more nuanced components of these measures, such as sensory
adaptation, prediction error, and neural oscillations. Given that
GABA-ergic interneurons are known to show abnormalities in
postmortem brain samples from people with psychosis, this work
may provide an important roadmap for the refinement of clinical
biomarkers and the development of precision therapeutics
targeting cells and circuits.
Keywords: Cortical GABA, Two-Photon Calcium Imaging,

Predictive Coding
Disclosure: Nothing to disclose.

T156. Molecular and Circuit-Specific analysis of Locus
Coeruleus-Prefrontal Networks During a Touchscreen Rodent
Continuous Performance Test

Henry Hallock*, Jessica Valerino, Adrienne DeBrosse, Michael
Noback, Henry Quillian, James Barrow, Andrew Jaffe, Gregory
Carr, Keri Martinowich

Lieber Institute for Brain Development, Baltimore, Maryland, United
States

Background: Attentional deficits are a prominent symptom in
schizophrenia (SCZ), attention deficit hyperactivity disorder
(ADHD), and major depressive disorder (MDD). Patients with these
disorders frequently exhibit impairments in the continuous
performance test (CPT), which is designed to measure sustained
attention. Individuals with these disorders show aberrant pre-
frontal cortex (PFC) activity during CPT performance, suggesting
that PFC dysfunction underlies attention deficits in these patients.
However, the mechanisms by which the PFC regulates sustained
attention during the CPT remain unclear.
Methods: Behavioral testing and c-Fos immunohistochemistry

were used to assess activation of inputs to the medial PFC (mPFC)
during performance of a rodent analogue of the CPT (the rCPT) in
mice (n = 6 per group). In vivo calcium imaging (n = 4 mice) was
used to assess patterns of activity in mPFC neurons, as well as
mPFC neurons with connections to the locus coeruleus (LC) during
the rCPT. Imaging of norepinephrine activity in the mPFC with a
biosensor (GRAB_NE) was used to examine norepinephrine
signaling during rCPT performance (n = 4). In vivo electrophysiol-
ogy was employed to detect how the mPFC and LC communicate
during the rCPT (n = 4). For assessment of molecular function in
subsets of mPFC neurons that receive contact from the LC, we
used RNAscope (n = 10) and bulk RNA-sequencing (n = 5).
Results: We found that a larger proportion of LC neurons with

projections to the mPFC co-expressed c-Fos following rCPT
performance (t(22) = 3.086, p = 0.005) as compared to a yoked
behavioral control group. We further found that the LC and mPFC
synchronized their activity during the rCPT, as evidenced by an
increase in mPFC-to-LC directionality in the theta frequency band
(p < 0.001) when the animal made a behavioral response, and an
increase in LC-to-mPFC directionality in the gamma frequency
band when the animal oriented attention to the stimulus (p <
0.001). Imaging of neuronal activity in the mPFC revealed that
mPFC neurons have heterogeneous response patterns during
rCPT performance, with some neurons increasing their calcium
activity during stimulus orientation and some neurons increasing
their calcium activity during behavioral responses. To determine
the molecular identities of mPFC neurons that connect with the
LC, we used RNAscope to find that mPFC neurons receiving LC
contact are primarily GABAergic, while mPFC neurons projecting
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to the LC are primarily excitatory (F(1,6) = 190.2, p < 0.0001). We
further found that synthetic depolarization of LC neurons with
projections to the mPFC increased Fos expression in GABAergic
neurons (F(1,6) = 8.426, p = 0.027) and neurons expressing
Adra1a (p < 0.05). Using bulk RNA-sequencing, we further found
that depolarization of LC inputs to the mPFC caused enrichment
of a host of transcripts in mPFC tissue.
Conclusions: Interactions between the locus coeruleus and

mPFC are a critical component of rCPT performance in rodents,
with the LC driving the mPFC during stimulus orientation, and the
mPFC driving the LC during behavioral responding. These results
have implications for brain function in patients with neuropsy-
chiatric disorders who have deficits in CPT performance.
Furthermore, we uncover unique molecular markers of neuronal
function in this circuit, providing insight into potential therapeutic
targets for attentional regulation in disorders such as ADHD, major
depressive disorder, and schizophrenia.
Keywords: Attention, Medial Prefrontal Cortex, Noradrenaline,

Touchscreen, RNA-Sequencing
Disclosure: Nothing to disclose.

T157. Effect on Cognitive Performance of the Dual Orexin
Receptor Antagonist Lemborexant Compared With
Suvorexant and Zolpidem

Ishani Landry, Nancy Hall, Jagadeesh Aluri, Gleb Filippov, Larisa
Reyderman, Beatrice Setnik, Margaret Moline*

Eisai Inc., Woodcliff Lake, New Jersey, United States

Background: Lemborexant (LEM) is a dual orexin receptor
antagonist approved in the US and Japan at doses up to 10 mg
for the treatment of insomnia in adults. Drug abuse potential of
LEM was examined in a phase 1 clinical trial, which included
assessments of drug liking and cognitive performance. Reported
here are the results from the assessment of cognitive performance
following LEM treatment compared with zolpidem (ZOL), suvor-
exant (SUV), and placebo (PBO).
Methods: This was a single-center, single-dose, randomized,

double-blind, 6-way crossover study (NCT03158025; E2006-A001-
103) with adult subjects that were healthy, nondependent,
recreational sedative users aged 18-55 years. The objectives of
this study were primarily to evaluate the relative abuse potential
of LEM and, secondly, to evaluate the safety profile (including
assessments of cognitive performance) and pharmacokinetic
profile following single dose administration of LEM. All subjects
who entered the treatment phase could discriminate/like both
SUV and ZOL versus PBO during a qualification phase. During the
treatment phase, cognitive performance was assessed for oral
doses of LEM (10mg [LEM10]; 20mg [LEM20]; 30mg [LEM30]) vs
PBO and vs 2 active comparators (ZOL immediate release 30mg
and SUV 40mg). All medications were administered following an
overnight fast, with a ≥14 day washout between treatments. The
primary endpoint of this study was to assess the peak maximum
effect of LEM vs PBO, SUV, and ZOL on “at this moment” drug
liking (not reported here). Cognitive performance assessments
included the Choice Reaction Time (CRT) and the Divided
Attention Test (DAT), which were assessed pre-dose and at regular
time points from 15 minutes to 24 hours following study drug
administration. CRT provides a measure of psychomotor perfor-
mance and includes: recognition reaction time (RRT; the time it
takes for a subject to notice the light by lifting their finger from
the button; higher scores indicate greater impairment), motor
reaction time (MRT; time between subject lifting their finger from
the button and pressing the response button; higher scores
indicate greater impairment), and total response time (TRT; sum of
RRT and MRT; higher scores indicate greater impairment). DAT is a

manual tracking test with a simultaneous visual target detection
component; assessments included the percent of target hits
(lower scores indicate greater impairment) and the number of
false alarms (higher scores indicate greater impairment).
Results: A total of 32 subjects received and completed all

treatments. In the primary assessment of “at this moment” drug
liking, all doses of LEM, SUV, and ZOL demonstrated abuse
potential vs PBO, and all doses of LEM were similar to SUV and
ZOL (reported separately). For RRT, mean maximum change from
baseline (CFBmax) scores were statistically significantly greater vs
PBO (82.4ms) for all LEM doses (LEM10, 164.8ms; LEM20, 172.8ms;
LEM30, 181.8ms; all P<0.001), and for ZOL (164.2ms; P<0.001) and
SUV (143.6; P=0004). For all doses, LEM was not statistically
significantly different compared with ZOL or SUV. For MRT, mean
CFBmax scores vs PBO (44.3ms) were statistically significantly
greater for all LEM doses (LEM10, 86.6ms; LEM20, 102.9ms; LEM30,
97.9ms; all P < 0.001), and for ZOL (227.4ms; P < 0.001) and SUV
(83.0ms; P < 0.001). All LEM doses showed statistically significantly
lower mean CFBmax (smaller increase in MRT) scores compared
with ZOL (all P < 0.001), but not compared with SUV. For TRT,
mean CFBmax scores vs PBO (99.3ms) were statistically signifi-
cantly greater for LEM (LEM10, 229.5ms; LEM20, 246.7ms; LEM30,
258.7ms; all P < 0.001), and for ZOL (359.4ms; P < 0.001) and SUV
(197.7ms; P < 0.001). Mean CFBmax score for LEM30 was
statistically significantly greater compared with SUV (P = 0.025).
All LEM doses showed statistically significant lower mean CFBmax
scores compared with ZOL (all P < 0.001).
For DAT target hits, the mean minimum CFB (CFBmin) scores vs

PBO (−17.8%) were statistically significantly lower for all LEM
doses (LEM10, −43.3%; LEM20, −43.8%; LEM30, −45.6%; all P <
0.001), and for ZOL (−62.1%; P < 0.001) and SUV (−36.7%; P <
0.001). All doses of LEM showed statistically significantly greater
CFBmin (smaller decrease in percentage of target hits) scores
compared with ZOL (all P<0.001). LEM20 and LEM30 showed a
statistically significantly greater decrease in the percentage of
target hits compared with SUV (P = 0.028 and P = 0.003,
respectively). For number of DAT false alarms, mean CFBmax
scores were lowest with LEM (LEM10, 5.8; LEM20, 4.5; LEM30, 7.4),
followed by SUV (7.5), PBO (9.2), and ZOL (10.5). Only mean
CFBmax for ZOL was statistically significantly different compared
with PBO (P = 0.009). All doses of LEM were statistically
significantly different than ZOL (P = 0.002, P = 0.001, P = 0.025,
respectively), but not SUV.
Conclusions: While all active treatments generally increased

reaction time vs PBO, results of the CRT suggest that all doses of
LEM were associated with less delay in reaction times compared
with ZOL but were generally similar to SUV. Additionally, divided
attention capabilities were significantly better with all doses of
LEM compared with ZOL. Together, these results suggest that ZOL
has a greater negative effect on cognitive performance in this
subject population of recreational sedative users than LEM and
SUV, although all 3 drugs have been placed in schedule IV and
have a similar potential for abuse.
Keywords: Lemborexant, Insomnia, Cognition, Abuse Potential
Disclosure: Eisai Inc.: Employee (Self)

T158. Sleep Disruption, and Other Behavioral Alterations,
During Withdrawal Following Chronic THC Exposure in Mice

David Lovinger*, Karina Abrahao, Matthew Pava, Yolanda
Mateo, Alexa Gracias, Andrew Kesner

National Institute on Alcohol Abuse and Alcoholism, Rockville,
Maryland, United States

Background: The diagnosis of cannabis withdrawal (DSM-V) has
become less contentious at the clinical level given the growth of
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human studies reporting withdrawal symptoms upon cessation of
cannabis use. However, because reliable, objective measures of
withdrawal from delta-9-tetrahydrocannabinol (THC), the major
psychoactive ingredient in cannabis, are generally difficult to
observe in laboratory animal models, back-translational studies on
the physiological mechanism of cannabis/THC withdrawal are
lacking. Typically, in laboratory animal studies, withdrawal
symptoms are precipitated by treatment with a cannabinoid type
1 receptor antagonist, which does not mimic the normal course of
withdrawal in human cannabis users. A known consequence of
chronic cannabis use in humans is altered sleep, and sleep
disturbances are often cited as a primary withdrawal symptom
upon cannabis cessation. Our laboratory has previously reported a
role for endogenous cannabinoid signaling in sleep stability in
mice, and we have recently aimed to determine if cannabis
withdrawal-induced changes in sleep can be modeled in rodents.
Methods: We used electrocorticogram and electromyogram

recordings from chronically implanted female and male mice
combined with our fully automated sleep analysis system to score
sleep before, during, and after chronic injection of either THC or
vehicle control. We used a THC treatment regimen known to
produce tolerance, consisting of ten i.p. injections of 10mg/kg THC
over six days.
Results: Our findings indicate that polysomnographic measures

in mice treated with THC indeed mimic clinical observations of
altered sleep architecture in human cannabis users, including: 1)
augmented total time spent in non-rapid eye movement (NREM)
sleep after the first THC injection which returns to baseline levels
after the last injection – i.e. tolerance to the sleep altering effects
of the THC; and, 2) Destabilization of NREM and rebound of REM
sleep during early abstinence (days 1–3) that progressively returns
to control levels during later abstinence (days 4–6). To our
knowledge, this is the first murine model of a directly translatable
non-precipitated (spontaneous) cannabis withdrawal symptom.
Our initial follow-up experiments indicate withdrawal-timepoint
specific alterations in dopamine levels (as measured by ex-vivo
fast-scan cyclic voltammetry) within the striatum, a brain region at
the nexus of both drug addiction and sleep; and changes in
behavioral indices associate with anhedonia and motivation
during early, but not late timepoints of THC withdrawal.
Lastly, we are beginning to uncover sex-differences in both sleep
and behavioral measurements that highlight importance of
including sex as a biological variable at both the preclinical and
clinical level when studying effects of THC administration and
withdrawal.
Conclusions: These data open the door for pre-clinical research

efforts to determine the neurobiological bases of, and potentially
treat, a primary withdrawal symptom of cannabis use disorder.
Keywords: Cannabis, Dopamine, Polysomnography, Anhedonia,

Striatum
Disclosure: Nothing to disclose.

T159. Sleep Dynamics, Weight, and Appetite in a Prospective
Cohort of Psychiatric Patients During COVID-19

Youngjung Kim*, Juan José Campaña-Montes, Antonio Artes,
Enrique Baca-Garcia, M. Mercedes Perez-Rodriguez

Icahn School of Medicine at Mount Sinai, New York, New York, United
States

Background: Disrupted sleep is associated with an increased risk
of all-cause mortality, weight dysregulation, adverse psychological
symptoms and changes in eating behaviors, as well as altered
leptin and inflammatory markers. Recent studies have suggested
that the Coronavirus 2019 (COVID-19) pandemic has led to a
shifted circadian rhythm with or without changes in sleep

duration, but there is a limited understanding of how this has
impacted the more vulnerable psychiatric patient populations.
Furthermore, longitudinal studies on sleep dynamics during the
acute pandemic period are lacking.
Methods: Participants were adult patients engaging in out-

patient psychiatric treatment in an academic medical center in
Madrid, Spain, with access to a smartphone and internet, who
were being followed as part of an ongoing study using a
smartphone-based ecological momentary assessment (EMA)
program. On March 15, 2020, Spain issued a nation-wide
quarantine as a public safety measure, and to assess the acute
period surrounding the lockdown, we analyzed user-reported
longitudinal sleep data gathered in the 6 weeks pre-lockdown
(February 1 to March 14, 2020) and 6 weeks post-lockdown (March
15 to April 26, 2020) periods. Users were able to report their sleep
and wake times in real-world, real-time, non-clinical settings
through the smartphone-based EMA application. Past the acute
phase of the pandemic (between May 12 to June 18, 2020), we
gathered data on short-term psychological outcomes through
remote clinical follow-ups, including the patients’ retrospective
recall regarding sleep habits pre- and post-lockdown, together
with assessment of mood and anxiety symptoms using the Patient
Health Questionnaire-9 (PHQ-9) and Generalized Anxiety Disorder
7-Item Scale (GAD-7) aimed at assessing recent emotional well-
being past the acute phase of the pandemic. In the longitudinal
arm, daily sleep durations and sleep timing were calculated for all
participants, and the effects from time were assessed using linear
mixed models with age, sex, and body mass index (BMI) as
covariates. Further, systems-level changes in sleep patterns
were assessed using the Mann-Kendall (MK) trend test with
associated slope and change point calculations using Sen’s and
Pettitt’s methods. For both longitudinal and retrospective recall
data, sleep durations and bedtimes were compared across BMI
groups using standard statistical tests for group differences. Linear
regression modeling and Spearman’s rank correlation methods
were used to assess for association with psychological short-term
outcome.
Results: Longitudinal data from N = 58 adult patients between

the ages of 19 and 75 (mean ± SD = 45.8 ± 14.4), two-thirds
female, with BMI ranging from 16 to 49 kg/m2 (underweight,
UW = 7%; normal weight, NW = 40%; overweight, OW = 29%;
and obese, OB = 24%) were available for the focused 12-week
period surrounding the lockdown. Patients reporting insufficient
sleep (<7 hours/night) had higher BMI (29.8 kg/m2 compared to
25.9 kg/m2, p = 0.010*) and delayed sleep timing (12:52 AM
compared to 1:45 AM, p = 0.009**). Analysis of the real-time
reported sleep data showed that patients have differential sleep
patterns associated with BMI groups, with UW and OB patients
reporting shorter sleep duration (p = 0.004**) and delayed
bedtimes (p = 0.047*). Linear mixed models showed that sleep
duration did not change over the course of the acute phase of the
pandemic (F = 1.078, df = 84, p =0.302) whereas the reported
bedtimes were delayed significantly (F = 1.852, df = 84, p <
0.0001****). This pattern was mirrored in the system-wide time-
series analysis in that there were no significant changes in sleep
duration (MKtau = 0.008, Sen’s Slope = 0.000, pSen = 0.912;
pPettitt = 0.489) but the timing of sleep was significantly delayed
(MKtau = 0.584, Sen’s Slope = 84.102, pSen < 0.0001****; change
point = March 18, 2020, pPettitt < 0.0001****). Analysis of the
cross-sectional clinical data from N = 212 patients of similar age
(19 to 77 years old), similar sex (two-thirds female) and BMI
distribution (UW:NW:OW:OB = 4%:33%:36%:27%) inclusive of our
longitudinal cohort also showed a shift towards delays in sleep-
wake cycles through retrospective recall of pre- and post-
lockdown periods after the acute pandemic period has ended.
Shorter sleep duration during pre- and post-lockdown were highly
correlated with overall depressive symptom scores, low mood,
insomnia, suicidality and dysregulated appetite, and reported
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sleep-timing in individuals with abnormal BMI acutely post-
lockdown was significantly associated with dysregulated appetite
(p = 0.039 *).
Conclusions: Psychiatric patients reported delayed sleep timing

and similar sleep duration during the lockdown measures of the
COVID-19 pandemic in Spain, and patients of abnormal BMI have
disproportionately worse sleep patterns and psychological symp-
toms including appetite in the short-term following the long-
itudinal study. Further studies are needed to address if this affects
other parameters of metabolic health and could lead to novel
therapeutic strategies to address patients who may be at higher
risk of psychiatric decompensation.
Keywords: Sleep, Metabolism, Circadian Rhythm, COVID-19,

Ecological Momentary Assessment
Disclosure: Nothing to disclose.

T160. Kynurenic Acid Synthesis Inhibitor PF-04859989
Prevents Acute Kynurenine-Induced Sleep Disturbances in
Rats

Katherine Rentschler, Annalisa Baratta, Jessica Mong, Ana
Pocivavsek*

University of South Carolina School of Medicine, Columbia, South
Carolina, United States

Background: Individuals who suffer from neurocognitive dis-
orders, such as age-related dementias, schizophrenia, or bipolar
disorder, are often also battling sleep disturbances and comorbid
parasomnias. Kynurenic acid (KYNA) is a tryptophan metabolite
implicated in the pathophysiology of these illnesses. Modest
increases in KYNA, which acts as an antagonist at N-methyl-D-
aspartate (NMDA) and α7 nicotinic acetylcholine (α7nACh)
receptors, and an agonist at the aryl hydrocarbon (AhR) receptors,
result in cognitive impairments and alterations in sleep-wake
behavior (Pocivavsek et al. Sleep 2017). We presently sought to
determine if pharmacological inhibition of the KYNA synthesizing
enzyme, kynurenine aminotransferase II (KAT II), may serve as a
potential avenue to overcome sleep disturbances.
Methods: We explored the novel hypothesis that elevated

KYNA adversely impacts sleep quality in adult cohorts of both
male and female Wistar rats. Animals (N = 9 – 11 per sex
within animal treatment design) were implanted with telemetric
devices to acquire polysomnographic recordings that combine
electroencephalogram (EEG) and electromyogram (EMG) and
challenged with kynurenine, the direct precursor to KYNA.
At the beginning of the light phase, rats received injections of
either i) vehicle, ii) kynurenine (100mg/kg; i.p.), iii) the systemically
active KAT II inhibitor, PF-04859989 (30 mg/kg; s.c), or iv) PF-
04859989 and kynurenine in combination. Analysis of vigilance
state-related parameters categorized as wake, rapid eye move-
ment (REM) and non-REM (NREM) were assessed for 24 h after
treatment.
Results: Kynurenine challenge significantly reduced REM

duration by 15% compared to vehicle treatment (*P < 0.05)
during the 12 h of the light phase. Animals treated with PF-
04859989 thirty minutes prior to acute kynurenine challenge
elicited unchanged REM sleep duration compared to vehicle
treatment or PF-04859989 treatment alone (P = 0.89) during light
phase analysis alone. Interestingly, PF-04859989 increased NREM
duration (*P < 0.05) and decreased wake duration (*P < 0.05)
across 24 hours in both vehicle and kynurenine-treated trials,
suggesting that the KAT II inhibitor may have slight sedative
properties. Furthermore, PF-04859989 enhanced NREM delta
power in kynurenine-treated animals during the subsequent dark
phase (*P < 0.05).

Conclusions: Taken together, REM was restored when PF-
04859989 was administered prior to kynurenine challenge,
suggesting that KAT II inhibition was sufficient to prevent the
kynurenine-induced reduction in REM. Changes in NREM
and wakefulness parameters elicited by the KAT II inhibitor
may be indicative of mild somnolence induced by KAT II
inhibition. The present and future complementary
experiments provide mechanistic value to understanding the role
of KYNA in modulating sleep behavior and demonstrate that
KAT II inhibition may serve as a potential therapeutic avenue for
improving sleep disturbances associated with neurocognitive
disorders.
Keywords: Kynurenic Acid, REM Sleep, Schizophrenia (SCZ),

Tryptophan Catabolites (TRYCAT), Kynurenine Pathway
Disclosure: Nothing to disclose.

T161. Role of Prefrontocortical Sigma-1 Receptors in the Post-
Dependent Phenotype of Alcohol Addiction

Sema Quadir*, Yasmine Sami, Kristin Doucette, Joanna Yang,
Yoana Grigorova, Pietro Cottone, Valentina Sabino

Boston University School of Medicine, Boston, Massachusetts, United
States

Background: Alcohol use disorder (AUD) is a highly prevalent
chronically relapsing disorder characterized by compulsion to seek
and take alcohol. AUD patients display loss of inhibitory control
and cognitive deficits. These impairments are thought to be a
result of chronic alcohol-induced neuroadaptations in fronto-
cortical regions of the brain, including the anterior cingulate
cortex (ACC), brain area key for the “top-down” inhibitory control
over behavior, suggesting that hyperactivity of the ACC may play a
key role in the development of alcohol addiction. Importantly, the
ACC is also a hub for neuropathic pain and, therefore, a potential
key site for alcohol-induced hyperalgesia. One promising ther-
apeutic target for AUD has been proposed to be the Sigma-1
receptor (Sig-1R); blockade of this receptor has been shown to
reduce excessive alcohol drinking and to alleviate neuropathic
pain in rodent models. The aim of this study was, therefore, to
examine the role of Sig-1R in the post-dependent phenotype
resulting from the exposure of rats to chronic intermittent ethanol
(CIE) vapor.
Methods: Subjects: Male Wistar Rats (250-275g upon arrival)
Chronic Intermittent Ethanol Exposure: Rats were subjected to

repeated cycles of 14h on/10h inhalation of 95% ethanol vapor.
Drip rate into the chamber was titrated to induce blood alcohol
levels (BALs) of 150-200mg/dl, levels commonly seen in patients
with AUD. BALs were confirmed weekly by taking 0.05ml of tail
blood and testing it with an oxygen rate alcohol analyzer (Analox).
Control rats were simply subjected to 24h air.
Immunofluorescence:
issue was sliced into 30µm thick sections using a cryostat and

stored in cryoprotectant until use. Primary antibodies used rabbit
anti-GluN2b (Alomone AGC 003; 1:700), mouse anti-Sig-1R (Santa
Cruz sc137075; 1:250) and rabbit anti-GFP (Abcam ab6556 1:1000).
Secondaries used were donkey anti-rabbit 488 (Invitrogen A21206;
1:400), donkey anti-mouse 555 (Invitrogen A31570; 1:400), goat
anti-rabbit 488 (Invitrogen A32731; 1:400) and goat anti-mouse
555 (Invitrogen A32727; 1:400). Immunofluorescence studies used
4-6 animals/group.
Site Specific AAV Knockdown: Rats were stereotaxically infused

(0.5 µl/side, 0.1 µl/min) with Sig-1R Adeno-Associated Virus (AAV)
from the NIDA Optogenetics and Transgenic Technology Core to
knockdown Sig-1R.
Testing for Mechanical and Thermal Sensitivity: Rats were tested

for mechanical sensitivity using Von Frey filaments of increasing
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force, according to the modified SUDO method. Rats were tested
for thermal sensitivity using the Plantar Analgesia Meter (IITC).
Using a beam of infrared light as the heat source, the stimulus was
applied to each paw and latency to withdraw paw was recorded.
These studies used 7-8 animals/group.
Testing for Impulsive Action via Differential Rates of Low

Responding (DRL): Rats are trained to withhold lever pressing for a
set amount of time (initially 5 sec (DRL5), then to 10 sec (DRL10)
and eventually 15 sec (DRL15), in order to gain 0.1 ml of
supersaccharin solution (1.5% glucose/0.4% saccharin). If the rat
prematurely presses the lever (i.e. an incorrect response), no
reward is given and the timer resets. Efficiency, a measure of
impulsive action, is: rewarded responses / total (rewarded +
incorrect) responses. These studies used 7–8 animals/group.
Statistical Analysis: Data examining the effect of CIE on pain

states was assessed using an unpaired Student’s t test; the effect
of CIE on impulsive action was assessed using a 2-way mixed
design ANOVA (CIE between-subjects factor, Withdrawal Time
within-subject factor). Immunofluorescence data was analyzed
with a factorial ANOVA (Withdrawal Time between-subjects factor)
or an unpaired Student’s unpaired t test (knockdown validation).
Additionally, when ANOVAs proved significant, Newman Keul’s
was used for post-hoc comparisons.
Results: First, we found that CIE increased Sig-1R levels in the

ACC during both acute (8–10 hours) and more protracted (3–4
days) withdrawal [F(2,10) = 5.07, p < 0.05]. To study the functional
relevance of this change, we then used an adeno-associated virus
to knock down Sig-1R in the ACC, and found that it reversed CIE-
induced hyperalgesia [CIE x Virus: F(1,27) = 8.83, p < 0.01; CIE:
F(1,27) = 5.86, p < 0.05; Virus: F(1,27) = 2.90, n.s.)] . On the other
hand, Sig-1R knockdown in the ACC had no effect on either CIE-
induced allodynia [CIE x Virus: F(1,27) = 4.58, p < 0.05; CIE: F(1,27)
= 2.87, n.s.; Virus: F(1,27) = 0.43 n.s.] or increased impulsive action
[CIE x virus x day: F(6, 162) = 1.06, n.s.; CIE x virus: F(1,27) = 0.03, n.
s.; CIE x day: F(6,162) = 2.88, p < 0.05; CIE: F(1,27) = 4.35, p < 0.05);
Virus: F(1,27) = 0.65, n.s.; Day: F(6,162) = 2.96, p < 0.01].
Conclusions: These data give important insights into the role of

ACC and Sig-1R in alcohol addiction and associated pain states,
and may lead to the development of novel pharmacological
treatments for AUD.
Keywords: Alcohol, Pain, sigma-1 receptor
Disclosure: Nothing to disclose.

T162. HDAC5 in the Medial Prefrontal Cortex Regulates Drug
Self-Administration and Seeking

Sarah Barry*, Derek M. DeVries, Brandon Hughes, Daniel J.
Wood, Makoto Taniguchi, Chase Walton, Christopher Cowan

Medical University of South Carolina, Charleston, South Carolina,
United States

Background: Substance use disorder results in epigenetic alterations
in brain regions critical to motivated behavior. Preclinical models of
substance abuse have established that epigenetic changes underlie
aspects of drug-taking and relapse to drug-seeking behaviors. These
drug-induced changes in gene expression have been shown to
promote drug seeking or to develop as a compensatory mechanism
to oppose drug-mediated neuroadaptations. The neurocircuit
originating in the prelimbic (PrL) subdivision of the medial prefrontal
cortex (mPFC) and projecting to the nucleus accumbens (NAc) is
heavily implicated in drug-seeking behavior. Recent work in our lab
has functionally implicated the epigenetic enzyme, histone deace-
tylase 5 (HDAC5), in drug seeking behaviors. HDAC5 is a class IIa
HDAC that is shuttled in and out of the cell nucleus in an activity-
dependent manner, and delayed nuclear accumulation of HDAC5
after cocaine exposure serves as a ‘brake’-like mechanism to limit

drug-mediated changes in transcription and subsequent long-term
neuroadaptations related to drug seeking behavior. Overexpression
of a nuclear-localized HDAC5 in the NAc reduces both cocaine and
heroin seeking following drug self-administration. However, the role
and regulation of HDAC5 in critical motivational NAc afferents, such
as the mPFC, has not been investigated. The goal of these studies is
to examine drug-mediated regulation of HDAC5 in mPFC subregions
and the functional role that HDAC5 plays in drug acquisition and
seeking behaviors.
Methods: To test the functional role of HDAC5 in drug seeking

behaviors, we employed a preclinical model of drug-use, rodent
intravenous drug self-administration. Prior to self-administration,
rats were intracranially infused with viral vectors expressing a
nuclear-localized HDAC5 mutant or control in the PrL cortex and
subsequently underwent cocaine self-administration, a week of
forced abstinence, and extinction and reinstatement tests. To
assay the effect of an abstinence period on these behaviors, a
separate group of rats underwent extinction tests after only 24
hours of abstinence. To examine how cocaine may regulate
HDAC5 subcellular localization, we immunohistochemically exam-
ined HDAC5 distribution following non-contingent drug adminis-
tration by comparing cytoplasmic to nuclear expression. Ongoing
studies using chemogenetic regional- (PrL) and pathway- (PrL-
NAc) specific manipulations are aimed at understanding the role
of the PrL in drug-seeking on extinction day one and following
cue-induced reinstatement, adding to the previous pharmacolo-
gical and optogenetic assays of this question.
Results: We found that the overexpression of nuclear HDAC5 in

the PrL cortex (but not a separate subregion of the mPFC, the
infralimbic cortex) reduced cocaine-seeking on Extinction Day 1,
but not cue- or cocaine-primed seeking. We hypothesized that
nuclear-HDAC5 was preventing abstinence-mediated changes in
transcription that later contributed to the reduction in drug-
seeking on Extinction Day 1. However, we found that nuclear-
HDAC5 significantly suppressed Extinction Day 1 seeking even
after only 24 hours of abstinence. We then sought to understand
how cocaine is regulating HDAC5 in the PrL cortex. Our
preliminary evidence indicates that following non-contingent
cocaine injections, cocaine alters HDAC5 subcellular localization
in the PrL cortex in comparison to saline-injected controls.
Ongoing studies examining the role of the PrL in drug-seeking
on Extinction Day 1 indicate the importance of pathway-specific
manipulations, and will contribute to our interpretation of nuclear-
HDAC5’s specific reduction of drug-seeking on Extinction Day 1.
Conclusions: Our findings suggest that nuclear HDAC5 suppresses

drug-seeking in a region- and relapse modality-specific manner, and
in the PL, it suppresses seeking behavior independent of a function
during extended abstinence. As such, nuclear HDAC5 might block
formation of specific memories linking the drug taking context (but
not discrete cues) to drug reward. Ongoing and planned studies are
aimed at understanding the specific neural circuits underlying drug-
seeking on Extinction Day 1, and how nuclear HDAC5 in the PrL
cortex interfaces with input-specific plasticity processes that encode
drug memories and regulate drug seeking behavior. Our findings
contribute to the understanding of drug-mediated epigenetic
alternations in motivationally relevant structures, and the functional
contribution of a specific epigenetic enzyme, HDAC5, to drug-seeking
behaviors.
Keywords: Epigenetics, mPFC, Drug Addiction, HDAC5,

Extinction
Disclosure: Nothing to disclose.

T163. Sex Differences in the Responsiveness of Rat NAc
Astrocytes to Cocaine Self-Administration

Ronald Kim*, Anze Testen, Natalie Brown, Han Wang, Emily
Witt, Matthew Gastinger, Kathryn J. Reissner
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National Institute of Neurological Disorders and Stroke (NINDS),
Bethesda, Maryland, United States

Background: Neurobiological adaptations in the nucleus accum-
bens (NAc) following withdrawal from drug use are associated
with vulnerability to relapse. Among the identified changes in the
NAc is decreased expression of the glutamate transporter GLT-1.
Because GLT-1 is primarily expressed on astrocytes, an important
and related question emerges regarding what other adaptations
occur in astrocytes following drug use. Recent studies indicate
that short-access (ShA) cocaine self-administration and extinction
training in rats leads to a decrease in the surface area, volume, and
synaptic colocalization of NAc astrocytes (Scofield et, 2016; Testen
et al., 2018). However, it is currently unknown if these findings
extend to other preclinical models of cocaine self-administration,
such as the incubation of cocaine craving model. Moreover, it is
unknown if the changes in NAc GLT-1 expression and/or
astrocytes are observed in female rats.
Methods: To address these questions, high-resolution confocal

imaging of NAc astrocytes was performed following long-access
(LgA, 6-hours/day) cocaine self-administration followed by 45 days
of abstinence, in both male (n = 10 saline; n = 10 cocaine) and
female (n = 12 saline; n = 12 cocaine) rats. The structural
complexity of NAc astrocytes was further assessed using a
branching pattern analysis. The peripheral processes of astrocytes
were traced in order to construct a high-fidelity wire model.
Individual wire models were then analyzed by a custom-made
MATLAB script, capable of mapping and classifying individual
branching nodes, as well as performing a Scholl analysis. For all
astrocyte imaging data, a nested ANOVA was used for statistical
analysis. For assessment of GLT-1 expression, similarly to previous
studies that characterized changes in NAc GLT-1 expression in
male rats following LgA/abstinence (Kim et al., 2018; Fischer-Smith
et al., 2012), NAc GLT-1 protein and mRNA levels were assessed in
female rats using Western blot (n = 16 saline; n = 15 cocaine) and
qPCR (n = 17 saline; n = 22 cocaine). For both Western blot and
qPCR data, a two-tailed unpaired t-test was used to conduct
statistical analysis.
Results: Results indicate that following LgA/abstinence, astro-

cytes in the NAc of male rats show marked decreases in surface
area, volume and colocalization with the post-synaptic marker
PSD-95 (p < 0.05). However, these changes were not observed in
female rats. Furthermore, in male rats, the branching complexity
of NAc astrocytes was significantly decreased following LgA/
abstinence (p < 0.05). Importantly, compared to the changes in
branching complexity following ShA/extinction, this decrease in
branching complexity is more pronounced following LgA/absti-
nence. Moreover, despite known decreases in GLT-1
subsequent to cocaine self-administration in male rats, NAc GLT-
1 expression was not downregulated following LgA/abstinence in
female rats.
Conclusions: These results indicate sex differences in the

cocaine-induced changes in NAc astrocytes. In male rats, NAc
astrocytes exist in an atrophic state following prolonged
abstinence from LgA cocaine self-administration, associated with
decreased synaptic colocalization. This retracted phenotype
signifies a cellular adaptation that occurs during abstinence and
may have implications for synaptic correlates of cocaine incuba-
tion. However, in female rats, other mechanisms and cellular
adaptations may contribute to the incubation of cocaine craving.
These results also indicate that in male rats, compared to ShA/
extinction, the changes in NAc astrocytes are more extensive
following LgA/abstinence. This includes greater decreases in
surface area, volume, synaptic co-localization and branching
complexity of NAc astrocytes. These results also highlight a
correlation between the cocaine-induced changes in NAc astro-
cytes and the cocaine-induced downregulation in NAc GLT-1
expression. Whereas male rats show changes in NAc astrocytes

and GLT-1 expression that are more pronounced following LgA/
abstinence, none of these changes are observed in female rats.
Whether this relationship is merely correlational or mechanistically
linked remains to be studied.
Keywords: Astrocytes, Cocaine Self-Administration, Cocaine Sex

Differences, GLT-1
Disclosure: Nothing to disclose.

T164. A Shared Epigenetic Modulator Between Sexes that
Drives Adult Anxiety After Adolescent Alcohol Exposure

John Bohnsack*, Huaibo Zhang, Subhash Pandey

University of Illinois at Chicago, Chicago, Illinois, United States

Background: Adolescent alcohol exposure increases the risk 5-7
times of developing an alcohol use disorder (AUD) or psychiatric
disorder later in life. Individuals with AUD are 40–60% likely to also
have a comorbid anxiety disorder. However, the exact molecular
mechanisms that drive either anxiety or alcohol use disorder are
still poorly understood. We recently discovered that the epigenetic
enzyme enhancer of zeste homolog 2 (EZH2) is involved in
epigenetically remodeling the synaptic activity response element
(SARE) of the activity-regulated cytoskeleton associated protein
(Arc) in the amygdala of individuals with AUD who began drinking
before the age of 21. Here we used a rat model of adolescent
intermittent alcohol exposure (AIE) that has recapitulated an
anxiety-like phenotype to determine the role of EZH2 in mediating
changes that are produced by adolescent alcohol exposure and
persist until adulthood.
Methods: prague Dawley rats from both sexes were given

either intermittent (2days on/off) ethanol (2g/kg, AIE) or saline
(0.9% NaCl, AIS) from postnatal day 28 to 41 then allowed to grow
to adulthood (PND 92 to 112). Rats then underwent stereotaxic
surgery and were bilaterally cannulated to central nucleus of the
amygdala (CeA). Following one week of recovery, rats were
infused with either a negative control siRNA or an siRNA specific to
EZH2 then 24hrs later assessed in elevated plus maze (EPM).
Following anxiety-like behavior, brains were collected for evalua-
tion of mRNA (qPCR), chromatin immunopreciptations (ChIP) or
gold-immunolabeling using standard methods.
Results: We evaluated if there were regional differences in

expression of EZH2 after AIE in the amygdala. We found using
gold immunolabeling that EZH2 is increased in both the CeA and
medial nucleus of amygdala (MeA) of both sexes in AIE treated
rats (p < 0.001, n = 5/group) and that knockdown of EZH2
prevents this increase. Since we have previously demonstrated in
human postmortem amygdala that EZH2 is involved in regulating
ARC expression, we evaluated Arc mRNA using qPCR and found
that EZH2 knockdown in the CeA prevents decreases in Arc in
both sexes (p < 0.001, n = 6–8/group). Our results in human
postmortem brain suggested that EZH2 controls ARC expression
by depositing repressive H3K27me3 at the ARC synaptic activity
response element (SARE) site, so we used ChIP assays to
determine if this occurred in rats as well. In both sexes, there
was an increase in H3K27me3 at the Arc SARE following AIE (p <
0.001, n = 5–7/group) and increased binding of EZH2 (p < 0.001,
n = 5–7/group) which was prevented by the infusion of EZH2
siRNA (p < 0.001, n = 5–7/group). To determine if these changes
had functional consequences on protein expression, we evaluated
Arc in the CeA and found that EZH2 knockdown in the CeA
prevents decreased Arc protein expression in the CeA (p < 0.001,
n = 5/group). In addition, we observed that in both male and
female rats, knockdown of EZH2 prevents heightened anxiety-like
behavior as measured by the EPM (p < 0.0001, n = 6–7).
Conclusions: Our results indicate that EZH2 is dysregulated in

both adult male and female rats in the CeA that have been

ACNP 59th Annual Meeting: Poster Session II

257

Neuropsychopharmacology (2020) 45:170 – 277



exposed to ethanol during adolescence. AIE-induced changes
EZH2 cause epigenetic remodeling at the Arc SARE that result in
decreased Arc expression which can be reversed by the knock-
down of EZH2 in the CeA. Knockdown of EZH2 in the CeA also
prevents anxiety-like behavior induced by AIE in adulthood. Taken
together these results demonstrate a shared epigenetic target
between the sexes that contributes to adult psychopathology
after adolescent alcohol exposure. This suggests that EZH2 may be
a potential target for the treatment of early onset alcohol use
disorders and associated anxiety behaviors (Supported by NIH-
NIAAA P50AA022538, UO1AA019971, U24AA024605 and by the
VA Merit and Senior Research Career Scientist award to SCP and
F32AA027410 to JPB).
Keywords: Epigenetics, Alcohol and Substance Use Disorders,

Adolescent Anxiety, Sex Differences
Disclosure: Nothing to disclose.

T165. D1R-MSN Specific Role of HDAC3 Within the NAc in
Regulating Cocaine-Induced Plasticity

Rianne Campbell*, Joy Beardwood, Lilyana Pham, Eni Kramar,
Agatha Augustynski, Om Chitnis, Alberto Lopez, Jude Banihani,
Dina Matheos, Marcelo Wood

University of California, Irvine, Irvine, California, United States

Background: Cocaine utilizes mechanisms of synaptic plasticity
and transcription within the nucleus accumbens (NAc) to promote
drug-seeking behaviors. Recent work from the field demonstrates
that this occurs in a cell-type specific manner, often differentially
affecting mechanisms of plasticity within the two major output
cell types of the NAc: dopamine D1- (D1R) vs D2-receptors (D2R)
medium spiny neurons (MSNs)1–3. Consistent with this, activation
of D1R- and D2R- MSNs drive opposing behavioral responses to
cocaine4. However, it is unclear how cocaine affects epigenetic
mechanisms within D1R- vs D2R- MSNs to promote cocaine-
associated behaviors5,6. Prior work from our lab demonstrates
that the histone deacetylase 3 (HDAC3) is a critical negative
regulator of cocaine-induced gene expression and cocaine-
associated memory formation7,8. Thus, we hypothesized that
HDAC3 plays a cell-type specific role in the NAc that regulates
responses to cocaine.
Methods: First, we examined the role of HDAC3’s deacetylase

activity by globally overexpressing a deacetylase-dead HDAC3
point mutant (HDAC3-Y298H-v5) using AAV vectors in the NAc of
mice. With this approach, we tested the role of HDAC3 activity in
regulating cocaine-induced gene expression, synaptic plasticity
and behaviors. In subsequent studies, using Cre-dependent viral
vectors of HDAC3-Y298H-v5 in combination with D1R- and D2R-
Cre driver mice, we studied how cell-type specific manipulations
of HDAC3’s activity within the two major cell types of the NAc
affects molecular, cellular and behavioral response to cocaine.
Results:We found that globally disrupting HDAC3’s deacetylase

activity altered cocaine-induced changes in gene expression and
synaptic plasticity, Expression of the transcription factor Nr4a2 was
particularly affected (p = 0.0024) and reversed cocaine-induced
changes in synaptic plasticity within the NAc, (p = 0.0032).
However, global overexpression of HDAC3-Y298H-v5 had no effect
on cocaine-induced behaviors, including cocaine-conditioned
place preference (p = 0.565). These findings suggested that there
may be differential roles of HDAC3 within the cell types of the
NAc. Following this, we observed the expression profile of HDAC3
following cocaine exposure within these two MSN cell types Next,
we found that D1R-, but not D2R-MSNs, enhances cocaine-
induced conditioned place preference in both males and females.
D1R-MSN specific disruption of HDAC3 activity also altered
cocaine-seeking following intravenous cocaine self-administration.

Conclusions: Together, these results illustrate how cocaine
alters mechanisms of histone acetylation to induce cell-type
specific changes in plasticity to regulate drug-associated
behaviors.
Keywords: Epigenetics, Cocaine, Nucleus Accumbens
Disclosure: Nothing to disclose.

T166. Afferent-Associated Morphological Plasticity of
Astrocytes in the Ventral Pallidum After Heroin Self-
Administration

Anna Kruyer*, Ariana Angelis, Davide Amato, Peter W. Kalivas

Medical University of South Carolina, Charleston, South Carolina,
United States

Background: GABAergic projections from the nucleus accumbens
core (NAcore) to the dorsolateral ventral pallidum (dlVP) are
necessary for reinstated cocaine seeking induced by cocaine-
associated cues. While the dlVP receives input from both D1 and
D2 receptor expressing medium spiny neurons (MSN) in the
NAcore, D2 MSN projections inhibit motivated behavior, including
cued drug seeking, and exhibit enhanced LTD after chronic
cocaine use and withdrawal1. Astrocytes are situated perisynapti-
cally and are capable of uptake and release of both GABA and
glutamate and are therefore capable of modulating synaptic
physiology. Moreover, astrocytes in the NAcore have been shown
to exhibit cue-induced morphological plasticity that attenuates
heroin seeking.
Methods: In order to study the contribution of astrocytes to

synaptic plasticity in the dlVP, we examined astroglial proximity to
the synaptic marker synaptojanin 1 (synj1) and astroglial
expression of the GABA transporter GAT-3 in the dlVP using
confocal microscopy after extinction from heroin self-
administration and during reinstated seeking. We also examined
whether astroglial adaptations induced by heroin use and
withdrawal were associated with D1 or D2 MSN terminals in the
dlVP.
Results: We found a constitutive upregulation of GAT-3 in dlVP

astrocytes after extinction from heroin self-administration that co-
registered with synj1, but was not selectively associated with D1
or D2 terminals. During 15-min of exposure to heroin-associated
cues, elevated lever pressing coincided with a reduction in GAT-3
co-registration with synj1, despite no change in synj1 expression
overall. Interestingly, astrocyte proximity to D1 terminals was
increased during heroin extinction, but returned to baseline levels
during 15-min of cued heroin seeking. The same association was
not observed at D2 terminals.
Conclusions: Our findings demonstrate that astrocyte pro-

cesses exhibit morphological plasticity in a pathway-selective
manner within a single brain region.
Keywords: Astrocyte-Neuron Interaction, GAT-3, Ventral Pallidum
Disclosure: Nothing to disclose.

T167. Mom Power Parenting Treatment for Substance Use
Disorders and With Online Groups

Maria Muzik, Katherine Rosenblum, S. Shaun Ho, James Swain*

Renaissance School of Medicine, Stony Brook University, South
Setauket, New York, United States

Background: Rooted in Attachment Theory and trauma-
informed clinical work, Mom Power (MP) is an evidence-based,
manualized, 13-session (10 group + 3 individual) intervention
delivered across 12-weeks. MP was developed as a
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transdiagnostic intervention for mothers of infants and toddlers
(<age 3) exposed to a broad range of adversities, including
postpartum depression, interpersonal trauma (childhood or as
an adult), post-traumatic stress disorder (PTSD), social isolation,
young age, and poverty. MP improves sensitive caregiving,
parental stress and depression. MP targets emotion regulation
and promotes maternal reflective function, correcting distorted
parenting beliefs, improving parenting sensitivity, and reducing
depression, anxiety and stress. In addition, MP counteracts social
isolation by capitalizing on peer group structure with facilitated
group activities and tight case management. We have evidence
that that MP modulates maternal brain responses to own-baby
cry and own-child mirroring, that are important for maternal
sensitivity, according to stress. However, MP has not been even
been established to be feasible for mothers with substance use
disorders (SUD) or during pandemic circumstances. The United
States is currently amid an Opioid Use Disorder (OUD) epidemic
for pregnancies, with incidence quadrupling from 1999 to 2014.
Subsequent parenting, a key determinant of human health, is
adversely affected by OUD and commonly comorbid SUD. Even
with current “gold standard” medication assisted therapies such
as buprenorphine treatment (BT) to prevent withdrawal,
mothers with BT/OUD are at high risk for relapse and associated
problems of stress, depression, polysubstance use and mala-
daptive parenting behaviors that can lead to child maltreatment,
costly foster care utilization and adverse child developmental
outcomes. Barriers to in-person attendance for therapy, which
are particularly serious for postpartum mothers, are com-
pounded during pandemics, such as the currently with COVID-
19. Effective additional treatments for mothers with SUD are
sorely needed.
Methods: We conducted two pilot studies. First, we studied MP

among women with SUD (45% OUD), using a pilot pre/post-
design. Of the 30 women recruited, N = 21 (attrition 30%)
completed the program and provided post-intervention data on
depression, PTSD and self-rated usefulness. Second, we piloted a
MP-virtual version for non-OUD high risk mothers utilizing an
iterative process and incorporating feedback from participants
and providers. Core components of MP are retained, such as the 3
individual and 10 group session format delivered across 12 weeks,
and the weekly brief phone encounters for case management.
However, all sessions were delivered virtually through videocon-
ferencing, and recorded. An additional feature for the virtual
version, is a facilitated social media interaction, by which
group facilitators moderate a closed Facebook group for
participants and encourage communication outside of group
sessions. Group facilitators also post activities and questions
related to the curriculum each week, and actively invite (and
incentivize through weekly prize drawing) mothers to participate
in group chat. Social media features were added based on
feedback from participants.
Results: First for mothers with SUD, MP graduates improved

significantly in depressive symptoms (Edinburgh Postnatal
Depression Scale, EPDS, score range 0–30; > 13 probable clinical
depression) with a pre/post change of 4.84 (t = 3.29, p <.05). Also,
PTSD symptoms (National Women’s Study PTSD Module NWS-
PTSD, score range 0–17) improved with a pre/post change of 2.75
(t = 1.75, ns). Finally, participants rated the pilot intervention as
useful for gaining parenting skills and abstaining from substances,
although craving ratings and urine drug tests were not performed.
With the virtual curriculum, preliminary results suggest satisfaction
was high (90+% “strongly agree/agree” that MP virtual was
helpful and feasible).
Conclusions: Mothers with SUD, including OUD, can be

recruited and provided MP parenting intervention. Preliminary
results suggest that MP works to reduce stress and
anxiety symptoms for mothers with SUD. MP also helps with
parenting skills, reduces SUD relapse risk factors and may affect

substance use and child development outcomes. A virtual
online curriculum for MP parenting intervention is also helpful
and feasible. These results are consistent with established
benefits of MP for non-OUD groups on sensitive caregiving,
parental stress and depression; and reports that MP modulates
maternal brain responses according to reduced stress, to own-
baby cry and during empathic mirroring with own-baby
pictures. Further work is needed to establish brain-based
therapies for addition to medication assistant therapy for
mothers with SUD.
Keywords: Substance Abuse Disorders, Psychotherapy, Mater-

nal Depression, Parenting Distress, Posttraumatic Stress Disorder
Disclosure: Nothing to disclose.

T168. Longitudinal Effects of Acute Cannabis Exposure on
Automobile Driving Behavior in a Naturalistic Simulated
Environment

Godfrey Pearlson*, Erwin Boer, Nicholas Ward, Gregory Book,
Michael Stevens, Catherine Boyle, Muhammad Mubeen, Shash-
wath Meda

Olin Research Center, Hartford, Connecticut, United States

Background: Driving is a complex day-to-day activity that
employs a variety of cognitive and psychomotor functions in
harmony, many of which are known to be affected acutely by
cannabis (CNB) intoxication which could in turn pose a significant
public health risk. The recent legalization of both recreational and/
or medicinal marijuana in several states has thus created an
urgent need to better understand the effects of CNB on such
functions in the context of driving. The present study employs a
longitudinal, double-blind, placebo- 2 x active dose study to
investigate the effects of CNB on a variety of driving-related
behaviors in a controlled, naturalistic simulated environment.
Although the study involved brain imaging, the current analysis
focuses only on driving behaviors.
Methods: The current study employed N = 37 subjects (N = 25

male, frequent cannabis users, mean age 24.25 + 7.01), each
exposed to a placebo, low and high dose of CNB on three separate
days. On each day, following a single acute inhaled 0.5 g dose of
either 0%, 8% or 13% THC from NIDA-supplied dried cannabis
flower via a desktop vaporizer, subjects drove a virtual driving
simulator (RTI Sim Vehicle platform) three times inside an MRI
scanner and once out of scanner, randomized, and dispersed
throughout an eight-hour daily period. During each driving
session a three distinct real-time behavioral tasks corresponding
to lane-keeping following simulated wind gusts, lead car
following, and safe overtaking were assessed and computed
using custom Matlab scripts. Data were analyzed using a mixed
model framework in SPSS v24 which included dose, session,
instrument (desktop v MRI), dose*session, dose*instrument and
session*instrument as primary factors, covarying for age and sex.
Results: Intoxicated subjects made significantly fewer gas pedal

corrections (p < 0.02) during the car following task and similarly
fewer corrections to the steering reversal rate (p < 0.02) during the
lane weaving task, suggesting reduced awareness under the
influence of cannabis. In addition we found that several variables
showed significant differences in terms of estimates captured
throughout the day suggesting that overall risk taking lessened as
the day progressed and CNB effects wore off. Also, data trends
suggested that under the high dose subjects took longer to return
to baseline from their impaired driving patterns. Key metrics that
showed such significant session effects included mean headway
(p < 0.001) and time to collision (p = 0.02) from the car following
task, deviation of lane position (p = 0.03) from the lane weaving
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task, median gap (p = 0.02) and overtaking speed (p = 0.02) from
the overtaking task. Although many driving measurements
differed depending on whether driving was done in MRI or at a
desktop setting, these differences had no relationship to different
drug dose levels.
Conclusions: In summary, key driving functions affected under

higher doses of CNB largely agreed with the current cross
sectional literature. In general, daily variations in driving behavior
suggest that most of the impaired driving took place within 3
hours after drug exposure, which might have important implica-
tions for real life driving situations. Our preliminary analyses yield
numerous metrics that changed throughout the day, suggesting
broad-based impairment on many metrics commonly used to
quantify driving performance and risk.
Keywords: Cannabis Use, Simulated Driving, Acute Effects,

Public Health
Disclosure: Elsevier- Schiz Res. Deputy Editor: Advisory Board

(Self); Cannabinoid Medicine Studies: Consultant (Self)

T169. Social Information Processing in Substance Use
Disorders: Insights From an Emotional Go-Nogo Task

James Bjork*, Lori Keyser-Marcus, Jasmin Vassileva, Tanya
Ramey, F. Gerard Moeller

Virginia Commonwealth University, Richmond, Virginia, United States

Background: Social function abnormalities are both a risk factor
and a result of Substance Use Disorder (SUD). Accordingly, social
information processing (SIP) deficits in SUD range from impaired
perception of emotion in faces to impaired perspective taking. Of
interest is probing SIP in SUD in the context of the increased
impulsivity common in persons with SUD.
Methods: We administered an emotional go-nogo task (EGNG)

to 31 individuals with Cocaine Use Disorder (CoUD), 31 individuals
with Cannabis Use Disorder (CaD), 79 individuals with Opioid Use
Disorder (OUD), and 58 healthy controls. Participants were
instructed to respond to emotional faces (Fear/Happy) and
withhold responses to expressionless faces in some task blocks,
with the reverse instruction in others.
Results: Emotional faces generally elicited more approach

behavior. First, emotional face targets elicited faster RT and higher
hit rates in all groups, with the exception of slower RT and
reduced hits to fearful faces as targets in OUD. Second, emotional
faces as non-targets elicited more “false alarm” commission errors,
especially in CaUD participants. False alarms were greater in CoUD
participants than in age/sex-matched controls in most task
conditions, with no differences in hit rates or RT. Across all
participants, each of SUD group and attentional bias toward
fearful face targets (faster RT relative to expressionless face
targets) correlated with anxiety symptomatology after controlling
for age and sex.
Conclusions: These data indicate differences in SIP between

persons with SUD as function of substance of choice, and reflect
earlier findings suggestive more mood symptomatology in OUD
and more motor impulsivity in CoUD.
Keywords: Impulsivity, Social Attention, Substance Use Dis-

order, Signal Detection, Social Processing
Disclosure: Nothing to disclose.

T170. Ventral Pallidum GABA Neuron Activity is Necessary and
Sufficient for Cue-Induced Reinstatement of Opioid Seeking
After Voluntary Abstinence

Mitchell Farrell*, Qiying Ye, Yiyan Xie, Stephen Mahler

University of California, Irvine, Irvine, California, United States

Background: Opioid addiction is a chronic relapsing disorder, and
brain circuits involved in relapse are still poorly understood.
Addicted people often cease their drug use due to mounting life
consequences, only to succumb to temptation when encounter-
ing cues and contexts previously associated with drug use. Such
self-imposed abstinence, despite its prevalence in the addiction
cycle, is rarely modeled in rodent addiction experiments. However,
prior studies in rats have shown that distinct neural circuits are
involved in reinstatement of drug seeking after voluntary, relative
to involuntary abstinence. We and others have shown that ventral
pallidum (VP), and specifically VP GABAergic (VP GABA) neurons,
mediate highly motivated reward seeking, as is characteristic of
addiction. Here, we tested the functions of these neurons in a
translationally-relevant model of relapse to opioid seeking after
voluntary abstinence.
Methods: Male and female GAD1:Cre rats and wildtype

littermates were implanted with jugular catheters and infused
with Cre-dependent inhibitory Gi-coupled DREADDs (n = 13;
AAV2-DIO-hM4Di-mCherry), excitatory Gq-coupled DREADDs (n =
13; AAV2-DIO-hM3Dq-mCherry), or a control vector (n = 16; AAV2-
DIO-mCherry) into VP bilaterally. Rats were trained to lever press
for i.v. remifentanil (1.9 μg/50 μL), a short-acting μ opioid receptor
agonist, for 14 days in a specific (“safe”) context. Drug was
administered coincident with a light/tone cue during training.
Next, rats were moved to a distinct “punishment context”, where
presses yielded remifentanil+cues, but also a 50% chance of co-
administered footshock. Footshock intensity began at 0.30 mA on
session 1, and was increased by 0.15 mA each day until abstinence
criterion was met (<25 active lever presses on 2 consecutive
sessions). After achieving abstinence criterion in the punishment
context, we tested how VP GABA DREADD inhibition or activation
affected remifentanil seeking by administering counterbalanced 5
mg/kg CNO and vehicle injections 30 min prior to the following
tests: 1) safe context with and 2) without response contingent
cues and 3) punishment context with and 4) without response
contingent cues. In the same rats, we also tested VP GABA
inhibition and stimulation effects on remifentanil self-
administration. Data were analyzed with mixed model ANOVAs
with Tukey posthocs, or t-tests as appropriate.
Results: We found bidirectional effects of VP GABA neuron

manipulations on reinstatement behavior, in that engagement of Gi-
DREADDs attenuated remifentanil reinstatement (p < 0.05) whereas
engagement of Gq-DREADDs augmented reinstatement (p < 0.05).
Notably, reinstatement effects were dependent upon the presence
of discrete, response-contingent cues, with no effects of VP GABA
neuron manipulations observed during context-only reinstatement
tests. We also show that Gq-stimulation of VP GABA neurons
increased reinstatement even in the punishment context that was
previously paired with footshock.
Conclusions: Our results show that chemogenetic VP GABA

neuron inhibition reduced remifentanil reinstatement, whereas
chemogenetic stimulation augmented reinstatement, likely by
influencing the salience of discrete drug-paired cues. These results
reveal a novel necessary and sufficient role for VP GABA neurons
in translationally-relevant opioid seeking during relapse.
Keywords: Opioid Addiction, Punishment, Reinstatement
Disclosure: Nothing to disclose.

T171. Contributions of Opioid Receptors to Striatal Dopamine
Release During Naloxone Precipitated Withdrawal

Ehsan Shokri Kojori*, Mika Naganawa, Vijay Ramchandani,
Dean Wong, Gene-Jack Wang, Nora Volkow
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National Institute on Alcohol Abuse and Alcoholism, Bethesda,
Maryland, United States

Background: There are more than 40000 annual fatalities in the
United States due to opioid overdoses. The non-selective opioid
antagonist naloxone is an effective intervention for preventing
overdose fatalities in opioid use disorder (OUD). Naloxone
antagonizes the effect of opioids on brainstem mu opioid
receptors (MORs) and restores breathing rhythms in opioid-
induced respiratory depression. Naloxone can also precipitate
withdrawal (NPW) in OUD individuals, which is a highly aversive
condition. Kappa opioid receptor (KOR) and MOR directly and
indirectly affect dopamine (DA) neurons in the midbrain, but KOR
could also affect striatal DA terminals. It is not known whether
striatal DA release during NPW is affected by opioid receptors in
the striatum. To address this, we studied the association between
pattern of striatal DA release during NPW and the striatal
distributions of MOR and KOR.
Methods: This study involved a retrospective analysis of 4

imaging datasets which included 50 PET sessions, collected on a
total of 40 participants. All participants provided written informed
consent. OUD participants (n = 10, 10 males, mean age = 41
years) had at least one-year history of continues opioid use (heroin
or methadone) and met DSM-IV criteria for opioid dependence.
OUD participants underwent two consecutive [11C]raclopride-PET
imaging sessions to measure D2/3 receptor (D2/3R) availability.
The first scan was performed following IV administration of 3 ml
saline (SAL) and the second session was performed after 2 hours
with IV administration of naloxone (NAL) in 0.1 mg/kg increments
(every 4 min) until withdrawal symptoms appeared. Average
percent change in D2/3R availability from NAL to SAL conditions
was estimated across OUD participants to index NAL-DA release
within each cubic striatal subregion (6-mm isotropic). NAL-DA
release across striatal subregions was compared to baseline MOR
availability measured with [11C]carfentanil-PET (n = 10, 6 males,
mean age = 34 years), KOR availability measured with [11C]-
LY2795050 (n = 10, 10 males, mean age = 29 years), and D2/3R
availability measured with [11C]raclopride-PET (n = 10, 10 males,
mean age = 30 years), all in healthy controls.
Results: NPW resulted in a significant increase in DA release

predominantly in the dorsal striatum (pFWE < 0.05). Across striatal
subregions (n = 70), MOR and KOR availability were highly
correlated (r = 0.8). 3R availability/3R availability was not
associated with MOR or KOR availability across striatal subregions
(p > 0.3). Pattern of NAL-DA release across striatal subregions was
not significantly associated with baseline D2/3R (p = 0.6) but was
negatively associated with MOR (r = −0.62, p < 0.0001) and KOR
availability (r = −0.81, p < 0.0001). Follow up analyses showed
that only striatal KOR availability remained significantly associated
with the pattern NAL-DA release after accounting for MOR and
D2/3R availability (p < 0.0001), where KOR accounted for an
additional 24% of variance in NAL-DA release across the striatal
subregions (p < 0.0001).
Conclusions: We document that pattern of striatal DA release

during NPW was inversely associated with MOR and KOR
distributions in the human striatum. The unique association
between NAL-DA release pattern and KOR was consistent with the
direct action of KOR on striatal DA terminals. In comparison, MOR in
the striatum may have an indirect role on DA terminals through its
action on striatal GABAergic interneurons. While much attention has
been given to the role of MOR in OUD, our findings highlight that
KOR is likely an important contributor to DA release during NPW in
the striatum, a key region in rewarding and aversive responses to
opioids and their withdrawal. The findings could be relevant for the
clinical management of acute opioid withdrawal.
Keywords: Opioid Addiction, Mu-Opioid Receptors, Kappa Opioid

Receptors, Stress-Induced Dopamine Release, Opioid Withdrawal
Disclosure: Nothing to disclose.

T172. Neurofunctional Domains in Alcohol Use Disorder
Predict Multiple Adverse Outcomes Linked to Addiction

Melanie Schwandt*, Laura Kwako, Vijay Ramchandani, Nancy
Diazgranados, Carlos Blanco, David Goldman

National Institute on Alcohol Abuse and Alcoholism, Bethesda,
Maryland, United States

Background: The Addictions Neuroclinical Assessment (ANA) is a
framework for assessing the heterogeneity of addiction, focusing on
the three domains of negative emotionality, executive function, and
incentive salience. We recently validated a three-factor model
corresponding to the ANA domains in a diverse clinical sample and
found the three factor domains to be highly correlated with one
another, suggesting that relationships of the domains to addiction-
related outcomes may involve both shared and specific effects.
Here, we assessed the dimensionality of the three-factor structure of
the ANA model using a bifactor latent variable model, in which all
items load onto a broad general factor as well as specific factors. We
then investigated associations of the general and specific factors
with a broad spectrum of addiction-related adverse outcomes using
structural equation modeling.
Methods: Participants included 1038 individuals (612 males,

426 females) ranging from non-drinking healthy volunteers to
heavy drinkers diagnosed with alcohol use disorder (AUD, n =
493). Participants were assessed on measures of impulsivity,
ADHD, personality, aggression, negative affect, and items related
to thoughts and desires to consume alcohol, which provided
indicator measures for the bifactor analysis that mirrored those
used in the previously validated three-factor model. Assessment of
adverse outcomes included recent alcohol consumption (Timeline
Follow-back), alcohol use disorder severity (Alcohol Use Disorders
Identification Test), smoking status, current life stress (Perceived
Stress Scale), quality of life (World Health Organization Quality of
Life), sleep (Pittsburgh Sleep Quality Index), pain (self-rating scale),
suicidal behavior (Columbia Suicide Severity Rating Scale) and
psychiatric disorders (Structured Clinical Interview for DSM-IV or
DSM-5). Bifactor analysis and structural equation modeling were
conducted in Mplus version 8.
Results: A bifactor model encompassing a general factor and

three specific factors of negative emotionality, executive function,
and incentive salience, provided good fit to the data (RMSEA =
0.06, CFI = 0.96, TLI = 0.94). Structural equation models adjusted
for age, sex, and race, indicated that the general factor was
significantly associated with all adverse outcomes. Specifically, the
general factor was associated with increased alcohol consumption
and AUD severity, higher perceived stress, self-rated pain, and
sleep impairment, reduced quality of life, being a smoker,
increased risk for current AUD, anxiety, mood, and other
substance use disorders, and a history of suicidal thoughts and
attempts. Some associations of the specific factors with adverse
outcomes were still observed after accounting for the general
factor, especially for measures of stress, quality of life, problem
drinking, and co-morbid anxiety.
Conclusions: Our analyses suggest that the ANA be viewed as a

multidimensional framework, with a broad general domain as well
as more specific domains of negative emotionality, executive
function, and incentive salience. These domains are clinically
relevant to addiction in that they exert both shared and specific
effects on adverse outcomes that are linked to addiction severity
and comorbidity. These findings highlight the value of the ANA for
assessing heterogeneity in the presentation and severity of
addictive disorders, including AUD, and providing information
that can be used to improve prevention and treatment.
Keywords: Alcohol and Substance Use Disorders, Addiction,

Clinical Neurobiology
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T173. Noradrenergic Dysfunction and Distinct Neural
Correlates of Recent Cocaine Use and Tonic Cocaine Craving:
Neuromelanin and Functional Brain Imaging

Wuyi Wang, Simon Zhornitsky, Thang Le, Sheng Zhang, Chiang-
shan Li*

Yale University School of Medicine, New Haven, Connecticut, United
States

Background: Although not as thoroughly investigated as
dopamine (DA), norepinephrine (NE) has also been consistently
implicated in cocaine-related reward processing (Freeman et al.,
2005; Freeman et al., 2008; Platt et al., 2007; Ventura et al., 2007;
Weinshenker and Schroeder, 2007). For instance, in squirrel
monkeys trained to stability for operant self-administration of
cocaine and then extinguished for drug seeking, priming of NE
transporter (NET) inhibitors reinstates drug seeking behavior
(Platt et al., 2007; see Weinshenker and Schroeder, 2007 for a
review). In rodents, noradrenergic agents have a robust effect
on the reinstatement of stimulant seeking (Weinshenker and
Schroeder, 2007). Also notable is a study demonstrating that
NET genetic polymorphism modulates subjective mood
responses to d-amphetamine in healthy individuals (Dlugos et
al., 2007). Although their functional consequences have yet to
be substantiated, the polymorphisms are located at the
transcription factor binding sites and thus likely to regulate
the expression of NET gene. Relatively little is known about
the effects of prolonged stimulant use on noradrenergic
neurotransmission. Post-mortem and animal studies provided
evidence in support of up-regulation of NET after
prolonged cocaine exposure (Beveridge et al., 2005; Macey et
al., 2003; Mash et al., 2005). Our recent studies similarly
demonstrated that NET is up-regulated in humans addicted to
cocaine (Ding et al., 2010) (Ding et al., 2010). Thus, many studies
have implicated noradrenergic (NA) dysfunction in cocaine
addiction. In particular, the NA system plays a central role in
motivated behavior and may partake in the regulation of
craving and drug use. Yet, human studies of the NA system are
scarce, likely hampered the difficulty in precisely localizing the
locus coeruleus (LC). The current study aimed to address this
issue.
Methods: Here, we used neuromelanin imaging to localize the

LC and quantify LC neuromelanin signal (NMS) intensity in 44
current cocaine users (CU; 37 men) and 59 non-drug users (NU; 44
men) at various thresholds of the peak. We also computed the
NMS of the ventral tegmental area/substantia nigra (VTA/SN) as a
contrast. We employed fMRI to investigate cue-induced regional
responses and LC functional connectivities, as indexed by
generalized psychophysiological interaction (gPPI), in CU. Imaging
data were processed by published routines and the findings were
evaluated with a corrected threshold, as in our previous work. We
evaluated how these neural measures were associated with
chronic cocaine craving, as assessed by the Cocaine Craving
Questionnaire (CCQ), and recent cocaine use in total grams over
prior month.
Results: Compared to NU, CU demonstrated higher LC NMS

intensity (but no differences in VTA/SN NMS intensity) for all
probabilistic thresholds defined of 50% to 90% of the peak. LC
NMS intensity was not correlated with years of or recent cocaine
use or CCQ score, with age, sex, alcohol and nicotine use severity,
each quantified by the Alcohol Use Disorder Identification Test
(AUDIT) and Fagerström Test for Nicotine Dependence (FTND).
Drug as compared to neutral cues elicited higher activations of
many cortical and subcortical regions, with cue activities and LC

connectivity in positive correlation with recent cocaine use, with
age, sex, AUDIT and FTND scores accounted for. Drug vs. neutral
cues also elicited “deactivation” of bilateral parahippocampal gyri
(PHG), with less deactivation and higher LC connectivity in positive
correlation with the CCQ score, with age, sex, AUDIT and FTND
scores controlled for in the regression.
Conclusions: The findings suggest that cocaine misuse may

induce higher neuromelaning signal intensity, suggesting neuro-
toxic effects on the LC. Although both related to cue-elicited LC
connectivity, recent cocaine use and chronic cocaine craving
appeared to be associated with distinct neural processes.
Together, these findings suggest noradrenergic dysfunction in
cocaine misuse and multiple and potentially distinct LC circuit
activities to support ill-adaptive psychological and behavioral
processes central to cocaine addiction.
Keywords: Cocaine, Norepinephrine, Locus Coeruleus,

Neuromelanin-Sensitive MRI, Cue Reactivity
Disclosure: Nothing to disclose.

T174. The Dynamic, Methamphetamine-Induced hnRNP H
Interactome Reveals Synaptic RNA-Binding Targets Associated
With Reduced Dopamine Release and Behavior

Qiu Ruan, Michael Rieger, Jiayi Wu Cox, Jacob Beierle, Emily
Yao, Amarpreet Kandola, Melanie Chen, Julia Kelliher, Richard
Babbs, Peter Ash, Benjamin Wolozin, Karen Szumlinski, William
Johnson, Joseph Dougherty, Camron Bryant*

Boston University School of Medicine, Boston, Massachusetts, United
States

Background: The genetic factors underlying risk for psychosti-
mulant addiction remain largely unknown. We previously identi-
fied Hnrnph1 (heterogeneous nuclear ribonucleoprotein H1) as a
quantitative trait gene and a set of 5’ UTR functional variants
underlying reduced methamphetamine (MA) behavioral sensitivity
and hnRNP H protein expression. Mice with a heterozygous
frameshift deletion in the first coding exon of Hnrnph1 (H1 MUT)
(containing the first RNA-binding domain) showed reduced MA-
induced locomotor activity, reward, reinforcement, and dopamine
release. H1 MUT also showed a two-fold increase in synaptosomal
localization of hnRNP H and proteomic evidence for mitochondrial
dysfunction.
Methods: To inform the mechanism of hnRNP H dysfunction in

MA-induced dopamine release and behavior, we surveyed mRNA
targets of hnRNP H via cross-linking immunoprecipitation coupled
with high-throughput sequencing (CLIP-seq) in striatal tissue at
baseline and at 30 min post-MA (2 mg/kg, i.p.). To integrate
identification of hnRNP H targets with the impact of Hnrnph1
mutation and MA on downstream gene expression and splicing,
we analyzed the transcriptome of the parallel samples used in
CLIP-seq.
Results: Analysis of read distribution across gene subregions

revealed enriched binding of hnRNP H in gene introns, comprising
about 70% of the total distribution and confirming its role in
splicing. The high precision of CLIP-seq allows us to investigate
properties of hnRNP H binding sites. De novo motif discovery of
significant hnRNP H-associated binding sites using the Homer
database detected the top over-represented motif to be Guanine-
rich. These findings are consistent with previous characterization
of hnRNP H in cultured cells, supporting successful isolation of
hnRNP H-bound RNAs in mouse striatal tissue. The genome-wide
identification of hnRNP H targets using CLIP-seq in the mouse
striatum of C57BL/6J revealed targets important for synaptic
function. MA treatment induced opposite changes in binding of
hnRNP H to mRNAs between H1 MUT versus WT mice. More
specifically, in response to MA, an RNA target that is more likely to
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show increased binding to hnRNP H in the H1 MUT is more likely
to show decreased binding in WT, demonstrating a negative
correlation between hnRNP H binding dynamics between H1 MUT
versus WT in response to acute MA. This dominant negative
relationship in hnRNP H binding to RNA target was most robust in
3’UTR targets in mRNAs that were enriched for synaptic proteins
involved in dopamine release and psychostimulant excitatory
synaptic plasticity. From the transcriptome analysis of parallel
samples, a total of 19 genes showed a Genotype x Treatment
interaction in differential expression, with 6 of these 19 genes
(including Cacna2d2) overlapping with hnRNP H targets identified
in CLIP-seq. Two of the six genes were the long non-coding RNA
Malat1 and microRNA Mir124a, both of which are involved in
regulation of genes important for synapse formation and synaptic
transmission. RNA-binding, transcriptome and spliceome analysis
triangulated on hnRNP H binding to 3’UTR of Cacna2d2, an
upregulation of Cacna2d2 transcript, and decreased 3’UTR usage
in response to MA in H1 MUT mice. Cacna2d2 codes for a
presynaptic, voltage-gated calcium channel subunit that could
plausibly regulate MA-induced dopamine release and behavior.
Interestingly, the overlapping hnRNP H interactome and tran-
scriptome showing the Genotype x Treatment interaction
identified Unc13c and Camta1, both of which are calcium-
responsive genes. Thus, multiple lines of evidence points to the
modulation of calcium as likely potential mechanism that links
blunted MA-induced dopamine release observed in the H1 MUT
mice.
Conclusions: The cellular mechanism and factors regulating

psychostimulant-induced changes in synaptic transmission are not
fully known. Our characterization of the hnRNP H RNA interactome
identified a potential novel role for hnRNP H in regulating
transport, stability, and/or translation of mRNAs linked to
excitatory synaptic transmission and psychostimulant-induced
synaptic plasticity. Our study provides new insight into the rapid
MA-induced cell biological adaptations that are regulated by
hnRNP H and likely other RNA-binding proteins working in concert
to modulate synaptic transmission. Integration of complementary
gene sets from different Omic methods (interactome, transcrip-
tome, and spliceome) can be broadly applied to the study of drug-
induced RBP-RNA dynamics and discovery of functionally relevant
RNA-binding targets underlying cell biological responses, adapta-
tions, and organismal phenotypes such as behavior.
Keywords: GWAS, Amphetamine, Cocaine, Substance Abuse

Disorders, Psychiatric Genetics
Disclosure: Nothing to disclose.

T175. Homer2 Phosphorylation is Necessary for the Aversive
Properties of Cocaine and Alcohol

Karen Szumlinski*, Eliyana Van Doren, Jacqueline Beltran, C.
Leonardo Jimenez Chavez, Weirui Guo, Kimberly Huber

University of California, Santa Barbara, Santa Barbara, California,
United States

Background: Homer2 is a post-synaptic scaffolding protein
regulating the trafficking, cellular localization and function of
Group 1 metabotropic and NMDA glutamate receptor subtypes.
Cocaine experience induces regionally-specific changes in Homer2
expression in brain, while alcohol increases Homer2 expression
throughout the extended amygdala. Importantly, these drug-
induced changes in Homer2 expression are functionally relevant
for both cocaine- and alcohol-induced changes in behavior as
determined in studies of Homer2 null mutant mice and viral-
mediated gene transfer approaches. Recent studies indicate that
Homer2 is phosphorylated on S117/S216 in response to neuronal
activity and calcium-calmodulin kinase II alpha (CaMKII) activation.

This phosphorylation causes a rapid dissociation of mGluR5-
Homer2 binding. Interestingly, (S117/216)-Homer2 is hyper-
phosphorylated in the Fmr1 knock-out mouse model of Fragile
X Syndrome, arguing a potentially important role for Homer2
phosphorylation in not only regulating behavioral sensitivity to
drugs of abuse, but also in gating normal sensorimotor, cognitive,
emotional and motivational processing.
Methods: To test this hypothesis, mice with alanine point

mutations at (S117/216)-Homer2 (Homer2AA) were generated and
back-crossed to a C57BL/6J background. A subset of mice were
subjected to a behavioral test battery to examine for the effects of
the phospho-mutation upon measures of negative affect (light-
dark box, forced swim test, novel object test, elevated plus-maze),
spatial learning and memory (Morris maze), sensorimotor gating
(prepulse inhibition of acoustic startle), and motor co-ordination
(rotarod). A second subset of mice were assayed for the affective/
motivational properties of cocaine using cocaine-induced place-
and taste-conditioning paradigms, while a third subset of mice
were assayed for the intoxicating, rewarding and reinforcing
properties of alcohol, using a variety of experimental procedures.
Results: When assayed for transgene effects upon spontaneous

behavior, Homer2AA mice exhibited a hypo-anxious phenotype
under elevated plus maze and light-dark shuttle-box procedures,
but did not differ from wild-type controls in novel object
reactivity, marble-burying or forced swim tests, acoustic startle
or prepulse inhibition of acoustic startle, Morris maze or rotarod
performance. No genotypic difference was observed regarding
either cocaine- or alcohol-induced locomotor activity during
place-conditioning, nor were differences observed for the
sedative-hypnotic effects of alcohol under rotarod and righting
reflex procedures. Homer2AA mice binge-drank less alcohol and
sucrose than wild-type mice, but did not differ from wild-type
mice in quinine consumption or alcohol intake under continuous-
access procedures. Curiously, Homer2AA mice were less sensitive
to the aversive properties of high-dose cocaine (30 mg/kg) in both
place- and taste-conditioning studies and this “low aversion”
phenotype extended also to high-dose alcohol (4 g/kg). Cocaine
(30 mg/kg) dissociated mGlu5 and Homer2 in striatal lysates from
wildtype, but not Homer2AA mice, as assessed by co-immuno-
precipitation, suggesting a molecular basis for the deficit in
aversive behaviors.
Conclusions: These findings provide new evidence that CaMKII

alpha-dependent phosphorylation of Homer2 gates the negative
motivational valence of both high-dose cocaine and alcohol, in a
manner independent of drug-induced psychomotor activation.
The apparent disconnect between the effects of the phospho-
mutation upon binge alcohol intake and place-conditioning raises
questions regarding the role for Homer2 phosphorylation in the
motivation to self-administer drug, which will be examined in
future operant-conditioning studies.
Keywords: Glutamate, Metabotropic Glutamate Receptor 5

(mglu5), Addiction, Alcoholism
Disclosure: Nothing to disclose.

T176. DNA Methylation of the Solute Carrier Family 7 Member
11 (SLC7A11) Gene is Associated With Alcohol Use Disorder
and Endophenotypes Related to the Liver-Brain-Axis

Jeesun Jung, Emma O’Connell, Jisoo Lee, Joyce Yoo, Katrin
Charlet, Falk Lohoff*

National Institutes of Health/National Institute on Alcohol Abuse and
Alcoholism, Bethesda, Maryland, United States

Background: Alcohol use disorder (AUD) is a chronic relapsing
disorder with strong genetic, epigenetic and environmental
components. Recent work of epigenetic factors related to alcohol
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consumption phenotypes has robustly identified differential DNA
methylation in the gene encoding the solute carrier family 7
member 11 (SLC7A11). SLC7A11 encodes the sodium-
independent cysteine-glutamate antiporter known as system Xc-
which is implicated in glutamate transport, lipid metabolism, liver
function, and oxidative stress regulation in the brain.
Methods: To understand a potential role of SLC7A11 in AUD,

we investigated the association of the CpG site cg06690548,
located in the promoter region of the SLC7A11 gene, with clinical
biomarkers, including liver function enzymes (LFTs) and brain
volumes measured by structural magnetic resonance imaging
(MRI) scans in 615 participants consisting of 372 AUD and 243
healthy controls (HC) recruited by the National Institute on Alcohol
Abuse and Alcoholism (NIAAA) at the National Institutes of Health
(NIH). The methylation level of cg06690548 was accessed using an
Infinium MethylationEPIC BeadChip and all association analyses
were performed with logistic and linear regression models after
adjusting for gender, age, and race.
Results: We found that cg06690548 was hypomethylated in

individuals with AUD compared to HC (p = 4.1E-17) and the
decreased methylation was consistently associated with heavy
alcohol consumption measured by the number of drinks per day
and heavy drinking days (p < 0.0001). Our data also showed the
decreased methylation was associated with increased levels
of liver enzymes, GGT (p = 1.03E-21), ALT (p = 1.29E-06), and
AST (p < 1.0E-06), and decreased brain volumes in the
hippocampus, middle cingulate gyrus and middle frontal gyrus
(p < 0.05). These directional associations among the endopheno-
types related to the liver-brain axis may provide a pathologic role
of glutamate signaling disruption in AUD and associated disorders.
Conclusions: Our data further support a possible functional role

of promoter DNA methylation of SLC7A11 in phenotypes related
to AUD that span multiple organ systems, mainly the liver-brain
axis. Given its prominent role in glutamate homeostasis, additional
work is needed to elucidate the exact mechanisms by which
SLC7A11 dysregulation might contribute to AUD.
Keywords: Epigenetics, Alcohol, Glutamate, Epigenome Wide

Association Studies, Liver Brain Axis
Disclosure: Nothing to disclose.

T177. An Investigation of Peripheral Metabolic Biomarkers
and Reward Processing in Individuals With Alcohol Use
Disorder

Monica Faulkner*, Lorenzo Leggio

National Institute on Drug Abuse, Bethesda, Maryland, United States

Background: Recent studies have highlighted the significance of
the gut-liver-brain axis in alcohol use disorder (AUD) and alcohol
seeking behaviors. Aspects of the gut-liver-brain axis, such as
hormones, have been widely characterized as playing a role in
feeding behavior, energy homeostasis, and more recently shown
to modulate central reward and stress pathways related to alcohol
seeking behaviors. However, the role of other aspects of the gut-
liver-brain axis in reward and stress related pathways and alcohol
seeking behaviors remains less explored.
Efficient and normal metabolism is required for energy home-

ostasis and the production of critical hormones in this system. As
such, dis-regulation of metabolism or changes in metabolic factors
underlying the gut-liver-brain axis may result in changes in central
reward pathways and alcohol related behaviors. Studies investigat-
ing feeding behavior and obesity have revealed changes in
circulating gut-liver hormones and triglycerides levels are associated
with reductions in neural response to palatable food cues in brain
regions regulating reward and feeding behaviors. Additionally,
another study investigating the role of blood glucose levels (HbA1c)

and food reward related brain activation in individuals with diabetes,
found that individuals with improved HbA1c (after gastric bypass
procedure) showed substantially higher activations in brain regions
associated with reward compared to those with no improvements
to HbA1c. Together, these findings suggest that the regulation of
metabolism may play an important role in feeding and reward
related pathways and may also modulate the gut-liver-brain axis and
its role in these pathways.
Methods: To begin to explore the role of metabolism in the

gut-liver-brain axis and reward and stress related pathways, we
investigated the relationship between metabolic factors (glucose,
cholesterol, and triglycerides) and reward anticipation in indivi-
duals seeking treatment for AUD. Using the Monetary Incentive
Delay (MID) we assessed neural responses to the anticipation of
rewards in three conditions: high reward gain, high reward loss
and low reward gain and loss.
Multiple mediation analyses were used to model the association

between alcohol use (measured by Alcohol Use Disorder Identifica-
tion Test (AUDIT)) and neural responses to reward anticipation (MID
task) in seventy-three individuals with AUD. Measures of glucose,
cholesterol, and triglycerides were included as mediators in
mediation models with AUDIT total score predicting reward
anticipation during an fMRI version of the MID task.
Results: Triglycerides levels significantly mediated the associa-

tion between alcohol use and left amygdala activity in anticipation
of losing a high value reward (p = 0.033) while all other peripheral
metabolic biomarkers did not significantly mediate any associa-
tions between alcohol use and reward anticipation.
Conclusions: In this study, triglyceride levels mediated the

relationship between alcohol use and neural responses to the
anticipation of losing a reward during the MID task in the left
amygdala. These preliminary findings highlight the potential role
of metabolism in reward and motivation pathways. Research on
feeding related behavior and obesity suggests metabolic factors
may play a role in responsiveness to food related cues and
modulate feeding behavior and response to food related reward.
Similar metabolic factors may also play a role in responsiveness to
addiction related reward and may contribute to the role of the
gut-liver-brain axis alcohol seeking behavior.
Keywords: Human Neuroimaging, Alcohol Use Disorder Meta-

bolism Reward, Reward Anticipation, Metabolic Biomarker
Disclosure: Nothing to disclose.

T178. Early Life Adversity Promotes Sex-Specific Resilience to
Opioid Addiction-Related Phenotypes

Evelyn Ordones Sanchez*, Charlotte Bavley, Rachel Carpenter,
Drew Peterson, Reza Karbalaei, James Flowers II, Charleanne
Rogers, Miranda Langrehr, Cory Ardekani, Sydney Famularo,
Angela Bongiovanni, Stan Floresco, Benjamin Garcia, Lisa
Briand, Mathieu Wimmer, Debra Bangasser

Temple University, Philadelphia, Pennsylvania, United States

Background: Opioid use disorder is on the rise and the economic
and human cost is staggering. It remains unclear why only a
subset of people who take opioids develop substance use disorder
(SUD), prompting efforts to understand factors that promote
vulnerability to opioid misuse. However, it is also critical to identify
factors that promote resilience to SUD. Experiences early in life can
alter risk/resilience to the later development of disorders. For
example, early life stress that is not overwhelming can have an
“inoculating” effect that promotes the development of resilience
in adulthood. Here we use a rat model of early life adversity, the
limited bedding and nesting (LBN) model, to assess how this
manipulation affects addiction-like phenotypes in adulthood.
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Methods: In LBN, rat dams and their pups were exposed to a
low resource environment from postnatal day 2-9. When male and
female offspring reached adulthood, they were tested on
behaviors related to substance abuse (n = 5–12/group): impulsiv-
ity and drug self-administration. Impulsive choice was examined
using the delay discounting task where rats can choose between a
smaller/immediate vs. a larger/delayed reward. Drug taking
behavior was measured using morphine self-administration and
motivation for morphine was assessed with a progressive ratio
(PR) reinforcement schedule. To understand how LBN could affect
later behavior, we assessed changes to neuroepigenetic processes
in the nucleus accumbens (NAc), which mediates both impulsivity
and drug-seeking. To assesses changes in gene transcription, we
performance on RNA sequencing (RNA-seq) to NAc punches (n =
5/group). We assessed genome-wide changes in histone mod-
ifications by measuring post-translational modifications using a
HPLC-MS mass-spectrometry-based assay (n = 4–5/group).
Results: We first tested whether adult male and female rats

with a history of LBN exposure had altered impulsive choice in the
delay discounting task. LBN-exposed males more often chose the
larger/delayed reward, indicating a reduction in impulsivity
(interaction [F(3,48) = 4.59, p = 0.007]). LBN did not affect delay
discounting in female rats. High impulsivity is associated with drug
taking, but here we found LBN reduced impulsivity in males.
Similarly, intake of morphine (0.25mg/kg/infusion on an FR1
schedule) was reduced in LBN vs. control males (main effect [F1,10
= 5.974, p = 0.03]). On a PR, LBN males earned fewer infusions
compared to control males [t10 = 2.44, p = 0.03]. In females, LBN
did not affect intake of morphine on either a FR1 or PR schedule.
RNA-seq on NAc tissue revealed sex-specific changes in gene
expression. Interestingly, the number of differentially expressed
genes (DEGs) was higher in females than males, suggesting that
high transcriptional regulation in the NAc in LBN females is
required to maintain their physiology and behavior at control
levels. Pathway analysis of DEGs revealed that the SNARE pathway
involved in vesicular transport was significantly enriched only in
males (adjusted p = 0.01), which could affect synaptic transmis-
sion. Finally, our analysis of histone post-translational modifica-
tions revealed that LBN significantly altered the abundance of 1
mark in females as compared to 3 permissive modifications in
males. Acetylation of lysine 8 on histone 4 (H4K8ac), a mark that is
often found near active promoters, was enriched in LBN vs. control
males. Increased deposition of H4K8ac may partly account for
many of the upregulated transcripts in LBN males.
Conclusions: Collectively, these data indicate that LBN can

inoculate males against addiction-like behavioral phenotypes. These
alterations in behavior are likely driven by sex-specific physiological,
transcriptional, and epigenetic modifications in the NAc induced by
LBN. Given that the addiction-related behavior appears unaffected
by the LBN manipulation in females, comparing LBN-induced
epigenetic changes in males vs. females can reveal novel
mechanisms that can promote resilience to SUD, which may lead
to the development of better therapies to reduce opioid misuse.
Keywords: Nucleus Accumbens, Impulsivity, Substance Use

Disorders, Sex Differences, Early Life Stress
Disclosure: Nothing to disclose.

T179. Alcohol Acutely Suppresses Ghrelin Through an Indirect
Mechanism – Converging Evidence From Preclinical and
Clinical Data

Sara Deschaine*, Mehdi Farokhnia, Adriana Gregory-Flores, Lia
Zallar, Zhi-Bing YOu, Hui Sun, Deon Harvey, Renata Marchette,
Brendan Tunstall, Jacob Moose, Bharath Mani, Mary Lee, Eliot
Gardner, Fatemeh Akhlaghi, Marisa Roberto, James Hougland,
Jeffrey Zigman, George Koob, Leandro Vendrusculo, Lorenzo
Leggio

DHHS/NIH/NIDA, Baltimore, Maryland, United States

Background: Ghrelin is an orexigenic gastric peptide that
potentiates alcohol-seeking by affecting alcohol craving, con-
sumption, and reward processing. However, the reverse effect of
alcohol intake on the ghrelin system remains to be fully
understood. Literature to date demonstrates that alcohol
administration can acutely suppress acyl-ghrelin in rodents and
humans but the mechanism by which this occurs has yet to be
evaluated.
Methods: We examined the effect of alcohol on the ghrelin

system through the following experiments: (1) secondary analysis of
data using linear mixed effects modeling of four human laboratory
paradigms (N = 6, 11, 12, 16) involving intravenous (IV) and oral
alcohol administration to male and female participants (2) evaluating
expression changes in the ghrelin receptor, ghrelin peptide, and
ghrelin acylation enzyme (GOAT) genes (GHSR, GHRL, and MBOAT4,
respectively) in post-mortem samples from male individuals with
alcohol use disorder (AUD) (N = 11) vs. non-AUD controls (N = 16) (3)
comparing intraperitoneal (i.p.) alcohol administration in both wild-
type (WT) and ghrelin receptor knockout (Ghsr KO) male rats (N= 34)
(4) observing the effect of increasing concentrations of alcohol on
acyl-ghrelin secretion from cultured gastric mucosal cells ex vivo as
well as on (5) GOAT acylation activity in vitro and (6) evaluating the
effects of i.p. alcohol and calorically equivalent sucrose solution on
acyl and des-ghrelin in male rats (N = 34).
Results: Our analysis of four human laboratory experiments

revealed an overall reduction of acyl- and total ghrelin following
both oral and IV alcohol administration. Using linear mixed effects
modeling, we observed an overall main effect of time on acyl and
total-ghrelin during fixed oral alcohol administration [AG: F(5, 53.8)
= 10.5, p < 0.001), TG:F(5, 52) = 13.6, p < 0.001], oral alcohol self-
administration (ASA) [AG: F(3, 27.5) = 6.6, p = 0.002, TG: F(3, 37.7)
= 4.5, p = 0.009], and IV-ASA experiments [AG: F(4,37.7) = 7.5, p <
0.001, TG: F(4, 38.7) = 5.6, p = 0.001], but not during a fixed-IV
alcohol administration experiment [AG: F (4,19) = 2.0, p = 0.134,
TG: F(4,17.1) = 2.7, p = 0.067]. Linear mixed effects models were
used to evaluate the effect of group (AUD vs. control non-AUD) on
GHSR, GHRL, and MBOAT4 expression in the hippocampus, ventral
tegmental area (VTA), nucleus accumbens (NAc), amygdala, and
prefrontal cortex (PFC). There was no significant difference in
expression between groups for all genes and regions tested after
controlling for multiple testing. We found an overall treatment
effect (alcohol vs. saline) on acyl-ghrelin levels [F(1,29) = 6.212,
p = 0.019], but not des-acyl ghrelin levels [F(1,29) = 0.013, p =
0.91] in male WT and Ghsr KO rats 15 minutes post-injection.
Moreover, exposing ghrelin secreting gastric mucosal extracts to
increasing concentrations of alcohol had no effect on acyl-ghrelin
secretion, and increasing concentrations of ethanol did not dose-
dependently inhibit GOAT acylation activity. Comparison of the
effect of alcohol and a calorically equivalent sucrose solution on
acyl- and des-acyl ghrelin revealed that alcohol and sucrose have
different effects on each form of ghrelin. While alcohol
significantly decreased acyl-ghrelin and blunted a fasting-
induced increase in des-acyl-ghrelin, sucrose blunted a fasting-
induced increase in acyl-ghrelin and had no effect on des-acyl
ghrelin.
Conclusions: Our data from humans and rats show that alcohol

acutely suppresses plasma ghrelin regardless of route of admin-
istration. Data from human post-mortem samples and Ghsr KO
rats preliminarily show that this effect does not appear to be
dependent on the ghrelin receptor. Moreover, we show that that
ethanol does not affect GOAT acylation activity in vitro or acyl-
ghrelin secretion from gastric mucosal cells ex vivo, indicating that
alcohol may not suppress plasma ghrelin via directly inhibiting the
ghrelin system. Lastly, we observed different effects of alcohol and
sucrose despite equivalent caloric values on acyl and des-acyl
ghrelin, suggesting that alcohol does not simply affect ghrelin in a
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manner proportional to caloric load and may affect acyl-ghrelin
and des-acyl ghrelin secretion differently.
Keywords: Ghrelin, Alcohol, Postmortem Brain Tissue, Animal

Research, Human Laboratory Study
Disclosure: Nothing to disclose.

T180. Neuroimmune Underpinning of Social Factors in
Cocaine Addiction

Keren Bachi*, Seunghee Kim-Schulze, Matthew Schafer, Philip
Kamillar-Britt, Vyoma Sahani, Scott Moeller, Daniela Schiller,
Vilma Gabbay, Yasmin Hurd

Icahn School of Medicine at Mount Sinai, New York, New York, United
States

Background: Chronic cocaine use and prolonged social stress
both induce peripheral and central immune activation, while
concomitantly, activation of the immune system contributes to
stress-induced neural/behavioral abnormalities. Immune dysregu-
lation may provide a psychobiological link between chronic social
stress, deficits in social information processing, and addiction via
activation of the sympathetic stress systems and the limbic-
Hypothalamic-Pituitary-Adrenal Axis.
Methods: Blood serum of 18 individuals with cocaine use

disorder (iCUD) and 19 healthy controls (HC) not differing on age,
gender, race, and IQ, were compared for inflammatory or
immunosuppressive cytokines, chemokines and growth factors.
The same cytokine panel was examined in relation to whole-brain
activation while participants performed a task of simulated social
interactions (Social Navigation fMRI paradigm). Immune associations
were tested with non-task variables of drug use, social stress
(childhood trauma), and real-life social competencies (social-
adaptive traits; personality traits were standardized and averaged
to form a composite score). Testing in additional participants
utilizing factor analysis (to obtain a comprehensive immune
signature) is ongoing.
Results: Compared with HC, iCUD had elevated interleukin-3 [IL-

3; t(36)=−4.3, p < 0.001] and platelet-derived growth factor [PDGF-
AA; t(36)=-2.3, p = 0.026], and a trend for increased Macrophage-
Derived Chemokine [MDC/CCL22; t(36) = −2.0, p = 0.054]. At the
neural level, during simulated social interaction and relative to HC,
BOLD signal in iCUD was greater in the precuneus/ventral posterior
cingulate cortex (Prc/vPCC; height threshold p < 0.005, extent
threshold k = 20; X = −6, y = −53, Brodmann Area = 23; z = 3.5; k
= 454, pFWE-cor. < 0.024; no activation survived correction for
multiple comparisons for iCUD<HC). Across our whole sample, Prc/
vPCC activation correlated positively with RANTES, a pro-
inflammatory chemokine (mediates T cells activations in acute and
chronic inflammation; iCUD: r = 0.614, p = 0.007; whole sample: r =
0.322, p = 0.052). At the behavioral level, in iCUD, RANTES correlated
positively with recency of cocaine use (r = 0.508, p = 0.031).
Peripheral MDC (proinflammatory cytokine, implicated with post-
trauma) correlated with childhood trauma sexual abuse (r = 0.447, p
= 0.006), which was experienced to a greater extent in iCUDs [t(36)
= −3.4, p = 0.003]. Proinflammatory cytokine IL-1b correlated
negatively with social-adaptive traits (r = −0.523, p = 0.023), where
the greater the immune dysregulation, the lower the social-adaptive
traits in iCUD.
Conclusions: iCUD had heightened immune activation state

which was associated with Prc/vPCC brain function during social
processing, drug use, social stress, and real-life social competencies.
These findings indicate a potential relationship between immune
and social factors in cocaine addiction, providing a foundation for
future causal testing. Delineating the peripheral and neural under-
pinnings of stress-related inflammatory signature in relation to

psychosocial state in iCUD could advance the development of novel
treatment to enhance efficacy and recovery.
Keywords: Neuroimmune Interaction, Human Neuroimaging,

Social Factors and Functioning, Cocaine Addiction,
Psychoneuroimmunology
Disclosure: Nothing to disclose.

T181. Open Bar Assay: A New Operant Paradigm for
Examining Motivated Response and Substance Abuse in
Drosophila Melanogaster

John Hernandez*, Eve Glenn, Karla Kaun

Brown University, Providence, Rhode Island, United States

Background: Escalation of alcohol self-administration facilitates
the transition from alcohol use to compulsive drinking, which is a
worldwide biomedical concern. Alcohol research has largely been
focused on understanding the neural mechanisms underlying
excessive or compulsive alcohol intake. However, humans display
a wide-variety of drinking behaviors with some escalating alcohol
consumption over time while others moderately drink or even
abstain. Much less is understood of the neural substrates
underlying individual differences in alcohol preference and
seeking, and how escalation arises in some individuals and not
others. Investigating the circuits and neural dynamics underlying
this individual variation is critical for developing more effective
treatments for alcohol use and abuse disorders. In Drosophila
melanogaster, the neural circuits required for encoding valence
include identifiable connections, genetic and/or biochemical
profiles and characterized temporal changes underlying learning,
making flies an ideal model for investigating escalation of self-
administration.
Methods: We developed a 3-day operant paradigm to evaluate

the spectrum of behaviors associated with self-administration of a
pharmacologically relevant dose of volatilized ethanol (50% EtOH),
and compared this to the response to naturally appetitive odors.
We examined 4-5 day old male and female flies, and used a
combined computer vision and machine learning approach was to
evaluate subtle behavioral changes in escalating, de-escalating
and stable self-administering flies.
Results: Our preliminary data suggests that, similar to mammals,

individual variation in self-administration behavior occurs with
consecutive training sessions. Approximately 30% of flies escalate
self-administration whereas 50% of flies remain stable and 20% of
flies decrease self-administration. This contrasts significantly with
self-administration seen with appetitive food odors apple cider
vinegar (15% of flies escalate) and 3% EtOH (0.08% escalate), and
aversive odor benzaldehyde (.08% escalate). No significant differ-
ences were seen between male and female flies. Principle
component analysis of subtle behavioral features provide a frame-
work for defining motivation response in this operant assay.
Conclusions: Our data provides a behavioral groundwork to

subsequently investigate variability in identified circuits contribut-
ing to drug and substance use disorders. Comparing the
behavioral responses to natural aversive and appetitive stimuli
to intoxicating doses of ethanol uniquely primes us to examine
how natural and drug reward preference manifests in the nervous
system of both male and female flies.
Keywords: Drosophila, Alcohol, Sex Differences, Machine

Learning, Operant Behavior
Disclosure: Nothing to disclose.

T182. Prefrontal Cortical Functional Near Infrared
Spectroscopy Measures During Working Memory Load Can
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Detect and Classify Individuals as Impaired From Oral Delta 9-
Tetrahydrocannabinol (THC)

A. Eden Evins*, Jodi Gilman, William Schmitt, Sarah Hickey,
Kevin Potter, Brian Kendzior, Gladys Pachas

Massachusetts General Hospital, Boston, Massachusetts, United
States

Background: In many states with legalized medical-use and adult-
use cannabis, there is no legal limit of Δ9-tetrahydrocannabinol
(THC) while operating a vehicle, as studies have shown that there
is no evidence that a specific THC concentration in any body fluid
is correlated with impairment for most individuals. Instead,
intoxication or impairment must be demonstrated to trigger a
legal violation of driving under the influence (DUI) of cannabis,
which is typically accomplished by a police officer’s observation of
impaired driving behavior and a field sobriety test, which has not
been scientifically validated, followed by analysis of urine for the
presence of intoxicants or their metabolites. Thus, there is no
empirical test of impairment from cannabis. We previously
reported that prefrontal cortical (PFC) hemodynamic response
during a working memory (n-back) task, detected with functional
near infrared spectroscopy (fNIRS), is a biomarker of cannabis
intoxication. Here, we sought to determine whether machine
learning methods applied to fNIRS n-back task data could correctly
classify individual participants as impaired from THC.
Methods: 176 adult regular cannabis users enrolled in a double-

blind, placebo-controlled, cross-over study, and received up to
80mg of dronabinol, an FDA-approved synthetic THC and identical
placebo in random order after overnight abstinence on two study
visits one week apart. THC dose was individualized to produce
intoxication, based on the degree of expected tolerance given
self-reported average recreational cannabis dose, frequency, type,
and self-reported intoxication and adverse effects, as well as sex,
height, weight, BMI and baseline blood pressure. During each visit,
participants completed the 100mm visual analogue Drug Effects
Questionnaire (DEQ) scale, and had heart rate and blood pressure
measured pre-dose and every 25 minutes post-dose to assess
dronabinol effect(s) and ‘high’. Participants completed a letter N-
back working memory (WM) task (2-back and 0-back conditions)
at baseline and at approximately 100 min (when peak dronabinol
effects were expected) and 200 min post-THC administration.
During the N-back task, participants underwent fNIRS scans using
a continuous-wave NIRS device, with 8 sources and 7 detectors
arrayed across the forehead, producing 20 channels covering PFC
regions. Two raters (JG and AEE) assessed likelihood of impairment
by considering post-drug self-rated intoxication, heart rate,
blood pressure, and impairment assessments by blinded study
staff and a Drug Recognition Expert. We extracted d’ values from
the N-Back task, and average HbO values from 5 regions of
interest (ROIs; left and right ventral, left and right dorsal, and
medial PFC), and computed difference scores (peak-minus pre-
dose). We then examined correlations between change in d’ and
expert ratings of impairment. Machine learning methods were
applied to the fNIRS data to develop participant level classification
of impairment by optimizing Recurrent Neural Network (RNN)
hyperparameters.
Results: There were significantly greater increases post THC

than post placebo in DEQ ratings of drug effect and feeling high
(mean peak ratings of 60.05 ± 30.35mm vs 10.08 ± 15mm and
62.05 ± 30mm vs 10.00 ± 15mm, respectively), in heart rate (mean
increase at peak “high” was 16.97 ± 18.04bpm vs -0.01 ±
8.15bpm), and in oxygenated hemoglobin (HbO) concentration
in the PFC during the 2-back task, most strongly in MPFC and
bilateral DLPFC. This main effect of treatment on PFC activation
was driven by participants who reported intoxication and were

rated by investigators as likely impaired >75%, with few difference
seen when raters determined that participants were <25% likely to
be impaired post active THC. Notably, there was no significant
correlation between THC dose and rater impairment rating,
indicating that HbO increase was sensitive to impairment, not
just presence of THC. For cognitive performance, there was a
significant association between expert impairment rankings and
n-back performance (β. = −0.012, p = 0.0004), such that higher
impairment ratings post THC were associated with more impaired
cognitive performance post study drug relative to baseline
performance. Using a 5-fold cross-validation machine learning
approach to evaluate the performance of the RNN, temporal
feature maps were produced that exhibited high classification
accuracies, with an average accuracy of 78%, and a maximum
accuracy of 85%. In this model, specificity (true negative rate) was
85.3%, sensitivity (true positive rate) was 71.7%, and false positive
rate was 14.8%.
Conclusions: We replicated in a larger sample our previous

finding that HbO response during a working memory task
changes significantly following THC administration, driven by
intoxication measures such that this measure may be a useful
biomarker of THC intoxication. We report an extension of this
finding in that we achieve individual classification of impairment
due to THC intoxication of up to 85% accuracy using standard ML
techniques. We conclude that fNIRS is a promising tool for
detection of impairment from cannabis intoxication, and may
potentially be used to assess THC impairment with accuracy and
specificity similar to the breathalyzer for impairment due to
alcohol intoxication.
Keywords: Functional Near-Infrared Spectoscopy, Cannabis, N-

back, Working Memory, Prefrontal Cortex
Disclosure: NIDA: Grant, Consultant (Self); HighLight-I: Patent

(Self)

T183. How Does Race and Sex Impact the Relationship
Between Childhood Trauma, Alcohol Consumption, and the
Mediating Effect of Quality of Life?

Bethany Stangl*, Nia Byrd, Sumedha Chawla, Melanie
Schwandt, Mehdi Farokhnia, Lorenzo Leggio, Nancy Diazgra-
nados, Vijay Ramchandani

NIAAA, Bethesda, Maryland, United States

Background: Evidence suggests that racial/ethnic minorities and
females are disproportionately impacted by alcohol-related
problems. While several studies have found that non-Hispanic
White individuals consume more alcohol and are younger at
initiation of drinking, others have shown minority populations
tend to report higher prevalence rates of alcohol use disorder
(AUD) and negative social and health effects at lower levels of
heavy drinking. Gender disparities work shows that men drink
more frequently and at higher rates than women and are more
likely to transition to an AUD. Numerous studies have evidenced
the relationship between adverse childhood experiences (ACEs)
and increased risk for negative health outcomes, including AUD.
Several studies have shown that racial/ethnic minorities and
females have a greater risk of ACEs exposure. In addition, research
has shown that racial/ethnic minorities report greater prevalence
of ACE. Despite the vast amount of research examining the
relationship between ACEs and alcohol-related problems, the
relationship is less clear when examining the combined effects of
race and sex. This study aimed to examine the relationship
between ACE, sex and race on drinking outcomes, and the
potential mediating role of quality of life on these relationships.
Methods: This study included 1135 male and female partici-

pants stratified into Nonproblematic Drinkers, ND (N = 513) and
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Problematic Drinkers, PD (N = 622). We used the Structured
Clinical Interview for Diagnostic and Statistical Manual of mental
disorders (both DSM-IV and DSM-5) to assess alcohol problems.
ND included individuals with no history of alcohol problems while
PD included those with a past and/or current diagnosis of alcohol
abuse, alcohol dependence or AUD. Participants completed
assessments of ACE (Childhood Trauma Questionnaire, CTQ), and
quality of life (World Health Organization Quality of Life scale,
QOL). The Environmental subscale of QOL (EQOL) which has facets
such as financial resources, physical safety, and health care
availability, was included in the analyses. Drinking behaviors were
assessed using the Alcohol Use Disorder Identification Test
(AUDIT) and 90-DayTimeline Followback (TLFB) using the mea-
sures of heavy drinking days (HDD) and drinks per drinking day
(DPD).
Results: Both the ND and PD samples saw significant main

effects of race, sex and/or interaction effects between race and sex
on drinking measures. In the ND sample there were significant
main effects of sex on AUDIT (P = 0.007), DPD (P ≤ 0.001), HDD (P
= 0.004) where males scored significantly higher than females.
There was also a significant main effect of race with White
participants scoring higher than Black participants on the AUDIT (P
≤ 0.001). In addition, there was a race*sex interaction effect on
HDD (P = 0.003; Black females < Black males).
In the PD sample, there was a significant main effect of sex on

AUDIT-C (P = 0.026) with males scoring higher than females. There
were significant main effects of race for HDD (P = 0.017) and
AUDIT (P = 0.004). Black participants scored higher on HDD, while
White participants scored higher on the AUDIT. There was also a
significant race*sex interaction effect for AUDIT (P = 0.003; Black
females < White females).
As expected, the PD sample endorsed ACE more so than the ND

sample. In the ND sample, Black participants reported higher
scores than White participants for CTQ total (P = 0.001) and
several subscales (all p’s≤0.03). Sexual abuse was the single main
effect of sex where females scored higher than males (p = 0.021).
There was also a significant race*sex interaction effect on
emotional neglect (P = 0.032; Black females > White females).
For the PD sample, Black participants also reported higher

scores than White participants for CTQ total (p = 0.023) and
several subscales (all p’s≤0.023). Females reported higher scores
than males for CTQ total (p = 0.025) and several of the subscales
(all p’s≤0.037). There were no significant race*sex interaction
effects on any of the ACEs measures.
A moderated mediation analysis was conducted to examine the

effect of race and sex on the relationship between CTQ total score
and AUDIT total score with EQOL as a mediator. EQOL mediated
the relationship between CTQ total score and AUDIT total (R2 =
0.31, P<0.0001). CTQ (P=0.004), race (P = 0.045), sex (P = 0.007),
and the interaction of race*sex (P = 0.041) significantly predicted
EQOL scores. AUDIT scores were predicted by EQOL (P = 0.029)
while CTQ*race showed a trend-level effect (P = 0.052). The
indirect effect of CTQ on AUDIT score was significant for both
Black and White participants with a stronger effect size for Black
participants. The conditional direct effect of CTQ on AUDIT score
was significant for White participants only and had a positive
relationship. This model covaried for problematic drinking status
(P<0.001) and sex (N.S.) as well as age, household income, and
years of education (all p’s <0.05).
Conclusions: In conclusion, both race and sex significantly

moderate the mediating effects of EQOL on the relationship
between ACE and drinking measures, with conditional direct
effects showing significance only in White participants. Future
analyses will explore other environmental and personality
determinants of the relationship of ACE and alcohol behaviors
across race and sex. By understanding differential risk across
groups, preventive and intervention strategies will be better
informed.

Keywords: Childhood Trauma, Alcohol Use Disorder, Quality of
Life, Health Disparities
Disclosure: Nothing to disclose.

T184. Nuclear Factor Kappa B Signaling Within the Rat
Nucleus Accumbens Core Modulates Cue-Motivated Reward-
Seeking Behavior

Mark Namba*, Annika Vannan, Michael Johnson, M. Foster
Olive, Janet Neisewander

School of Life Sciences, Arizona State University, Tempe, Arizona,
United States

Background: Chronic drug self-administration and withdrawal are
associated with distinct neuroimmune adaptations, such as
increased neuroinflammation, that may increase drug craving
and relapse vulnerability in humans. Neuroinflammation is
associated with nuclear factor kappa B (NF-κB) signaling, which
subsequently modulates the expression of many addiction-related
genes. Cocaine exposure upregulates the expression of p65
subunit of NF-κB, suggesting increased activation of NF-κB
signaling. Moreover, inhibition of upstream IκB kinase (IKK)
signaling within the nucleus accumbens (NAc) decreases
cocaine-induced conditioned place preference, and we have
shown that inhibition of IKK signaling within the NAc core of rats
decreases cue-induced reinstatement of extinguished nicotine
seeking. Nevertheless, no studies to date have examined whether
direct knockdown of p65 within the NAc core decreases cue-
motivated cocaine seeking following a period of forced absti-
nence, which is a model of incentive motivation for cocaine that
better recapitulates the human condition. As well, no studies to
date have examined whether these effects of NAc core NF-κB
signaling are specific to drugs of abuse. Here, we examined
whether lentiviral knockdown of p65 within the NAc core of rats
would decrease cue reactivity to cocaine- and sucrose-associated
cues following a period of forced abstinence.
Methods: 12 Sprague-Dawley rats that self-administered

cocaine were surgically implanted with a jugular vein catheter
and intra-NAc core guide cannulas. Rats self-administering sucrose
received only intra-NAc core guide cannulas. Animals were food
restricted and were trained to self-administer cocaine (0.75 mg/kg,
i.v.) or sucrose (45 mg/pellet, p.o.) for 2 h/d for a minimum of 12
days. Initially, cocaine or sucrose was available on a FR1 schedule,
where an active lever press triggered a light cue above the active
lever and a tone cue (500 Hz), followed by delivery of either
cocaine (over the 6 s cue duration) or sucrose. This was followed
by a 20-s timeout period, signaled by the house light, where no
reinforcers or cues were available. Within each session, the
schedule progressed to a variable ratio (VR) 2, 3, and 5 sequentially
after a rat achieved 5 reinforcers within any given hour. Between
sessions, the beginning schedule (FR1, VR2, VR3, or VR5) increased
if the animal ended its three previous sessions on a VR5. Following
self-administration, animals received intra-NAc core microinfu-
sions of a lentivirus (LV) that expressed a p65 shRNA and the
fluorescent reporter turboGFP (LV-p65shRNA-tGFP), or control LV
(LV-tGFP) on day 1 of abstinence. Rats remained in abstinence for
21 days prior to a 1-hr cue reactivity test, where active lever
presses resulted in delivery of reinforcer-paired discrete cues but
no reinforcer. Immediately after cue reactivity testing, rats were
sacrificed for tissue collection to assess viral transgene expression
within the NAc core. All procedures were approved by the Arizona
State University Institutional Animal Care and Use Committee and
adhered to the National Institutes of Health Guide for the Care and
Use of Laboratory Animals.
Results: Rats treated with LV-p65shRNA-tGFP and LV-tGFP

earned a similar number of total cocaine infusions or sucrose
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pellets earned during self-administration. Rats that self-
administered cocaine and were treated with LV-p65shRNA-tGFP
(n = 3) did not significantly differ in active lever presses relative to
those treated with LV-tGFP (n = 3) in the cue reactivity test.
However, rats that self-administered sucrose and were treated
with LV-p65shRNA-tGFP (n = 3) showed a trend towards
decreased active lever presses compared to those treated with
LV-tGFP (n = 3, t(4) = 2.172, p < 0.10). Immunohistochemistry
analyses verified tGFP expression within the NAc core of LV-
treated rats. Additional subjects are currently in training to
increase statistical power.
Conclusions: Our preliminary results suggest that NF-κB

signaling modulates cue-motivated sucrose-seeking following a
period of abstinence, when incentive motivation is thought to
progressively increase over time. Therefore, our preliminary results
suggest that the role of NF-κB in cue-motivated reward seeking
may not be limited to drugs of abuse and may generalize to
natural reinforcers as well. Importantly, our studies highlight the
need to further investigate NF-κB signaling within the mesolimbic
reward system and determine whether the environmental context
in which cues are facilitating reward-seeking behavior plays a
deciding role in the function of NF-κB in driving such behavior.
Studies are ongoing to increase the sample size and to test female
rats to examine potential sex differences in our observed effects.
Our findings increase understanding of how immune signaling
regulates conditioned reward-seeking behavior.
Keywords: Nuclear Factor Kappa B, Neuroimmune Mechanisms,

Cocaine Self-Administration, Cue Reactivity
Disclosure: Nothing to disclose.

T185. Metadoxine Reduces Alcohol Consumption in a Double-
Blind, Placebo-Controlled, Pilot Study in Patients With Alcohol
Use Disorder

Azim Munivar*, Ran Wu, George Kenna, Stephanie O’Malley,
Carolina Haass-Koffler, Lorenzo Leggio

Yale, New Haven, Connecticut, United States

Background: Alcohol use disorder (AUD) is a leading cause of
preventable death in the United States and globally, with over
88,000 deaths related to alcohol use in the US alone with
approximately one-quarter of these related to alcoholic liver
disease. Thus, there is a critical need to develop additional
pharmacotherapies for patients with co-morbid alcohol use
disorder (AUD), including those with alcohol liver disease (ALD).
A medication that is safe for the liver, reduces the damaging
effects of alcohol on the liver, and is able to reduce alcohol
consumption would be an ideal medication, especially for patients
with comorbid AUD and ALD.
Metadoxine (MTDX) has been proposed as a useful treatment

for both AUD and ALD. Metadoxine treatment increases the
clearance of alcohol and acetaldehyde, reducing the damaging
effect of free radicals and restoring both cellular adenosine
triphosphate (ATP) and glutathione levels. Metadoxine is
approved in some European countries for acute and chronic
alcohol intoxication. In addition, several studies have shown that
MTDX is an effective treatment for ALD. Moreover, preliminary
evidence indicates that MTDX reduces alcohol consumption in
AUD patients. However, these studies either were not blinded, not
prospective, or of short duration. If the role of MTDX in reducing
alcohol consumption is confirmed, then MTDX would provide a
truly innovative pharmacotherapy option for AUD, given the
potential to be used for AUD patients with ALD.
The purpose of this study is to determine the efficacy of MTDX

in improving drinking outcomes and markers of liver disease in
AUD patients using a double-blind, placebo-controlled design.

Methods: This 4-month, randomized, double-blind, placebo-
controlled pilot study was conducted at the Brown University
Center for Alcohol and Addiction Studies from July 9, 2012 to April
2, 2015. Eligible patients met carried a diagnosis of DSM-IV alcohol
dependence. Patients (10 male and 4 female) were randomized to
receive either MTDX 500mg TID or placebo for 12 weeks and daily
quantity of drinking was assessed using the Timeline Follow-back
Interview. All analyses were of the intention-to-treat type.
Continuous drinking outcomes were measured by month. The
primary outcome was percent days abstinent and other secondary
outcomes included drinks per drinking day (DPDD), percent heavy
drinking days (PHDD) and three categorical responder outcomes.
Mixed models controlling for baseline were used to analyze PDA,
DPDD, and PHDD. Chi-square analyses examined group differ-
ences in binary responder outcomes which included no heavy
drinking days (NHDD) during the 4-month treatment period,
NHDD in the last month, and 50% heavy drinking reduction from
baseline relative to the last month of treatment. Labs to assess
liver function were collected monthly.
Results: Of the 36 patients assessed for eligibility, 14 were

randomized with 7 in each arm. Four were women (29%), 6 were
non-white (43%), and the mean (SD) age was 52.3 (9.18) years.
We found a significant treatment effect in PHDD (LSMD =

−33.95%, 95% CI -66.83 to -1.15, F = 5.24, p = 0.04), a significant
treatment by time effect in DPDD (F = 8.93, p = 0.01), but no
group differences in PDA (F = 0.88, P = 0.37) or DPDD (F = 1.97, P
= 0.19).
We found no group differences in NHDD when considering

either the 4-month period or the last month of treatment. For 50%
heavy drinking reduction from baseline, while there was no
significant difference (p = 0.24, OR = 4.50, CI: 0.34–60.15) between
MTX (42.86%) and placebo (14.29%), the trend suggests patients
in MTX group had benefit over placebo.
There were no observed differences in AST and ALT in this small

sample.
Conclusions: In this small preliminary study, metadoxine

demonstrated promising results for continuous measures of
drinking including PHDD and DPDD. These results merit further
study of metadoxine for the treatment of Alcohol Use Disorder.
Given the known relationship between the quantity of alcohol
consumption and liver disease, future studies should be powered
to examine improvements in liver enzymes in addition to
improvements in drinking outcomes.
Keywords: Alcohol Use Disorder - Treatment, Alcoholic Liver

Disease, Novel Therapeutics
Disclosure: Nothing to disclose.

T186. Characterization of Alpha-1 Receptors in Individuals
With Alcohol Use Disorder

Samantha Portis*, Meghan Gonsalves, Zoe Brown, Carline Fleig,
Arianna Ferretti, Talia Vasaturo-Kolodner, William Zywiak, Hui
Sin, Lorenzo Leggio, Tara White, Carolina Haass-Koffler

Center for Alcohol and Addiction Studies Brown University,
Providence, Rhode Island, United States

Background: The role of norepinephrine (NE) in the development
of alcohol use disorder (AUD) has been evaluated over the past
several decades. In order to better characterize the role of alpha-1
receptors in individuals with AUD, we tested the hypothesis that
central functional activity of alpha-1 receptors decreases with age.
Methods: In Study 1, we used the GTEx dataset available via the

Human Protein Atlas to analyze the relationship between age and
alpha-1A, B, and D receptor expression (pTPM) in nine regions
(amygdala, anterior cingulate, caudate, hippocampus, hypothala-
mus, nucleus accumbens, putamen, frontal cortex, and general
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cortex) of postmortem brain tissue (N = 100-160). Then, in Study 2,
to selectively include the AUD clinical diagnosis, we measured
alpha-1B receptor mRNA extracted in five brain regions (amygdala,
hippocampus, ventral tegmental area, nucleus accumbens and
prefrontal cortex) in human postmortem brain available from male
subjects diagnosed with AUD and compared to healthy controls
(N = 27). Finally, in Study 3, we conducted a secondary analysis of
a 10-weeks, randomized, double-blind placebo-controlled clinical
trial (RCT) using doxazosin, an alpha-1A, B, D receptor antagonist,
to evaluate if age was a moderator in alcohol drinking reduction in
treatment seekers individuals with AUD (N = 41).
Results: Study 1 revealed a significant negative correlation of

age with alpha-1A receptor expression in the amygdala, anterior
cingulate, caudate, hippocampus, hypothalamus, nucleus accum-
bens, and putamen (r = −0.16 to −0.35, p’s < 0.04–0.0001). There
was a negative correlation of age with alpha-1B expression in the
amygdala, anterior cingulate, hippocampus, hypothalamus, and
general cortex (r = −0.204 to −0.358, p’s < 0.05 − 0.0001). Age
was negatively correlated with alpha-1D expression in the anterior
cingulate, hippocampus, hypothalamus, nucleus accumbens,
frontal cortex, and general cortex (r = −0.237 to −0.443, p’s <
0.01–0.0001). In Study 2, we found no significant difference in
alpha-1B expression in any brain region between individuals with
AUD and healthy controls (p’s>0.05). In Study 3, we found a
significant age x doxazosin interaction for drinks per week (DPW)
(F1,36 = 4.869, p < 0.05) and a trend towards significance for
heavy drinking days (HDD) (F1,36 = 3.322, p = 0.077). Post hoc
analysis showed a significant effect of doxazosin, in reducing DPW
(t34 = −2.34, p < 0.05) and HDD (t34 = −3.138, p < 0.01) in
younger individuals.
Conclusions: These findings support a relationship between

age and central alpha-1 receptor expression in AUD. This work
further provides justification for a personalized medicine approach
for treating AUD.
Keywords: Alpha-Adrenergic, Alcohol Use Disorder, MRI, Aging
Disclosure: Nothing to disclose.

T187. Sex Differences in I.V. Oxycodone Self-Administration
and Cue-Induced Reinstatement of Oxycodone Seeking in
Rats: Role of Estrous Cycle

Ireneusz Wojtas, Hinds Nicole, Daniel Manvich*

Rowan University School of Osteopathic Medicine, Stratford, New
Jersey, United States

Background: Prescription opioid abuse has emerged as a major
public health crisis in the United States, resulting in alarming rates
of overdose-related deaths and significant economic burden.
Oxycodone is among the most frequently prescribed opioid
analgesics and its misuse has contributed to the current opioid
epidemic. While sex differences have been reported for the abuse-
related effects of opioids in both humans and experimental
animals, only a small number of studies to date have examined
sex differences specifically with respect to oxycodone. In the
present studies, we sought to compare the reinforcing effects of
oxycodone and the magnitude of cue-induced oxycodone-
seeking behavior between male and female rats using i.v.
oxycodone self-administration and reinstatement procedures.
We also assessed whether these measures varied in females as a
function of estrous cycle.
Methods: For dose-response studies, adult male (n = 4) and

female (n = 4) Long-Evans rats were first trained to self-administer
0.03 mg/kg/infusion oxycodone according to a fixed-ratio 1
schedule of reinforcement in daily 2-hr sessions (5-6 days per
week). Stable response rates (<30% variability in active-lever
responses and <20% variability in reinforcers earned across 3

consecutive sessions) were then assessed when 0.03, 0.01, or 0.003
mg/kg/infusion were available, with doses presented in descend-
ing order. A separate group of adult male (n = 7) and female (n =
7) Long-Evans rats were trained to self-administer 0.03 mg/kg/
infusion oxycodone for 8 days, followed by 0.01 mg/kg/infusion
oxycodone for 10 days. Responding was then extinguished in daily
2-hr sessions during which active-lever responses had no
scheduled consequences, and subsequently reinstated by reintro-
ducing a response-contingent cue light that had previously been
paired with oxycodone infusions. Vaginal smears were collected
daily from female subjects for histological confirmation of estrous
cycle phase (proestrus, estrus, metestrus, diestrus).
Results: In the dose-response experiment, varying the unit dose

of oxycodone produced an inverted U-shape function, with 0.01
mg/kg/infusion at the peak of the curve in both sexes. Oxycodone
functioned as a more effective reinforcer in females than males,
maintaining higher rates of responding and resulting in more
infusions earned, particularly at the two lower doses tested (Main
Effect of sex, p < 0.05). In the reinstatement experiment, females
again exhibited higher rates of responding than males at both
doses of oxycodone. In females, rates of responding at either dose
of oxycodone were significantly higher during metestrus/diestrus
as compared to proestrus/estrus (Main Effect of phase, p < 0.05).
Finally, cue-induced reinstatement of previously-extinguished
oxycodone-maintained responding was greater in females as
compared to males (p < 0.05), although there was no clear effect
of estrous cycle phase on this measure in females.
Conclusions: Our results indicate that i.v. oxycodone exerts

greater reinforcing effects in female rats as compared to males, in
agreement with previous reports. Females also exhibited a more
robust drug-seeking response following re-exposure to
oxycodone-associated discrete cues than males, suggesting that
sex differences are applicable not only to oxycodone taking, but
also to oxycodone seeking. We also reveal for the first time that
the reinforcing effects of i.v. oxycodone are modulated by estrous
cycle phase, an effect that is likely mediated by fluctuations in
ovarian hormones. Taken together, our results confirm and extend
previous work suggesting that females may be at greater risk than
males for developing opioid use disorder and/or for suffering a
relapse event, although the magnitude of these risks may vary in
different phases of the menstrual cycle.
Keywords: Oxycodone, Sex Differences, Cue Reinstatement,

Estrous, Intravenous Drug Self-Administration
Disclosure: Nothing to disclose.

T188. Differential Importance of Nucleus Accumbens
Signaling for Female and Male Binge Alcohol Drinking in Mice

Claudina Kwok, Kelly Lei, Frederic Hopf*

Indiana University, Indianapolis, Indianapolis, Indiana, United States

Background: Alcohol use disorder extracts substantial social and
economic costs, and in recent years the rate of problem drinking
in females has nearly matched that in males. Thus, it is critically
important to understand differences in signaling systems that
drive alcohol intake across the sexes. Orexin acting through
orexin-1 receptor (Ox1R) can strongly contribute to motivated
behavior, and our previous work identified Ox1R signaling within
nucleus accumbens shell (Shell) as a critical mediator of binge
alcohol intake in higher-drinking male mice.
Methods: Intracranial (in nucleus accumbens Shell) and

systemic administration of orexin-1-receptor blocker and intra-
Shell calcium-permeable AMPA receptor blocker were tested for
effects on limited access 2-bottle choice alcohol drinking in male
and female mice. Some studies examined quinine-resistant
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alcohol intake to model compulsion-like drinking. Controls
examined saccharin intake.
Results: Here, we demonstrate that Ox1R inhibition within the

Shell (with SB-334867) had no effect on female alcohol drinking
(p = 0.8934), unlike what we observed for males. In contrast,
inhibition of the calcium-permeable AMPA receptor with NASPM
in the Shell significantly and strongly reduced alcohol drinking in
both females and males (female: 62.8 ± 8.3% decrease in intake, p
< 0.0001; male: 42.5 ± 8.8% decrease in intake, p = 0.0023). This
NASPM effect was specific for alcohol, since Shell infusion of
NASPM did not reduce saccharin intake in either sex. In addition,
systemic Ox1R inhibition did significantly reduce compulsion-like
alcohol intake in females, similar to what we reported for males,
indicating that Ox1Rs can act within females to drive some aspects
of pathological alcohol consumption. Similarly, higher doses of
Ox1R inhibition (which might have more off-target effects)
reduced binge drinking in both sexes.
Conclusions: Our results together suggest that the Shell was a

critical regulator of binge alcohol drinking in both sexes, but Shell
AMPA receptors supported intake in both sexes while Shell Ox1Rs
drove alcohol drinking only in males. Our findings provide
important new information about sex-specific and -general
mechanisms that promote binge alcohol drinking, which may
help shape our understanding of the drive to drink in each sex
and possible therapeutic interventions.
Keywords: Binge Drinking, Orexin, AMPA Receptors, Alcohol,

Compulsive Behavior
Disclosure: Nothing to disclose.

T189. Differential Control of Kappa Opioid Receptors on
Monoaminergic Systems Across the Rostro-Caudal Axis in
Nucleus Accumbens Shell

Mary Spodnick, Breanne Pirino, Jessica Barson, Anushree
Karkhanis*

Binghamton University, Binghamton, New York, United States

Background: The nucleus accumbens (NAc) shell is a hetero-
genous area that receives dopaminergic input from the ventral
tegmental area and serotonergic input from the dorsal raphe
nucleus. Both dopamine and serotonin are involved in regulating
addictive and affective behaviors. The dynorphin/kappa opioid
receptor (KOR) system has a powerful inhibitory control over the
monoaminergic neurotransmission in the NAc shell and shapes
behavioral outcomes. Recent studies have shown a regional
difference in KOR mediated behavioral outcomes; particularly, KOR
activation in the rostral NAc shell promotes hedonic behaviors. On
the contrary, KOR activation in the caudal NAc shell profoundly
reduces the hedonic behaviors. In the current study we first
establish regional differences in dopaminergic and serotonergic
inputs along the rostro-caudal axis. Then we determine the control
of KORs over these monoaminergic projections.
Methods: We measured dopamine and serotonin excitability in

rostral and caudal NAc shell using ex vivo fast scan cyclic
voltammetry (FSCV) in male and female rats. Specifically, we used
tonic (single pulse and 5 pulses at 5 Hz) and phasic (2 pulse and 5
pulses at 10, 20, 100 Hz) stimulation parameters and measured
dopamine and serotonin release in the two subregions of NAc
shell. In addition, we measured the effect of KOR activation using
the selective KOR agonist, U50488 (0.01 – 1.0 uM), on dopamine
and serotonin transmission in rostral and caudal NAc shell. For
behavioral experiments, rats were subject to light-dark box and
novel environment assays in order to examine avoidance/
approach behavior and rearing activity, respectively.
Results: Voltammetric measurements of dopamine following

phasic stimulation revealed that the increasing stimulation

frequencies resulted in significantly greater dopamine release
in both rostral and caudal NAc shell; however, the elevation in
dopamine release was enhanced in caudal compared to rostral
shell. While increasing stimulating frequencies resulted in
augmented serotonin release in both rostral and caudal NAc
shell, the increase was comparable in the two regions. Interest-
ingly, KOR-activation mediated inhibition of dopamine release was
significantly greater in caudal, compared to rostral shell. In
contrast, KOR-activation mediated inhibition of serotonin was
significantly greater in rostral compared to caudal shell. Our
behavioral data show that KOR-activation in caudal NAc shell
stimulated novelty-induced rearing behavior and enhanced
avoidance behavior. In contrast, activation of KORs in the rostral
NAc shell augmented approach behavior.
Conclusions: Together, these data indicate that dopamine

projections in the rostral and caudal NAc shell are possibly distinct,
whereas the serotonin projections are likely comparable across
the rostro-caudal axis. Furthermore, KOR system control over
dopamine is regionally opposite to its control over serotonin.
Lastly, the greater KOR-mediated inhibition of dopamine in caudal
shell likely drives anhedonia whereas KOR-mediated inhibition of
serotonin drives hedonic responses. Taken together, these results
indicate that there is heterogeneity across the rostro-caudal axis of
the NAc shell in the effects of KOR stimulation on affective
behaviors, and they suggest that this might be due to differences
in KOR control over dopamine and serotonin release.
Keywords: Dopamine, Serotonin, Kappa Opioid Receptors, Fast

Scan Cyclic Voltammetry
Disclosure: Nothing to disclose.

T190. Using the Novel Synthetic Neurosteroid SGE-516 to
Modulate the Escalation of Binge Drinking and its
Consequences in Male and Female Mice

Milán Benn, Alison Althaus, Tatiana Kazdoba, Laverne Melón*

Wesleyan University, Middletown, Connecticut, United States

Background: Post-traumatic stress disorder (PTSD) is one of the
most prevalent co-occurring psychiatric pathologies among indivi-
duals with alcohol use disorder (AUD). Although comorbidity
worsens the symptoms of both disorders, and worsens their
prognosis following treatment, no approved compound has
demonstrated efficacy to treat AUD comorbid with PTSD. GABAergic
neuroactive steroids are significantly altered by chronic alcohol and
play a role in the stress and arousal systems degraded in PTSD. In
particular, dampened plasma levels of allopregnanolone are found in
individuals with alcohol dependence or undergoing alcohol with-
drawal and in men and women with PTSD. Indeed, a long history of
work support allopregnanolone as playing an integral role in the
development or progression of AUD. However, allopregnanolone
shows sex-specific effects on alcohol drinking in animal models, and
previous clinical trials using a synthetic allopregnanolone analogues
suggest low bioavailability in humans following oral administration.
The goal of our present work was to establish whether a novel
synthetic neurosteroid GABA(A) receptor positive allosteric mod-
ulator, SGE-516, could successfully disrupt the escalation of binge
drinking or block the consequences of chronic alcohol exposure in
both male and female mice.
Methods: C57BL/6J mice received 3hr limited access to alcohol

(20%, v/v) in a manner that induces escalated binge alcohol
intake. On the 7th day of binge drinking, the synthetic
neurosteroid SGE-516 (450mg/kg; chow) was introduced in place
of regular chow and binge drinking behavior for the next 7 days
was recorded. After a 14 day withdrawal period, behavior in the
elevated plus maze was assessed in mice with a history of ethanol
drinking with or without SGE-516 treatment, and compared to
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similarly treated water drinking controls. Behaviors were coded by
experimenters blinded to treatment groups and all procedures
were approved by Wesleyan University’s Institutional Animal Care
and Use Committee. Data were analyzed for males and
females were analyzed and presented separately, using
repeated-measures ANOVA and t-tests where appropriate. Sample
sizes for data presented below are: Males: n = 9 - 11 mice/chow
group/fluid group; Females: n = 4–6 mice/chow group/fluid
group.
Results: For males (n = 11 control, n = 9 treated), a two-way

ANOVA on daily intake across the 2 weeks of access failed to reach
significance for a treatment-group by day effect [F(13, 234) =
1.098, p = 0.3)-as males usually do not escalate their intake during
this paradigm. However during the treatment week, intakes were
marginally lower for SGE-516 treated males when compared to
the standard chow group (t18 = 1.82, p = 0.08). Males with a
history of binge drinking did not show a significant effect of
alcohol exposure on behavior in the elevated plus maze. However,
there remained a significant group effect [F(2,13) = 4.19, p < 0.05],
as males with a history of binge drinking and SGE-516 treatment
spent a greater percent of time in the open arms than water-only
controls (p = 0.02).
Preliminary evidence in females (n = 4–6 per treatment group)

suggests that SGE-516 modulated binge drinking, as a two-way
rmANOVA found a marginal interaction between treatment-group
and day [F(13, 234) = 1.098, p = 0.08). Intakes were averaged and
compared across two weekly bins to follow our previous definitions
of “escalation” in this paradigm. Untreated females reliably escalated
their binge consumption of alcohol, showing greater intake during
week two than week one, whereas SGE-516 females failed to show a
change from their initiation intakes. Relatedly, average intake during
the drug chow week was marginally different between SGE-516
treated and standard chow groups (t8 = 2.18, p = 0.06), with SGE-
516 treated mice consuming 25% less alcohol than controls. For
withdrawal behavior two weeks after the cessation of both alcohol
and SGE-516 treatment, there was a main effect of group [F(2, 13) =
4.249, p < 0.05) as females with a history of binge drinking spent a
greater percent of time in the open arms of the plus maze (p < 0.05),
while SGE-516 treated females with a history of binge drinking
showed behavior similar to water-only controls (p = 0.99).
Though there was no difference in quantity of drug chow

consumed across sexes (Males consumed 4.83 g/day; Females
consumed 4.43 g/day), data collection and analysis quantifying
pharmacokinetics remain to be completed.
Conclusions: These findings suggest that synthetic neuroster-

oids may indeed be a successful treatment strategy to temper
binge drinking and is a successful treatment strategy to block the
expression of withdrawal behaviors associated with chronic
alcohol exposure. Future work will establish whether this
compound can block stress-escalated drinking in our mouse
model for comorbid PSTD/AUD.
Keywords: Allopregnanolone, Neurosteroids, Alcohol Use Dis-

order - Treatment, SGE-516, GABA
Disclosure: Nothing to disclose.

T191. SK609, a Novel Dopamine D3 Receptor Agonist and
Norepinephrine Transporter Blocker With Pro-Cognitive
Actions, Does Not Induce Psychostimulant-Like Increases in
Risky Choice During Probabilistic Discounting

Rachel Navarra*, Christopher Knapp, Brooke Fallon, Sandhya
Kortagere, Barry Waterhouse, Stan Floresco

Rowan University, Stratford, New Jersey, United States

Background: Cognitive and reward-related processes are modu-
lated by catecholamine circuits, such as norepinephrine (NE) and

dopamine (DA) input to the prefrontal cortex (PFC). Psychostimu-
lants block reuptake and elevate extracellular concentrations of
both NE and DA, and are common pharmacological strategies
used to improve PFC-dependent behavioral dysfunction asso-
ciated with neuropsychiatric disorders like attention deficit
hyperactivity disorder (ADHD). However, this approach can be
problematic given the side effect liability and abuse potential of
psychostimulants. SK609 is a novel NE reuptake blocker that
selectively activates DA D3 receptors without affinity for the DA
transporter. SK609 has been shown to improve sustained
attention similar to the ADHD-approved psychostimulant methyl-
phenidate (MPH), but not produce MPH-like increases in
spontaneous locomotor activity associated with DA transporter
activity. These findings suggest SK609 may help ameliorate
neurocognitive impairments without psychostimulant-like side
effects. The probabilistic discounting task (PDT) is a well-
established preclinical assay for risk/reward decision making that
resembles risky gambling behavior in humans. Psychostimulant
drugs such as amphetamine (AMPH) increase risky choice
behavior on this task.
Methods: The present set of experiments evaluated the pro-

cognitive drugs, AMPH, MPH, and SK609, for their potential to
produce psychostimulant-like increases in risky choice behavior
using the PDT.
Results: In well-trained male rats, AMPH and MPH increased

risky choice at doses known to improve other forms of cognition,
with this effect being driven by a reduction in sensitivity to non-
rewarded risky choices (i.e. lose-shift behavior). In contrast, SK609
did not affect overall risky choice, but tended to increase win-stay
and lose-shift behavior, suggesting that this compound enhances
the influence that recently rewarded and non-rewarded actions
exert over subsequent choice.
Conclusions: These data show SK609 has ability to produce

favorable effects on behavioral outcomes in other domains of
cognition mediated by the PFC, without psychostimulant-like side
effect liability assessed with the PDT. These data also highlight the
roles of NE transporter blockade and selective D3 activation in
pro-cognitive action. The absence of DA transporter blockade and
non-selective dopaminergic elevation are beneficial properties of
SK609 that differentiates it from the traditional pro-cognitive
psychostimulants.
Keywords: Reinforcement-Based Decision-Making, Reward-

Based Decision-Making, D3 receptor, Behavioral Pharmacology,
Operant Behavior
Disclosure: Nothing to disclose.

T192. Exposure to Chronic Witness Defeat Stress Elicits Stress-
Induced Increases in Fentanyl Consumption in Male and
Female C57BL/6 Mice

Daniela Franco*, Megan Fox, Andreas Wulff, Mary Kay Lobo

University of Maryland, School of Medicine, Baltimore, Maryland,
United States

Background: The opioid epidemic is an urgent, ongoing public
health crisis. Approximately 100 Americans die from an opioid-
related drug overdose every day. Unfortunately, potent synthetic
opioids, such as fentanyl, have accelerated rising opioid-related
drug overdose. As a result, there is a critical need to investigate
factors that may facilitate the initiation and development of opioid
use disorder. One such risk factor, exposure to social stress, has
been shown to increase the likelihood of escalated cocaine,
alcohol, and amphetamine consumption in preclinical research.
However, Chronic Social Defeat Stress (CSDS), a common
paradigm used to achieve social stress, often produces both
social and physical stress. Given that opioids possess inherent
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analgesic properties, it is important to delineate between
analgesic and rewarding effects when examining the potential
stress-sensitization of opioid consumption. Chronic Witness
Defeat Stress (CWDS), a recently validated paradigm that only
produces social stress, provides an opportunity to examine stress-
sensitized opioid consumption. Thus, the overall goal of the
current study was to evaluate stress-induced changes in fentanyl
consumption using CWDS and escalating fentanyl two-bottle
choice paradigms.
Methods: Male and female C57BL/6 mice were subjected to 10

days of CWDS, during which subjects indirectly experienced the
direct social defeat of a male C57BL/6 intruder mouse by a male
CD1 aggressor. CWDS was followed by a social interaction test to
determine susceptible (avoids behavioral interaction with a novel
social target) and resilient (approaches behavioral interaction with
a novel social target) behavioral groups. Once susceptible and
resilient behavioral phenotypes were established, mice completed
a 15-day escalating fentanyl two-bottle choice paradigm
that comprised of three distinct periods of forced fentanyl access,
each characterized by a higher dose of fentanyl (i.e. 5, 10, and
15 µg/mL). Each period of forced fentanyl access lasted four days
and was followed by a choice day of voluntary fentanyl
consumption wherein mice were allowed access to both fentanyl
and water. Mice were provided a 10 µg/mL solution of fentanyl on
the first-choice day and a 15 µg/mL solution on the second and
third choice days. A second social interaction test was carried out
three days after the completion of the fentanyl two-bottle choice
paradigm to assess susceptible and resilient behavioral pheno-
types after fentanyl exposure.
Results: Our data indicate that exposure to CWDS produces

stress-induced increases in fentanyl consumption. Specifically,
both resilient and susceptible male mice consumed more fentanyl
during all three forced access periods compared to their control
(no CWDS) counterparts. In contrast, susceptible female mice
voluntarily consumed more fentanyl compared to their resilient
counterparts and demonstrated higher fentanyl preferences
compared to female control and resilient groups during the
third-choice day. Male mice subjected to CSDS demonstrated
similar patterns of fentanyl consumption. In particular, susceptible
male mice preferred and consumed more fentanyl compared to
their resilient counterparts during the second period of forced and
voluntary access to fentanyl. Thus, both CWDS and CSDS
paradigms can yield stress-induced changes in fentanyl consump-
tion. Furthermore, both resilient male and female mice displayed a
decrease in social interaction after completion of the fentanyl two-
bottle choice paradigm, suggesting that fentanyl exposure itself
can negatively impact social behavior.
Conclusions: Taken together, findings from the current study

suggest that exposure to social stress can increase vulnerability to
opioid misuse in both susceptible and resilient populations. Future
work aims to elucidate changes in gene expression in fentanyl
drinking susceptible and resilient mice and evaluate whether
aversive emotional states can increase the motivational properties
of opioids using a self-administration paradigm.
Keywords: Opioid Abuse, Social Defeat Stress, Fentanyl
Disclosure: Nothing to disclose.

T193. Activation of G Protein-Coupled Estradiol Receptor 1 in
the Dorsolateral Striatum Attenuates Preference for Cocaine
and Saccharin Rewards in Male but not Female Rats

Jacqueline Quigley*, Jill Becker

University of Michigan, Ann Arbor, Michigan, United States

Background: There are sex differences in susceptibility to
addiction where females appear to be more vulnerable than

males. Extensive research has shown that the gonadal hormone,
estradiol (E2), enhances the rewarding properties of cocaine for
females and increases their motivation to engage in drug-seeking
behaviors. These studies, however, have largely focused on the
role of classical receptors, ERα and ERβ which has led to a gap in
our understanding of the role of the third E2 receptor, GPER1.
Additionally, while E2 is a prominent hormone in males, as well as
females, the role of E2 in male drug seeking has not been
extensively investigated. Therefore, the aim of the current study
was to identify whether activation or inhibition of the E2 receptor,
GPER1, in the dorsolateral striatum (DLS) alters preference for
cocaine or saccharin in female and male rats.
Methods: A total of 46 male and 30 female rats were included

in our first study which identified how ER manipulation alters
cocaine conditioned place preference (CPP). Rats underwent
surgery for the implantation of bi-lateral guide cannula into the
DLS. Stylets were inserted into the guide cannula and delivered
continuous treatment of either ICI (ERα/ERβ antagonist; GPER1
agonist), G1 (GPER1 agonist), G15 (antagonist) or Cholesterol
(vehicle). Time spent in the drug-paired chamber before and after
conditioning determined whether each animal developed a
cocaine CPP.
For our second study, 12 male and 12 female rats were used to

identify whether GPER1 activation, using G1, alters preference for
0.1% saccharin verse plain H2O. As described above, rats
underwent surgery for the implantation of bi-lateral guide cannula
into the DLS where treatment stylets were subsequently
administered. In this study, preference for saccharin was
determined using as two-bottle choice paradigm where each
animal had access to two bottles filled with either 0.1% saccharin
or plain H2O. The amount of liquid consumed from either of the
bottles was used to identify whether each animal developed a
preference for saccharin.
All animal care and experimental procedures were carried

out in accordance with the National Institutes of Health guidelines
on laboratory animal use and care and were approved by
University of Michigan Institutional Animal Care and Use
Committee.
Results: We found that males treated with ICI did not form a

preference for the drug-paired chamber (i.e., no CPP) however,
CHOL treated males did form a CPP (p = 0.0004). To differentiate
whether the effects of ICI were due to inhibition of ERα/ERβ or
activation of GPER1, we administered G1, a selective GPER1
agonist. Again, we found that males treated with G1 (p = 0.3804)
did not form a CPP for cocaine, but CHOL (p = 0.0001) treated
males did. In order to determine if GPER1 manipulation in the DLS
could bidirectionally modulate cocaine CPP, we also administered
G15, a selective GPER1 antagonist. We found that males treated
with G15 into the DLS formed a CPP (p = 0.0406) for a sub
threshold dose of 5mg/kg cocaine while CHOL treated males did
not. These results suggest that activation of GPER1 in the DLS is
sufficient to attenuate preference for 10mg/kg cocaine in males
and inhibition of GPER1 is sufficient to enhance preference for
5mg/kg cocaine, a dose that does not produce CPP in control
males.
We next tested whether the effects of GPER1 activation were

specific to cocaine or could broadly attenuate other types of
rewarding stimuli. We used a 2-bottle preference with 0.1%
saccharin vs H2O and found that males treated with G1, the GPER1
agonist, in the DLS had a significantly lower preference score than
CHOL treated males (p = 0.0411), indicating GPER1 activation
causes a conditioned avoidance for 0.1% saccharin in males. There
was no effect of G1 on preference for 0.1% saccharin vs. water in
females.
Conclusions: We have identified a novel role of GPER1 within

the DLS of male rats to modulate preference for two distinct types
of rewarding stimuli. Our results support the notion that activation
of GPER1 decreases the preference for cocaine in males, which is
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opposite of previous research findings in females where E2
enhances drug preference. Together, these results indicate that E2
could be playing opposing roles in males and females which may
explain why females are disproportionately susceptible to
addiction.
Our findings also have clinical relevance because they suggest

GPER1 activation may be protective in males. Interestingly, one
selective estrogen receptor modulator which regulates GPER1,
raloxifene, is already used in clinical practice for the treatment of
disease. It would be of value to determine if this drug, or others
like it, may be useful in the treatment of addiction for males
specifically.
Keywords: Sex Differences, GPER1, Addiction
Disclosure: Nothing to disclose.

T194. Chemogenetic Modulation of Pro-Opiomelanocortin
Hypothalamic Neurons Alters Ethanol Consumption and
Opioid Peptide Levels in a Sex-Specific Manner

Jonna M. Leyrer-Jackson, Lauren E. Hood, M. Foster Olive*

Arizona State University, Tempe, Arizona, United States

Background: Alcohol abuse is a worldwide public health concern
that leads to nearly 90,000 deaths within the United States
annually. Activation of the endogenous opioid system is one
mechanism by which alcohol may promote its euphoric and
motivational effects. Supporting the role of the endogenous
opioid system in alcohol abuse, the broad-spectrum opioid
receptor antagonist naltrexone is one of the most frequently
utilized medications for treating alcohol use disorders. Pro-
opiomelanocortin (POMC) producing neurons located within the
arcuate nucleus (ArcN) of the hypothalamus make up one
particular circuit of the endogenous opioid system, which heavily
project to reward-related brain areas. POMC producing neurons
are known to release β-endorphin and other peptides previous
associated with alcohol consumption. In this study, we aimed to
address whether chemogenetic modulation of ArcN POMC
neurons can drive ethanol consumption and produce changes
in POMC-related peptide levels.
Methods: B6.FVB-tg (POMC-cre)1Lowl/J (referred to as POMC-

cre) mice underwent a stereotaxic infusion of cre-dependent
DREADD viral vectors directly into the ArcN of the hypothalamus,
using either an inhibitory (AAV5-hSyn-DIO-HM4D(Gi)-mCherry),
excitatory (AAV5-hSyn-DIO-rM3D(Gs)-mCherry) or control (AAV5-
hSyn-DIO-mCherry) DREADD vector. After 4 weeks of recovery,
animals underwent 5 consecutive days of drinking-in-the-dark
(DID) testing, each of which lasted 2 hr. On day 5, 30 min prior to
the initiation of the DID session, animals were injected with
clozapine-N-oxide (CNO, 2 mg/kg, i.p.) to either activate or
inactivate POMC neurons within the ArcN. One hour following
the DID session, crude dissections of the ArcN, nucleus accumbens
(NAc), amygdala and ventral tegmental area (VTA) were taken.
Tissue samples were homogenized, and western blot analyses
were used to assess changes in POMC and β-endorphin
expression.
Results: When collapsed across sex, alcohol consumption

during the drinking-in-the-dark behavioral task increased across
the first 3 days, after which it stabilized. However, when analyzed
separately, females showed increased ethanol consumption across
sessions, whereas males did not (2-way RM ANOVA; F3,181 =
10.39; p < 0.0001). Interestingly, chemogenetic inhibition of POMC
neurons resulted in increased ethanol intake as compared to
following chemogenetic activation of POMC neurons (ANOVA;
F2,44 = 5.7; p < 0.01). and this effect was enhanced in females
compared to males (2-way ANOVA; F2,41 = 6.7; p < 0.001). In
Western blot analyses of POMC-derived peptide levels, post-hoc

comparisons revealed that inhibition of POMC neurons resulted in
enhanced expression of POMC in the ArcN (t170 = 4.7; p < 0.05),
amygdala (t170 = 5.5; p < 0.01), and NAc (t170 = 6.4; p < 0.001).
Inhibition of POMC neurons decreased β-endorphin expression
within the VTA, yet increased expression within the NAc, and these
effects appeared to be sex-dependent and were more pro-
nounced in females (2-way ANOVA; VTA: F1,41 = 1.3; p = 0.2; NAc:
F1,41 = 6.0; p < 0.05).
Conclusions: Here, we have shown sex differences in ethanol

consumption throughout the DID behavioral paradigm. Specifi-
cally, we report that females display escalation of ethanol intake
across DID sessions, whereas males do not. We demonstrate that
chemogenetic inhibition of POMC neurons promotes ethanol
consumption, an effect that is most evident in female mice. POMC
neuronal inhibition resulted in altered POMC and β-endorphin
expression in various brain regions, which were more pronounced
in female mice. Thus, together these results suggest that POMC
neurons regulate ethanol consumption in a sex-dependent
manner. Furthermore, POMC neurons may play a sex-dependent
role in modulating the underlying circuitry contributing to ethanol
consumption.
Keywords: Alcohol, Proopiomelanocortin Neurons, Chemoge-

netics, Alcohol Drinking
Disclosure: Nothing to disclose.

T195. Characterization of Neurofunctional Domain Measures
of the Addictions Neuroclinical Assessment Battery in Alcohol
Use Disorder

Nancy Diazgranados*, Emily Vogt, Brandon Manor, Tommy
Gunawan, Melanie Schwandt, Laura Kwako, Tonette Vinson,
Yvonne Horneffer, David George, George Koob, Vijay Ramchan-
dani, David Goldman

National Institute on Alcohol Abuse and Alcoholism, Bethesda,
Maryland, United States

Background: The Addictions Neuroclinical Assessment (ANA) is a
clinical and translational neuroscience framework comprised of
three neurofunctional domains relevant to addiction: Incentive
Salience, Negative Emotionality, and Executive Functioning. The
ANA battery uses deep phenotyping to better characterize these
neurofunctional domains with the goal of obtaining a compre-
hensive understanding of the etiology and heterogeneity of AUD
as well as developing precise and personalized treatments, as well
as for detecting efficacy and treatment mechanisms for AUD.
Here, we examine the self-report and behavioral task measures
within each of the three domains of the ANA battery for
relationships with AUD diagnosis as well as with non-ANA
measures of impulsivity, impaired control, stress and craving.
Methods: The study included a diverse sample of individuals

(n = 250) across the spectrum of alcohol use enrolled at the
NIAAA clinical research treatment program in Bethesda, MD.
Participants completed a comprehensive battery of self-report
questionnaires and behavioral tasks assessing the neurofunctional
domains of the ANA. Executive function measures included
working memory (Backwards Digit Span Task), spatial reasoning

(Manikin Test), reward-based decision-making (Effort Expenditure
for Reward Task, EEfRT), and visual attention (Trail Making Task,
TMT). Negative emotionality measures included scales of positive
and negative affect (Positive and Negative Affect Scale), alex-
ithymia (Toronto Alexithymia Scale-20, TAS), resilience (Connor-
Davidson Resilience Scale, CDRS) and distress tolerance (Paced
Auditory Serial Addition Task, PASAT). Incentive salience measures
included the hypothetical purchase task (HPT) and approach-
avoidance task (A-A task). Participants also completed self-report
measures of impulsivity, including the Barrett’s Impulsivity Scale
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(BIS-11), UPPS Impulsive Behavior Scale (UPPS-P), impaired control
(Impaired Control Scale, ICS), stress (Perceived Stress Scale, PSS),
and craving (Obsessive Compulsive Drinking Scale, OCDS).
Results: Initial analyses focused on examining the effect of AUD

diagnosis on the individual measures and demonstrated that the
AUD and non-AUD groups differed on nearly all measures. Next,
correlational analyses were conducted to examine relationships
between measures within domains and with non-ANA measures
associated with those domains. For the Executive function
domain, only the EEfRT measures were associated with the BIS-
11 and UPPS-P, while other task measures correlated only with ICS
subscale scores. Linear regression analysis, controlling for age, sex
and AUD diagnosis, indicated that the ICS perceived control score
(ICS−PC) was a consistent significant predictor across task
measures. Specifically, lower ICS−PC predicted a lower proportion
of correct responses on the Manikin task (p = 0.029) and an
increased total time on the TMT (p = 0.001). There was also a
significant ICS−PC x Sex interaction effect on total time on the
TMT (p = 0.038). For the Negative Emotionality domain, all the
ANA measures, except for the PANAS positive affect scale, were
highly correlated with PSS score. Subsequent regression analyses,
controlling for age, sex and AUD diagnosis, indicated that higher
perceived stress was associated with decreased positive affect
(p = 0.001) and resilience (p < 0.001), and predicted increased
negative affect (p < 0.001) and alexithymia (p < 0.001).
Additionally, there was a significant moderating effect of sex on
the relationship between perceived stress and resilience, with
females showing a steeper negative relationship than males (p =
0.002). While PASAT scores differed by diagnosis, regression
analysis indicated no significant relationship to PSS score.
Conclusions: These results indicate that, as expected, measures of

executive function and negative emotionality differed between AUD
and non-AUD individuals. Executive function domain measures were
inter-related and significantly associated with impaired control scale
measures, specifically perceived control, highlighting the importance
of including alcohol-specific measures of control to better character-
ize the neurofunctional underpinnings of AUD. Negative emotion-
ality self-report measures showed high fidelity with measures of
perceived stress, confirming that they are appropriate for assessing
this domain. Ongoing analyses are examining inter-relationships for
the Incentive Salience domain and associations with craving
measures, as well as relationships between measures across
domains. These findings add to our evaluation of the ANA battery
as a framework for understanding the heterogeneity in AUD based
on neurofunctional domains that underlie the neurobiology of
addiction. We are trying to determine if the ANA measures can also
index variation in progression of dysfunction in AUD, as well as being
indicators of risk. Application of this approach to characterize
individual differences in risk factors can help provide deeper insights,
more accurate assessments and potential targets and mechanisms
for treatment and ultimately better outcomes for AUD.
Keywords: Clinical Neurobiology, Alcohol and Substance Use

Disorders, Addiction Phenotypes, Negative Emotionality, Executive
Function
Disclosure: Nothing to disclose.

T196. Cortical Mechanisms in Relapse to Fentanyl Seeking
After Food Choice-Induced Voluntary Abstinence

Abstract not included.

T197. Social Cognitive Performance in Schizophrenia
Spectrum Disorders Compared to Autism Spectrum Disorder:
A Systematic Review, Meta-Analysis, and Meta-Regression

Lindsay Oliver*, Iska Moxon-Emre, Meng-Chuan Lai, Laura
Grennan, Aristotle Voineskos, Stephanie Ameis

Centre for Addiction and Mental Health, Toronto, Canada

Background: Schizophrenia spectrum disorders (SSDs) and autism
spectrum disorder (ASD) both feature social cognitive deficits,
which are highly debilitating. These include lower-level processes
(e.g. emotion recognition) and higher-level mentalizing processes
(e.g. theory of mind), thought to be subserved by partially
dissociable neural networks. Overlapping symptoms in SSDs and
ASD have long been recognized, particularly in the realm of social
deficits. However, despite some studies including both individuals
with SSDs and ASD showing similar levels of social cognitive
impairment, including lower-level and higher-level deficits, results
are mixed. Thus, our objective was to determine based on the
extant literature how deficits in social cognition diverge or overlap
between individuals with SSDs and ASD by conducting a
systematic review and meta-analysis of studies directly comparing
these groups on performance-based social cognitive measures.
Methods: Literature searches were conducted in MEDLINE,

Embase, PsycINFO, and Web of Science to identify articles that
utilized performance-based measures to assess social cognition in
both SSDs and ASD samples. Across accepted articles, random-
effects meta-analyses were conducted for identified lower-level
(e.g. facial and/or context-embedded emotion recognition) and
higher-level (e.g. intention understanding, perspective taking)
social cognitive measures, and separately for the Reading the
Mind in the Eyes test (RMET). Effect sizes were estimated using
Hedges’ g (SSDs-ASD). Heterogeneity of effect sizes and publica-
tion bias were assessed for each meta-analysis. Moderator and
sensitivity analyses were also conducted to identify sources of
heterogeneity and evaluate robustness of effects.
Results: Of the 4175 screened articles, 36 were included in the

qualitative analysis and 33 were included in the quantitative
analyses (SSDs N = 1113, ASD N = 1015). The meta-analyses
showed that there were no significant differences between SSDs
and ASD groups on lower-level social cognitive measures (k = 15,
g = 0.12, 95% CI [−0.07, 0.30], p = 0.21, I2 = 51.0%; one outlier
excluded), higher-level social cognitive measures (k = 17, g =
−0.01, 95% CI [−0.21, 0.19], p = 0.92, I2 = 56.5%; one outlier
excluded), or the RMET (k = 13, g = 0.25, 95% CI [−0.04, 0.53], p =
0.095, I2 = 75.3%). There was no evidence of publication bias.
However, heterogeneity of effect sizes was apparent across meta-
analyses and was only minimally explained by explored mod-
erators. Sensitivity analyses confirmed robustness of findings.
Conclusions: Based on meta-analyses of the extant literature,

similar levels of social cognitive impairment may be present in
SSDs and ASD, across lower- and higher-level social cognition.
However, there was considerable between-study heterogeneity in
social cognitive performance differences between SSDs and ASD
groups. The included studies highlight the prevalence of small,
male-predominant samples, and a paucity of clinical measures
across SSDs and ASD groups. Cross-disorder studies probing social
cognitive domains with larger samples, consistent reporting of
clinical measures, and neuroimaging are needed to substantiate
these findings, clarify underlying mechanisms, and parse
heterogeneity.
Keywords: Meta-Analysis, Social Cognition, Schizophrenia

Spectrum Disorders, Autism Spectrum Disorder, Systematic
Review
Disclosure: Nothing to disclose.

T198. Biological and Environmental Distinctiveness of Data
Driven Dimensions of Psychopathology in the Adolescent
Brain and Cognitive Development Study

Amirhossein Modabbernia*, Abraham Reichenberg, Sophia
Frangou
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Icahn School of Medicine At Mount Sinai, New York, New York,
United States

Background: Identifying dissociable dimensions of psychopathol-
ogy with distinct neurobiological and environmental underpin-
ning is challenging but important, because it offers an opportunity
for more targeted intervention. In the present study, we aimed to
Identify data-driven dimensions of psychopathology that are
maximally dissimilar to each other and to characterize their
distinct neurobiological, individual, and environmental signatures.
Methods: We used data from the baseline visit of the ABCD

study, a prospective longitudinal Multicenter population-based
cohort. The study participants were 11875 individuals age 9–10
who were selected through multi-stage probability sampling and
were representative of the US population. We conducted
independent component analysis (ICA) on items of Childhood
Behavior Checklist to identify maximally dissimilar dimensions of
psychopathology. The optimal number of components were
found using stability and leave-one-site analysis. We further
tested the association between individual, environmental and
functional and structural brain organization and the resulting
dimensions using both linear and nonlinear modeling. We further
compared these data-driven dimensions with precomputed CBCL
subscales and syndrome scales derived from factor analytic
solutions.
Results: A total of 9983 subjects from 9983 unique families

(47.8% female, 50.8% white) were selected for the analysis. We
found three highly stable and distinct components representing
oppositional behavior, cognitive dyscontrol, and negative affect
(Stability = 0.9, range = 0.85–0.92). Despite sharing important risk
factors such as trauma, parental psychopathology, and financial
difficulties, the ICA-driven components were neurobiologically
distinct with respect brain structural and functional organizations
and were separable on demographic, psychological, cognitive,
and environmental factors. This distinctiveness in neurobiological
and environmental signature of psychopathology was attenuated
or absent in CBCL precomputed subscales.
Conclusions: Using a data-driven approach and linear and

nonlinear modeling, we found separable psychopathological
components with distinct individual, psychosocial, and neurobio-
logical signatures and different patterns of sensitivity to environ-
ment and brain-environment interactions. Findings of the present
study can enhance our understanding of the neurobiological
underpinning of psychopathology while at the same time
providing new avenues for targeted prevention and treatment
strategies.
Keywords: Adolescent Brain Cognitive Development Study,

Human Neuroimaging, Child Psychopharmacology
Disclosure: Nothing to disclose.

T199. Does Transcranial Magnetic Stimulation Work Through
Synaptic Plasticity?

Joshua Brown*, William H. DeVries, Jeffrey Korte, Gregory
Sahlem, Linda Carpenter, Mark George

Alpert Medical School of Brown University, Providence, Rhode Island,
United States

Background: Repetitive Transcranial Magnetic Stimulation (rTMS)
is a safe and effective treatment for depression, and potentially for
numerous other neuropsychiatric disorders. While the utilization
of rTMS is advancing rapidly, it is without a clear mechanistic
understanding of how TMS changes the brain. We hypothesized
that high-frequency (HF)-rTMS (such as 10 Hz protocols commonly
used in clinics) may enhance the strength of synaptic connections
between neurons coming from the prefrontal cortex through

long-term potentiation (LTP), a form of synaptic plasticity. We
previously reported that NMDA receptor partial agonist, d-
cycloserine, was sufficient to enhance potentiation in motor-
evoked potentials (MEPs), a measure of cortical excitability. In the
same subjects, we sought to further test the role of NMDA-
receptor dependent LTP in HF-rTMS using paired-pulse protocols,
Intracortical Inhibition (ICI) and Intracortical Facilitation (ICF),
which enable examination of relative GABAergic and glutamater-
gic contributions, respectively.
Methods: Ten healthy participants aged 18 to 50 (6 male) were

randomized into a double-blind, crossover pilot study comparing
the effects of 100 mg d-cycloserine (DCS), an NMDA receptor
partial agonist vs. placebo on motor evoked potentials (MEPs)
before and after 300 pulses of 10 Hz rTMS (1.5 sec on/58.5 sec off)
over the left motor cortex at 80% motor threshold. Baseline ICI/ICF
measures were taken prior to rTMS, and 1 hour after drug
administration to account for effects on baseline excitability. The
rTMS ‘plasticity protocol’ was administered 2 hours after placebo
or DCS capsules were given orally. Post-TMS ICI/ICF measures were
obtained within 30 minutes following rTMS. Visits were at least 1
week apart for drug wash-out. ICI and ICF are both calculated by
dividing the paired-pulse MEP amplitude by the single-pulse MEP
amplitude to produce a percent change (PC). Post-rTMS PC is
subtracted from Pre-rTMS PC. These values are compared
statistically with Wilcoxin sum-ranked test, with-in subjects
between each drug condition. ICF interstimulus interval (ISI) was
15 ms and ICI ISI was 3 ms. The initial subthreshold pulse is at 80%
resting motor threshold (rMT) and the second suprathreshold
pulse is approximately 120% rMT, or calibrated to evoke a 1 mV
MEP.
Results: ICF was inhibited in the DCS group relative to placebo.

Average PC values before and after rTMS in the placebo group
were 24.875 and 60.445; compared to 55.939 and 21.118 in the
DCS group; p = 0.037, effect size = 1.050. ICI was further inhibited
in the DCS group relative to placebo. Placebo values before and
after rTMS were -62.34 and -37.351 compared to -44.237 and
-70.615 in the DCS group, p = 0.027; effect size = 1.066.
Conclusions: In a small sample size of ten healthy subjects, ICF

was blunted and ICI enhanced. While interpretation of a small
study should be approached with caution, these unexpected
results could be explained by homeostatic plasticity. In this case,
the superimposed potentiation from DCS and HF-rTMS may
induce, but still outweigh, increased GABAergic tone. Thus,
despite a net positive MEP (published previously), when elicited
by a short-term plasticity protocol designed to isolate GABAergic
inhibition (like ICI), the isolated inhibition would be enhanced. In
this case, residual GABAergic tone might still be present at 15 ms,
when GABA neurotransmission should have been dormant, thus
counteracting or even reversing the facilitation protocol. Replica-
tion and extending the ISI are necessary next steps.
Keywords: Synaptic Plasticity, Repetitive Transcranial Magnetic

Stimulation (rTMS), NMDA Receptor, GABA-A Receptors, Motor
Evoked Potentials
Disclosure: Nothing to disclose.

T200. Default Mode Network Remodels Frontoparietal
Network in Self-Referential Task

Genevieve Yang*, Ahmad Mayeli, Masaya Misaki, Tsuchiyagaito
Aki, Martin Paulus, Jerzy Bodurka

Icahn School of Medicine At Mount Sinai, New York, New York,
United States

Background: Default mode network (DMN) is a large-scale brain
system originally characterized by neural deactivation during goal-
directed tasks and relative activations in “task-negative”, or resting
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states. Recent works challenge this antagonistic framing, showing
that internally directed cognitive tasks can produce greater DMN
activation than at rest. This DMN activity is associated with task-
linked coupling between DMN and the frontoparietal control
network (FPCN), a brain system implicated in guiding goal-
oriented cognition. Additional work suggests FPCN has subsys-
tems specializing in externally vs. internally directed tasks, the
latter being relatively under-studied. We added to this effort to
map internally directed cognition through network analysis of an
exemplar internally directed task.
Methods: Using functional magnetic resonance imaging in 27

healthy subjects, we examined DMN and FPCN within- and
between-network connectivity in the context of an internally cued
self-referential task compared to an externally cued control
counting task.

Results: Self-referential thoughts increased within-network
connectivity in DMN (F = 3.7, p < 0.04) while disrupting it in
FPCN (F = 23.2, p < 8 x 10-8). This disruption was associated with a
subset of FPCN coupling with DMN. Data-driven characterization
of the FPCN subcomponent revealed pronounced left lateraliza-
tion (p < 0.002, z = 37.3).
Conclusions: Self-referential cognition increased connectivity

within DMN and between DMN and left-lateralized cognitive
control regions in FPCN. This task-dependent network coordina-
tion may inform the future study of neuropsychiatric conditions
where altered DMN or FPCN connectivity has been implicated,
including autism, depression, migraine, and psychosis.
Keywords: Functional MRI (fMRI), Default Mode Network (DMN),

Autobiographical Memory
Disclosure: Nothing to disclose.
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