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Abstract: Proximal peripheral nerve injuries (PNIs) require long-distance axon regeneration for
target reinnervation and motor functional recovery. Although mature peripheral neurons can
slowly regenerate their damaged axons after injuries, they often failed to form functional
synapses at the motor end plates after chronic denervation resulting in incomplete motor
functional recovery even after immediate surgical repairs. In the past decade, much effort has
been attributed to the understanding of the molecular machinery required for successful axon
regeneration after injuries. Many regeneration-associated genes (RAGs) have been identified to
play an indispensable role in axon regeneration. Among these RAGs, co-ablation of PTEN and
SOCS3 in injured retinal ganglion cells (RGCs) is known to induce sustained and long-distance
axon regeneration after optic nerve crush injuries. Although viral-based gene delivery systems
underwent rapid development in the recent years as a potential treatment option for various
neurodegenerative diseases, silencing tumor suppressor genes like PTEN and SOCS3 might
possess undesirable effects on tumorigenicity which limited their therapeutic use in clinical
practice. Therefore, the current study aimed to identify bioactive small molecules that induced
robust axon regeneration and functional recovery after nervous system injuries. We first
identified differentially expressed genes in PTEN and SOCC3 co-deleted RGCs from a publicly
available microarray dataset, and used this gene expression profile signature to query a drug-
associated gene expression profile database LINCS for in silico screening of bioactive small
molecules. Using a pattern-matching algorithm, 4 bioactive small molecules with high
connectivity scores were shortlisted for functional validation using in vitro cultures of
axotomized dorsal root ganglion (DRG) neurons. Of these, one small molecule was found potent
in promoting neurite outgrowth from in vitro cultured DRG neurons, and in vivo axon
regeneration in a mouse model of PNI. Mice treated with the small molecule showed early
restorations in both sensory and motor function after sciatic nerve crush injuries. These mice also
demonstrated significantly larger compound muscle action potential (CMAP) amplitudes in



proximal gastrocnemius and distal interosseous muscle compared with the vehicle-treated
controls. Taken together, our study highlighted the therapeutic potential of this small molecule in
treating patients with proximal PNIs. Further investigation is required to assess whether this
small molecule could also promote axon regeneration after CNS injuries.
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Abstract: Distal nerve transfers (DNTS) are a popular reconstructive technique for peripheral
nerve injuries. In these surgery, the distal motor targets of an injured nerve are reinnervated by a
redundant branch of a nearby functioning nerve. A significant challenge that inhibits full
recovery following a DNT, particularly in the lower limb where synergistic transfers are not
possible, is cortical relearning. As DNTSs require the donor nerve to innervate new targets,
synaptic plasticity is integral to success. Postoperative exercise therapy improves plasticity and
enhances regeneration following a nerve injury; however, its effects have never been evaluated
in DNTs. We have recently shown that conditioning electrical stimulation (CES) delivered to the
donor tibial nerve one week prior to DNT significantly improves reinnervation of the tibialis
anterior muscle and normalization of gait kinetics and kinematics however full range of motion
is never regained, and the associated bones show a reduction of mineralization, making them
susceptible to future fractures. To optimize the chances of full recovery, actions targeting the
surrounding muscles and bones are needed. Postoperative exercise therapy improves plasticity
and enhances regeneration following a nerve injury; however, its effects have never been
evaluated in DNTSs. Our data (n=4/cohort) demonstrates that compared to DNT alone, CES, and
Ex animals accelerate nerve regeneration, increased NMJ innervation, tibialis anterior muscle
weight, compound muscle action potential, and foot dorsiflexion. Exercise animals had increased
BDNF and Vglutl expression at the spinal cord suggesting plasticity at the ventral horn.
Functionally, the CES+exercise animals had superior kinetic and kinematic gait analysis
compared to CES or exercise alone. Importantly, however, micro-CT analysis revealed the tibial
bone mineral density recovered in the Ex animal cohorts only. Conclusions: Conditioning
electrical stimulation coupled with post-operative exercise on lower limb distal nerve transfers



further accelerates nerve regeneration and functional recovery including muscle reinnervation,
gait, bone mineral density and synaptic plasticity at the spinal cord.
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Abstract: Traumatic injury of peripheral nervous system (PNS) causes neuropathic pain and
denervation of target muscles, inevitably resulting in morbidity of sensory and motor functions.
The formation of neuroma resulting from absence of proper target for axonal regeneration
inhibits appropriate functional restoration and provides as a primary onset of pain condition.
Because they cannot make spontaneous recovery without surgical intervention, a variety of
surgical attempts to prevent neuroma formation and provide environments for axon sprouts have
been tried. However, it has still limited clear improvement in successful functional recovery and
versatile application because of reformed neuroma. In this study, we investigated the effects of
peripheral nerve transfer to the targeted muscle 1) to prevent neuroma-induced neuropathic pain
and 2) to restore motor after re-innervation to the target muscle. The tibial nerve was transected
and transferred to the adjacent part of gastrocnemius muscle at the different time intervals after
denervation (immediately or 12 days) in rats. Behavioral test for mechanical sensitivity was
quantified by using paw withdrawal threshold (PWT) test and tibial nerve function index (TFI)
was analyzed for confirming change of paw deformity during 8 months after nerve implantation.
The expression of CGRP from dorsal part of spinal cord to compare sensitized pain transmission
of CNS was analyzed. Morphological and functional formation of neuromuscular junction (NMJ)



was investigated by labeling acetylcholine receptor (AChR) at 8 months after surgery, and
electromyography (EMG) was performed at the targeted muscle at 8~12 weeks after surgery.
After nerve implantation, PWT was significantly increased, and muscle atrophy was less
progressed in all the nerve implantation group regardless of denervation time interval.
Expression of CGRP showed no significant difference between nerve implantation and normal
group, while nerve injury only group was significantly increased. The structure of AChR cluster
was clearly observed from targeted muscle and the results of EMG showed the contraction of
targeted muscle when provide electrical stimulation to the implanted nerve. The present results
suggest that implantation of injured peripheral nerve to target muscle have effects on prevention
of traumatic neuroma-related neuropathic pain and reinnervation following neuromuscular
reconstruction. These sensory and functional outcomes may provide preclinical evidence for
clinical application of surgical reconstruction for peripheral nerve regeneration and
reinnervation.
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Abstract: The complement system gets activated during inflammatory conditions and has been
reported to have crucial roles in various tissue regeneration processes. We have recently
demonstrated that the complement C5a receptor (C5aR) is involved in tissue regeneration and
healing process through various pathways including nerve sprouting and hard tissue
regeneration. Another C5a-like 2 receptor (C5L2) has been cloned which is still considered
controversial due to limited studies. Previously, we established that C5L2 regulates brain derived
neurotropic factor (BDNF) secretion in pulp fibroblasts. However, there is no study available on
human dental pulp stem cells (DPSCs), especially in the inflammatory context. Stem cells
therapy is incipient technique to treat and prevent several diseases, while DPSCs are an emerging
option to be considered due to their great ability to differentiate into a variety of cells and secrete
nerve regeneration factors. Here, we demonstrated that C5L2 modulates BDNF secretion in
DPSCs. Our results stated that C5L2 silencing through siRNA can increase the BDNF
production which could accelerate the nerve regeneration process. Moreover, stimulation with



lipopolysaccharide (LPS) enhanced BDNF production in C5L2 silenced DPSCs. Finally, we
quantified BDNF secretion in supernatant and cell lysates using ELISA. Our results showed
enhanced BDNF production in C5L2 silenced DPSCs and hampered by the p38MAPKq inhibitor.
Taken together, our data reveal that C5L2 modulates BDNF production in DPSCs via the
p38MAPKy pathway.
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Abstract: Sensory neurons located in dorsal root ganglia (DRG) convey sensory information
from peripheral tissue to the brain. After peripheral nerve injury, macrophages derived from
circulating bone-marrow-derived precursors accumulate at the site of nerve injury and promote
axon regeneration. An increase in macrophages in the DRG (DRGMacs) also occurs in response
to nerve injury. However, only a small population of circulating bone-marrow-derived precursors
are present in the DRG after nerve injury. Hence, the source and function of DRGMacs after
peripheral nerve injury remains unclear. Here we mapped the fate and response of DRGMacs to
nerve injury using macrophage depletion, fate-mapping and single-cell transcriptomics. In
addition to a small population of circulating bone-marrow-derived precursors, we identified three
other subtypes of DRGMacs after nerve injury. Self-renewing macrophages, proliferating from
local resident macrophages represent the largest population of DRGMacs. The other two
subtypes include microglia-like cells and macrophage-like satellite glial cells. The self-renewing
macrophage population contributes to promote axon regeneration. These data uncover DRGMacs
features that distinguish them from nerve macrophages and highlight that nerve injury induces



macrophage local proliferation in DRG. The heterogeneity of DRGMacs in response to nerve
injury may inform future therapeutic approaches to treat nerve injury.
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Abstract: Peripheral nerve injuries are frequent and when severe can lead to loss of function and
debilitating pain states. Past clinical evidence has shown direct median nerve electrical
stimulation (ES) improves functional recovery in severe carpal tunnel syndrome (sCTS), but this
approach is invasive. More recently, we have shown a novel non-invasive approach called acute
intermittent hypoxia (AIH) promotes regeneration of completely transected and co-apted rat
peripheral nerves in a manner akin to ES. To directly compare AlH treatment to past clinical
findings in a common clinical model like SCTS model and assess the repair potential that AIH
treatment could hold for compression injuries, we developed a highly reproducible and precise
nerve compression and decompression preclinical model. Nerve compression injuries were
performed (adapted from Chen et al., 2020 J Neurosci Meth 335:108615) using mechanical force
gauge sensor linked to a data acquisition system, allowing reproducible and consistent unilateral
compression injuries in adult male Lewis rats delivering 14 grams of force on each of a series of
4 constriction sites over a distance of 3mm. Preliminary data supports that either a single AIH
treatment (10 cycles of 5 minutes 11% O2 alternating with 5 minutes 21% O2) 7d prior to
decompression and/or daily AlH treatments for 7d post-decompression effectively
conditions/promotes compressed nerves to mount a heightened expression of regeneration-
associated genes and regenerate significantly longer distances than Normoxia controls when
assessed 7 days post-decompression. Furthermore, our compression/decompression model
induces a hyposensitivity (SCTS symptom), which improved in animals given cAlIH treatment
evident as early as just a few days post decompression. Collectively this supports that AIH, as a



novel non-invasive therapy, can be used to effectively support improved nerve repair outcomes
following nerve decompression.
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Abstract: Injury to peripheral nerves stimulates MAP kinase stress signaling, leading to a potent
pro-regenerative transcriptional response that can result in significant functional recovery.
However, axon regeneration is frequently inadequate and slows with age-related reduction of
environmental support. Here we provide evidence that a second branch of axonal injury
signaling, the Integrated Stress Response (ISR), may limit adult sensory axon regeneration,
especially in growth-restrictive settings. An siRNA screen performed on adult dorsal root
ganglion (DRG) neurons in vitro identified Activating transcription factor-4 (Atf4), a prominent
mediator of the ISR, as a negative regulator of regeneration. The promotion of axon growth upon
knockdown of Atf4 could be mimicked with siRNA targeting the endoplasmic reticulum (ER)
stress-responsive kinase Perk, but not sSiRNA against other ISR-activating kinases. To elucidate
the role of Atf4 in the transcriptional regenerative response, we performed bulk RNA sequencing
on cultures enriched for adult sensory neurons derived from Atf4 conditional knock-out mice.
The data suggest neuronal Atf4 is a substantial contributor to the injury-induced transcriptional
program, with Atf4 knockout resulting in over one thousand differentially expressed genes.
However, the impact of Atf4 knockout on prominent regeneration-associated genes, such as
Sprrla, Atf3, and KIf6 is modest, suggesting Atf4 does not restrict regenerative capacity by direct
repression of pro-regenerative response genes. Additional gene expression profiling of sSiRNA-
treated cultures was used to further understand how the ISR contributes to the transcriptional
response. Leveraging these two RNA sequencing approaches in parallel enables stratification of
Atf4-dependent genes into groups that are: (1) dependent upon Perk, and (2) dependent upon the
CCAAT/enhancer binding protein-gamma (C/ebpy), a likely heterodimeric partner of Atf4. The



data suggest a model in which injury-induced Perk, activated in parallel with pro-regenerative
MAPK stress signaling, limits regeneration through upregulation of Atf4, which regulates
downstream targets through its interaction with C/ebpy and through other dimeric partners.
Taken together, these data reveal a previously unappreciated role for the ISR in the
transcriptional response to peripheral axon injury and raise the possibility that modulating this
branch of the response could enhance nerve repair.
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Abstract: Introduction: The treatment of nerve gap injury longer than 30 mm using artifical
nerve conduits remains a significant challenge. Our previous study has shown successful nerve
regeneration across a 40 mm gap using multiluminal nerve conduits containing glial-derived
neurotrophic factor (GDNF) and pleiotrophin (PTN). While this combination improved axon
regeneration and functional recovery, abnormal axonal sorting and poor remyelination of the
regenerated axons were observed. Neuregulin 1 type Il (NRGL1) plays a significant role in
Schwann axon myelination during development and after injury: binding of NRGL1 to the
ErbB2/3 receptors instructs the conversion of Schwann cell precursors into pro-myelinating or
Remak type. We propose that NRG1 combined with PTN, will provide successful re-myelination
of regenerated nerves across critical gaps. Methods: Growth factor encapsulated microparticles
(MPs) were first tested in vitro using dorsal root ganglia (DRG) explant culture. In vivo
investigation was conducted on 24 adult female New Zealand White rabbits using a peroneal
nerve injury model. The toe-spread reflex of the animals was recorded 5-28 weeks post-injury as
a measure of functional recovery. After 28 weeks, the animals underwent a terminal surgery for
electrophysiological and muscle force measurements. Tissue samples were collected for electron
microscopy and histology. Results and Conclusion: NRG1 and NRG1+PTN MPs showed
increased axon number and length in DRG culture assy. The toe-spread reflex experiment
showed that the growth factor groups significantly improved functional recovery compared with
the negative control with a final toe-spread index (TSI) >0.6. Electrophysiological results from



the affected muscle showed that PTN+NRGL1 increase the CMAP to 353 pV and maximum
evoked muscle response to 0.0.3036 N, with both growth factor groups having better results than
the empty control. Histological analysis of the distal end of the peroneal nerve also showed the
growth factor groups had higher numbers of myelinated axons and lower G-ratio. We also
observed an increased number of Sox10* Schwann cells in the middle segment of the conduits
containing NRGL1. Together, these results demonstrated an improvement in the anatomical and
functional regeneration of long gap nerve injury using NRG1 containing nerve conduits and
supports the notion of a combination of growth-promoting and re-myelinating factors for
optimizing the repair of critical nerve gap injuries using off-the shelf alternatives.
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Abstract: INTRODUCTION: Peripheral nerve injuries are common. Unfortunately, severe high
ulnar nerves injuries carry poor outcomes even after surgery. Principle reasons being the
significant distance the ulnar nerve must regenerate to reach its target. End-to-end (ETE) nerve
transfers by coapting the anterior interosseous nerve (AIN) to the ulnar nerve can markedly
shorten the distance. Though it produces better outcomes compared to nerve reconstruction,
transection of the ulnar nerve presents a dilemma in incomplete injuries, as it ablates the
possibility of native nerve regeneration. To circumvent this, reverse end-to-side (RETS) transfer
by coapting the AIN to the side of the ulnar nerve close to their end target would still preserve
the path for the native nerve fibers to regenerate. However, whether RETS transfer would indeed
enable axons from the AIN to grow down the ulnar nerve has not been tested in humans.

The purpose of this study was to (1) determine the source of regenerating axons among nerve
transfers using a novel technique, and (2) compare the outcomes of high ulnar nerve patients
after AIN RETS transfer to AIN ETE or nerve decompression alone.




METHODS: Patients with severe high ulnar nerve injury were divided into 3 groups: RETS,
ETE or decompression at the elbow. All had nerve compression at the elbow except 10 patients
in the ETE group who had high ulnar nerve laceration or traction injury. In the nerve transfer
groups, decompression was also performed at Guyon’s canal. Novel electrophysiology measures
were used to quantify the regeneration of AIN and ulnar nerve fibres while functional recovery
was evaluated using key pinch strength and von Frey filaments. The patients were followed post-
surgically at regular intervals for a minimum of 2 years.

RESULTS: Sixty-two patients (RETS=25; ETE=16; decompression=21) from four centres in
Western Canada were enrolled. Post-surgically, no axonal growth from the AIN to the abductor
digiti minimi muscles was seen in any of the RETS patients while significant regrowth was
found in all ETE patients with corresponding functional improvement. While there was no
significant improvement in CMAP amplitudes in the decompression and RETS group, key pinch
strength significantly improved in the RETS group (p<0.05) but not in the decompression group.
CONCLUSION: All reinnervation that occurs in the RETS occurs through the ulnar nerve. ETE
nerve transfers demonstrated better electrophysiologic and sensory recovery compared to RETS
and decompression. However, both the RETS and ETE group demonstrated significantly
improved key pinch.
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Abstract: Despite recent progress, the genetic and cellular mechanisms functionally underlying
neuronal regeneration remain incompletely defined. Even with the census of neuronal types and
mounting evidence for cell-type dependency of regeneration, relatively few neuronal types have
been tested for regeneration. Also, it is often unclear whether single-lesion “conventional”
pathways or two-lesion “conditioned” pathways are driving regeneration. Our lab established a
regeneration model in the roundworm C. elegans to address the issues above. C. elegans is a
powerful in vivo model for studying neuron regeneration because it shares numerous conserved
processes with mammals and is genetically amenable. Dual-leucine zipper kinase, dlk-1/DLK,
functionally underlies conventional regeneration in C. elegans and mice. In conditioned
regeneration, the central axon regenerates following injury if there is a conditioning lesion of the



peripheral sensory axon. We assess the role of cAMP response element binding protein, crh-
1/CREB, in conditioned regeneration because CAMP has long been shown to drive conditioning.
We test conventional and conditioned regeneration in sensory, inter-, and motor neurons. To test
conventional regeneration, we cut the axon once. For conditioned regeneration, we cut the axon
and dendrite concomitantly (bipolar) or the axon twice, 24 hours apart (unipolar). The
conditioning effect is the difference between regeneration after one cut and regeneration after
two cuts. We assess regeneration in wild-type, dlk-1, crh-1, and double-mutant dlk-1; crh-1 (n >
20 animals for each condition). Mutation of dlk-1 reduces conventional regeneration by 100%,
67%, and 37% in the ASJ, PVQ, and HSN neurons, respectively. Mutation of crh-1 slightly
lowers regeneration after axotomy suggesting a minor role of crh-1 in conventional regeneration.
Conditioned regeneration is slightly reduced in dlk-1 indicating a small role of DLK in
conditioning. Most importantly, loss of CREB eliminates the conditioning effect in 5 of 6 cases,
independently of DLK. Our study establishes dlk-1 and crh-1 as partially independent, primary
drivers of conventional and conditioned regeneration, respectively. Our results define a baseline
capacity for regeneration of several neurons. Prior studies demonstrated that overactivated CREB
enhances regeneration, but we show that conditioning functionally requires crh-1. Our future
studies will target known molecules in the well-defined CREB pathways. Eventually, we can
correlate our regeneration data with CeNGEN data on neuron-specific gene expression in C.
elegans to identify candidate genes to assay in regeneration.
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Abstract: GABA progenitor cell transplantation has the potential to treat neurological diseases
caused by altered inhibitory neurotransmission and/or loss of GABAergic interneurons. To be
effective, transplantation should achieve certain minimally necessary conditions; in particular,
transplant-derived neurons must survive after transplantation, migrate to the affected host brain
region, and integrate into existing host circuitry. To that end, embryonic medial ganglionic
eminence (MGE) progenitors are an ideal candidate for generation of GABAergic interneurons



following transplantation. More than a decade of previous work from our laboratory has shown
that embryonic MGE progenitors migrate widely and integrate into host circuits following
transplantation (Alvarez-Dolado et al. 2006; Hunt et al. 2013; Sebe et al. 2014; Howard and
Baraban, 2016; Casalia et al. 2021). However, MGE survival and migration can be variable
across a variety of published transplantation studies. Potential cause(s) for this variability
include: (i) age of the host brain and (ii) location in the host brain where progenitors are
transplanted. To systematically examine these possibilities, we transplanted murine embryonic
MGE GFP-expressing progenitors into mice at different stages of development (early postnatal,
juvenile, or adult) and different brain locations (cortex or hippocampus). Sacrificing recipient
animals at 30 days after transplantation we used double-and triple-label immunofluorescence
with confocal microscopy to assess survival, migration and maturation profiles. MGE-GFP
derived cells expressed GABA, parvalbumin, somatostatin and nNOS as expected. We noted
higher survival percentage (15% vs. ~2%) and greater migratory ability (3 mm vs. 0.9 mm) for
MGE transplantation into early postnatal compared to juvenile or adult brain (in cortex and
hippocampus). Host brain region also influenced the maturation profile of MGE-derived cells
and the migratory pathways used by these cells following transplantation. MGE progenitors
transplanted in hippocampus showed a unique migration route depending upon hippocampal
subregion where the cells were deposited. Taken together, our data suggest that host brain
environment plays a major role in determining the effectiveness of MGE progenitor cell
transplantation.
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Abstract: Loss of sight is a major handicap that can play a large role in the overall satisfaction
of life. Diseases such as retinitis pigmentosa, macular degeneration, and diabetic retinopathy are
incurable at present. Further, age-related diseases of the retina are expected to increase as a large
portion of the United States population grows older. Zebrafish are a current model for research of
retinal regeneration. In contrast to mammals, zebrafish Muller glia fully regenerate the retina
using stem cells. Many scientists have attempted to replicate this regenerative response in
mammals by transplanting stem cells to the damaged retina. Stem cell transplants have shown



some success, but must increase in efficiency for future use in the general population. Currently,
it is difficult to predict if and why transplanted stem cells survive, travel to the affected site, and
mature into the correct cell type. Further, disease-induced scar tissue may act as an obstacle to
transplanted cells as they migrate to their target destination. Mechanisms that zebrafish use for
retinal regeneration may be applied to stem cell therapies. Matrix metalloproteinase-11 (MMP2)
is upregulated after photolesion in adult zebrafish. This enzyme may be secreted by cells and
alter the surrounding matrix to promote migration. Matrix metalloproteinase-11 is positively
correlated to regeneration of damaged retinal tissue in mice. We hypothesized that MMP?2 is
released by migrating stem cells as a way to clear the environment on their way to their target
destination in the zebrafish retina. Live imaging is essential to better understand how individual
cells interact with their environment. Therefore, we decided to use larval zebrafish to enable
these experiments in the future. Quantitative reverse transcription polymerase chain reactions
(RT-gPCR) were performed to confirm increased MMP2 expression in the larval zebrafish retina
following a light lesion. We also used immunohistochemistry to determine whether Muller glia
are the source of stem cells in the larval retina. Our results concur with past literature
demonstrating an upregulation in MMP2 in the adult zebrafish retina, as well as proliferation of
Muller glia post-injury. Future experiments will use larval zebrafish to perform live imaging of
the regeneration process. Time course analysis will allow us to map the route that stem cells
travel to their destination and to determine how MMP2 inhibition affects stem cell migration. By
understanding the role that MMP2 plays in retinal regeneration, as well as the mechanisms of
stem cell migration, we hope to increase the success and efficacy of future transplantation
therapies for diseases of the retina.
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Abstract: Building cortical grafts from induced pluripotent derived stem cells for
traumatic brain injuries
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Traumatic brain injury (TBI) is a public health crisis, that is caused by compounding physical
forces exerted on brain tissue that can lead to cell death and permanent damage to the brain. The
loss of brain tissue results in long-term deficits in cognitive, motor, and emotional abilities.
Current potential regenerative strategies include direct stem cell replacement therapy, or cellular
transdifferentiation with the goal to replace lost neurons. However, these do not sufficiently
replace all essential cell types found in the cortical niche. To achieve a complete or near full
recovery, strategies for complete neurological niche replacement must be developed. The goal of
this study is to develop in vitro cortical grafts capable of integrating into host brain tissue
following TBI. To accomplish this goal, we used human-induced pluripotent stem cells to grow
cortical grafts using a directed 3D organoid protocol. These grafts replicate developing cortical
architecture with essential cellular populations. Male NOD SCID mice (n=4-5/group) were
randomly placed into either TBI + graft, TBI + no graft, ‘sham’ + graft, ‘sham’+ no graft, or
sham. TBI was administered using a controlled cortical impactor and targeted the motor cortex.
The ‘sham’ groups did not receive impact, instead had a needle excision of brain tissue using an
18-gauge needle to replicate surgical tissue removal. The sham group received craniotomy but
not needle excision. Following surgical procedures, mice were monitored daily using a modified
neurological severity score to evaluate changes in motor, sensory, balance, and reflex functions.
Additional motor-specific tests were performed to evaluate left vs right forelimb impairment. By
1 week following injury, mice that received TBI showed consistent deficits in motor function of
contralateral arm from injury site compared to mice that received ‘sham’ or sham procedures.
After one month from transplantation, mice were perfused, and graft integration was mapped by
stereology from serial histological sections. This is an exploratory experiment in which
behavioral data will be correlated to mapping of graft integration to the injury site. Information
regarding specific injury types (i.e. TBI vs ‘sham’) will inform potential limitations to improved
cortical graft success.
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Abstract: Retinal ganglion cells (RGCs) are central nervous system (CNS) projection neurons
that do not spontaneously regenerate axons disrupted by optic neuropathies, such as those
resulting from optic nerve trauma, ischemia, and glaucoma. RGC capacity to grow long axons
declines sharply after birth, and several factors that are developmentally regulated in RGCs were
discovered to contribute to the regenerative failure. No clinical treatments exist to date that could
help patients with axonal injuries. Thus, the failure of RGC and other CNS axons to regenerate
after injury remains a major unmet problem. Here, we investigated the roles of developmentally
regulated microRNAs (miRNAs) in RGC survival and axon regeneration after optic nerve injury,
using a well-established murine in vivo model of optic nerve crush (ONC). We used
bioinformatic analysis of small-RNA-seq data, which we generated for the developing RGCs at
various ages, in order to identify miRNAs that are developmentally regulated in maturing RGCs.
Then, we pre-treated the RGCs with intraocularly injected AAV2 vectors, which expressed either
miRNA mimics or anti-miRNA shRNAs. Next, we performed ONC and evaluated the effects on
RGC survival and axon regeneration. We found several novel miRNA targets, which either
promoted or inhibited RGC survival and axon regeneration. Thus, the identified developmentally
regulated miRNAs play a role in RGC survival and axon growth, and present potential
therapeutic targets for treating optic neuropathies and glaucoma, as well as axonal injuries in
other white matter tracts of the CNS.
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Abstract: Although the optic nerve, like other CNS pathways, does not regenerate
spontaneouslyif injured, a variety of treatments enable retinal ganglion cells (RGCs), the
projection neurons ofthe retina, to regenerate axons through the injured optic nerve.
Transcriptional profiling hasrevealed that one of the strongest such treatments, a combination of
the neutrophil/macrophage-derived growth factor oncomodulin (Ocm) with a cAMP analog
(CPT-cAMP) and deletion of thePten gene in RGCs (Ocm/cAMP/Pten®'), induces massive
changes in RGCs’ program of geneexpression® but does not alter expression of Protrudin, a
transmembrane protein of theendoplasmic reticulum that also promotes considerable optic nerve
regeneration?. These findingsraise the question of whether complementing the transcriptional
changes induced byOcm/cAMP/Pten® with a constitutively active phospho-mimic of protrudin
(P-Pro) could augmentregeneration well beyond levels induced by either approach alone. With
all treatments appliedafter nerve injury, optic nerve regeneration from the combination of P-Pro
and Ocm/cAMP/Pten®was 5-fold greater than with P-Pro expression alone, 3-fold greater than
Pten deletion alone, andalmost 2-fold greater than from the combination of Ocm/cAMP/Pten?!,
Unlike Pten deletion, whichprimarily enables regeneration from aRGCs?®, P-Pro increased
regeneration primarily from non-aRGCs. Strikingly, however, the dramatic regeneration seen
after combining P-Pro withOcm/cAMP/Pten® retains high levels of aRGC regeneration while
also greatly augmentingregeneration from non-aRGCs. Thus, this combinatorial treatment
stimulates extensiveregeneration from multiple RGC subclasses, an outcome that might
eventually enable thereinnervation of multiple central target areas and recovery of multiple
aspects of vision. References: 1. Cheng, Y. Yin, Y. et al. Transcription factor network analysis
identifies REST/NRSF asan intrinsic regulator of CNS regeneration. Nature Communications
(under reviewing)(2022). 2. Petrova, V. et al. Protrudin functions from the endoplasmic
reticulum to support axonregeneration in the adult CNS. Nat Commun 11, 5614,
doi:10.1038/s41467-020-19436-y(2020). 3. Duan, X. et al. Subtype-specific regeneration of
retinal ganglion cells following axotomy:effects of osteopontin and mTOR signaling. Neuron 85,
1244-1256,d0i:10.1016/j.neuron.2015.02.017 (2015).
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Abstract: Neurological impairments caused by acute brain damage due to stroke or traumatic
brain injury are accompanied by loss of neurons and connections. Unlike neurogenesis in
rodents, the endogenous capacity of the human brain to regenerate neural tissue is very limited.
As a treatment strategy, cell transplantation has been extensively evaluated to compensate for the
lost tissue. During development, immature network activity is dominated by recurrent patterns of
synchronized “burst” activity. Gradually, the network desynchronizes and evolves into a less
correlated state. Similar persistence of burst activity is not only characteristic of cultured neurons
but have also been shown in transplanted cells. Transplanted neurons have been shown to
survive for extended time periods in vivo and synaptically integrate into surrounding host
network, yet it remains unclear if they can achieve normal task-related spatiotemporal dynamics
that mimic healthy cortical circuits, a key feature of neural computations in motor networks.
Here, we used single-cell resolution, real-time in vivo imaging in behaving mice to monitor
cellular and network dynamics of transplanted embryonic neurons during maturation and
integration into an adult post-stroke perilesional cortical network. Genetically encoded calcium
indicators and epifluorescence imaging in freely moving mice allowed us to reliably track the
emerging dynamics of transplanted network from an initial uncoordinated state to a highly
reliable and coordinated state. Strikingly, the observed patterns of population neural activity in
the transplanted network strongly resembled that of healthy cortical circuitry. One notable
finding was that not all neurons developed task-related activation. Studies in awake and
anesthetized animals have found that externally applied electrical fields can boost firing rates and
bias spike timing. Such stimulation can also be used to monitor transplanted neuronal viability.
For the population of transplanted neurons that were not movement responsive, were those
neurons viable and reliably modulated with stimulation? We found that alternating current
stimulation (ACS) acutely enhanced the neural dynamics of the transplanted network to increase
the network co-firing or synchrony. Interestingly, most of the neurons that were not task related
were still active with ACS. This suggests that only a partial subset of transplanted neurons
became task active. Together, these results highlight that transplanted neurons can indeed
produce task-related complex activity patterns when injected into an injured brain and that
observed activity can be reliably modulated by electrical fields.
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Abstract: The Kriippel-like factors (KLFs) have emerged as important regulators of neuronal
proliferation, differentiation and axon regeneration. They constitute a family of eighteen
transcription factors characterized by three C-terminal C2H2 zinc finger motifs that recognize
GC/GT rich sequences in DNA. Our work focused on KLF13, which is known to act
predominantly as a transcriptional repressor by associating with chromatin within proximal
promoters of its target genes. Recently, it has been described that KLF13 directly represses
transcription of genes involved in neurotrophic factor signaling pathways in mouse hippocampal
neurons, including the JAK-STAT pathway, which mediates the actions of several cytokines,
growth factors and hormones. In the nervous system, it transduces extracellular signals into
transcriptional programs to regulate survival, axon regeneration, synaptic plasticity and
neuroinflammation. Growth hormone (GH), in part by activating the JAK-STAT pathway, has
been shown to have some of these neurotrophic activities. Therefore, here we analyzed the GH-
induced JAK-STAT activity in the adult mouse hippocampus-derived cell line HT22 to test the
hypothesis that KLF13 cross-talks with the JAK/-STAT pathway to regulate its activity. We used
our previously engineered HT22 cell lines: the TRTO-KIf13, in which the KIf13 expression is
induced by addition of doxycycline; and the CRISPR/Cas9 genome edited KIf13-KO HT22 cell
line. Our results confirmed that KLF13 directly regulates the expression of several genes
involved in the JAK-STAT pathway: Stat3, Stat5b, Socs1 and Socs3 were repressed while Statba
was induced by forced expression of KIf13. We also found that expression of some of these
genes (Socsl) was dysregulated in KLF13-deficient neurons. We then analyzed the effect of GH
on mRNA levels of its main mediator, IGF1, and found that KLF13 depletion led to an enhanced
effect of GH on Igfl expression. As a proxy for analyzing JAK-STAT activity, transfection-
reporter assays were conducted using two sensor plasmids to track pathway activity either by
STAT3 or STATS5. We found that forced expression of KLF13 increased baseline of STAT5
activity, which was enhanced by GH treatment, while in HT22-KIf13-KO cells the basal and GH-
induced activity of STAT5 were lower compared with control. By contrast, KLF13 blocked the
GH-induced activity of STAT3, while KIf13 depletion caused an enhanced effect of GH on
STAT3-mediated pathway activity. These findings support the notion that KLF13 has a
bifunctional effect on the GH-induced JAK/STAT activity by enhancing or inhibiting the STAT5
or STAT3 branches, respectively.
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Abstract: The failure of mature central nervous system (CNS) projection neurons to regenerate
axons over long distance often results in permanent functional deficits and limits the recovery
after CNS injuries and diseases. A major barrier to CNS axonal regenerative research is that the
regenerative axons triggered by experimental treatments stall growth before reaching their post-
synaptic targets. Here we test the hypothesis that premature, de novo, myelination of
regenerating axons stalls their growth, even after bypassing the glial scar. To test this hypothesis,
we used single cell RNA-seq (sScRNA-seq) and immunohistological analysis to investigate
whether post-injury born oligodendrocytes integrate into the glial scar after optic nerve injury.
We also used a multiple sclerosis model of demyelination concurrently with the stimulation of
axon regeneration by Pten knockdown (KD) in projection neurons after optic nerve injury. We
found that post-injury born oligodendrocytes integrate into the glial scar, where they are
susceptible to the demyelination treatment, which prevented premature myelination, and thereby
enhanced Pten KD-stimulated axon regeneration. We also present a website for comparing the
gene expression of sScCRNA-seq-profiled optic nerve oligodendrocytes under physiological and
pathophysiological conditions.
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Abstract: Autism spectrum disorder is a complex neurological impairment with social
communication deficits and repetitive sensory-motor behaviors. The top-down modulation in the
brain, which is important not only in social interactions but also in sensory processing, is atypical
in autism. While many studies have explored autistic characteristics in visual and auditory
perception, those in tactile perception are relatively rare with inconsistent results. Here, we
hypothesized that tactile perception in autism would be atypical in complex sensory processing
because of difficulties in sensory integration, mainly seen in other sensory modalities in autism.
To test the hypothesis, we employed the vibrotactile frequency comparison task, one of the
psychophysical methods that evoke the assimilation effect. The assimilation effect in tactile
perception refers to a perceptual bias such that a vibration stimulated to one finger is confused by
another vibration to a distractor finger. Forty-seven neurotypical adults (all right-handed, 23
female, age = 25.68 + 5.04) performed the task while their electroencephalography (EEG) was
measured. Autism Spectrum Quotient (AQ) was used to measure individual autistic traits. In the
behavior result, the assimilation effect decreased as the AQ score increased across participants (r
=-0.354, p < 0.05). Similarly, the assimilation effect was lower in the high-AQ group
(participants with top 65% or higher AQ scores) than the low-AQ group (participants with
bottom 35% or lower AQ) (adjusted p < 0.05, N = 16/15 for low/high, respectively). The peak
frequency of EEG in the electrodes over the somatosensory cortex was less changed by the
assimilation effect in the high AQ group than in the low AQ group (p = 0.039 (not corrected)).
This EEG feature also showed a marginal negative correlation with AQ score (r =-0.285, p =
0.079). Together, our findings revealed that when an individual has high autistic traits, the
assimilation effect on the perception of vibrotactile stimulations decreased. Although this study
was conducted on adults in non-clinical populations, it suggested that autistic traits are associated
with decreases in tactile sensory integration.
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Abstract: Management of neurodevelopmental disorders (NDD) is complicated by diverse
within-disorder presentations and a high degree of symptom overlap between disorders.
Identifying novel biomarkers will be useful in understanding the biology underlying their clinical
presentations. There is evidence that the immune response contributes to the development and
clinical presentation of NDDs; however, current literature assessing the immune phenotype of
those with NDDs focuses primarily on young children with ASD. Therefore, the objective of this
study is to examine the link between the immune phenotype and behaviour in adolescents with
both autism spectrum disorder (ASD) and attention deficit hyperactivity disorder (ADHD).
Typically developing (TD), ASD, and ADHD, participants between 10-15 years old, were
recruited through the Province of Ontario Neurodevelopmental Disorders Network (POND).
Participants completed behaviour assessments measuring social communication, hyperactivity-
impulsivity, inattention, and anxiety. Additionally, blood samples were collected, and peripheral
blood mononuclear cells (PBMCs) were cryopreserved and later assessed using flow cytometry.
The Mann-Whitney U test was used for between-group comparisons. Elastic net regression was
used to examine the link between immune phenotype and behaviour. A total of 72 NDD
participants (85% male, 20 ADHD, 52 ASD) and 19 TD (63% male) were included in the study.
We found increased proportions of B cells and CD4+CD8+ T cells as a % of CD45+ cells in the
NDD group compared to TD (p < 0.05). Intermediate monocyte CCR2 and CD115 MFIs were
higher in the NDD compared to TD (p < 0.05). Classical monocyte CD13, CD64, CCR2, and
intermediate monocyte CD64 were associated with social communication scores. Intermediate
monocyte CD115, CCR2, CX3CR1, and non-classical monocyte CX3CR1 were negatively
associated with social communication scores. With all monocyte surface markers, age and sex
included in the elastic net regression R? = 0.37. These results suggest that B cells, CD4+CD8+ T
cells, and monocyte surface markers may reflect social communication deficits in children with
NDDs. Future research should explore how these biomarkers may be used in conjunction with
other immune factors to identify subgroups of children with NDDs and how these biomarkers
influence social communication from a mechanistic perspective.
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Abstract: The ability to detect and respond to changes in a visual scene is essential for
functional orienting in our dynamic natural world. We are interested in how unique visual and
social perceptual abilities affect the way people explore changing scenes. We used a change
blindness task to characterize eye movements and fixations both in autistic and non-autistic
adolescents. Social and non-social changes were made in each of 16 natural scenes. These
changes were balanced for low-level salience, eccentricity, and size. We compared the gaze
behavior and reaction time responses of autistic and non-autistic participants. We observed that
autistic participants had significantly shorter fixation times than their non-autistic peers in the
search portion of each trial, but that this effect weakens when the task is to look at a static image.
We observed no reliable between-group differences in search success or time to success.
Similarly, we observed no consistent differences in speed or success of search for social or non-
social targets overall or by group. However, when the scene was divided into social versus non-
social content, with respect to fixation duration, there was a consistent and large difference in
fixation dwell time in both groups. The fixation dwell time for social content was longer during
both the view and search phase, but the effect was stronger in the search phase of the task. We
also observed an unproductive tendency by TD participants to anchor their gaze on social
regions. These results reveal that the nature of the task has substantial effects on content-specific
fixation times and covert attention orienting that are durable across groups.
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Abstract: Comparing Visual Perspective Taking and Belief Reasoning in Autism Spectrum
ConditionsRachel Green?, Daniel Joel Shaw! and Klaus Kessler® 2! Institute of Health and
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Autism Spectrum Condition (ASC) is characterised partly by differences in social interaction. It
is believed that these differences arise from alterations in predicting and understanding the
behaviour of others, which are supported by theory of mind processes. One of these processes is
belief reasoning (BR), which refers to the human ability to understand another’s mental
representation of reality even if it different from one’s own (1). Another process is level-2 Visual
Perspective Taking (VPT), which is the human ability to understand how the world appears from
another’s viewpoint (2). In adults with ASC, some studies report differences in BR and VPT
reasoning between adults with and without ASC, while others report no such difference. As such,
it is unclear if and how these processes are altered in ASC. To investigate this further, the present
preregistered, online study (3) employed an experimental task developed recently to assess the
link between BR and VPT processes (4). We recruited 123 adults aged 18-40 years, 58 with self-
reported ASC and 65 without (Controls). Both groups completed the novel experimental task and
Raven’s Progressive Matrices online. There was no difference in intelligence between the two
groups, as evidenced by Raven’s Progressive Matrices, and we observed no differences between
the groups in BR ability. However, those with ASC took longer to make VPT judgements than
Controls. Since this is the first study to compare VPT and BR directly in adults with ASC, future
studies should seek to further understand this difference apparently specific to VPT. (1)Baron-
Cohen et al., (2001)(2)Flavell et al., (1981)(3)https://osf.io/57wa9/(4)Green, Shaw and Kessler
(2021)
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Abstract: Introduction. Children with Autism Spectrum Disorder (ASD) generally have
attention deficits, which hinder their ability to direct and preserve attention on social stimuli.
Though various studies compare the attention of children with ASD respective to human faces
and other social stimuli, no eye-tracking models exist to predict the onset at which
disengagement begins. This study uses a time series approach by reviewing facial expressions,
eye movement, and time series pupil size data to measure responses of children with ASD
compared to children with neurotypical development. Methods. Preliminary data were collected
using the Tobii Pro Nano, semi-structured surveys, computer embedded camera, and the M-
CHAT tool from neurotypical children (N=14) and children diagnosed with ASD (N=9) aged 4.5
years to 6 years old. Tobii Pro lab and IBM SPSS V 27.1 were used for analysis. Areas of
Interest (AOIs) were created for each object (human face, a dog, and toys) included ina 1.5
minute video designed for this study. Pupil size, number of saccades, and fixation duration on
each AOI were recorded and calculated for four events of interest (baseline, initial presentation
of soft stimuli, presentation of social interaction, and question prompts). Results. The pupil size
of children with ASD were unstable and had more variance throughout the duration of the video.
Time series data of children with ASD show higher peaks in pupil size during the initial
presentation of stimuli, but these peaks occurred immediately before missing data. Video
evaluations reveal a corresponding pattern in eye-movement behavior and higher pupil sizes for
the onsets at which 4 children with ASD disengaged with the video stimuli. Considerable dips in
pupil sizes were observed during an intended shift in anticipated cues from neurotypical children
but not from children with ASD. Children diagnosed with ASD also demonstrated wider and less
specified gaze patterns with greater variability, and more missing data. Neurotypical children
averaged 12.33 £ 4.16 fixation events on the actress’ face and 33.67 = 11.55 on the dog
compared to 13.00 £ 14.05 and 23.57 £ 15.95 from children diagnosed with ASD. There were no
significant differences by group (p = 0.783) for fixation duration on the objects (alpha 0.05, 95%
CI). Conclusion. The results suggest that eye-tracking technologies may assist in detecting and
predicting shifts in interests and degrees of interests in social stimuli to benefit children with
ASD.
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Abstract: Background: Elevated anxiety is common in children with Autism Spectrum
Disorder (ASD), as well as in children experiencing socioeconomic disadvantage. The
hippocampus has been associated with both anxiety and ASD, although the extant literature is
mixed. Socioeconomic disadvantage is associated with significant deficits in brain development
in children, particularly the hippocampus. The current study provides an investigation of the
intersection of these areas by exploring the differential impact of anxiety and SES on brain
development in children with ASD (n = 31) relative to typically developing (TD; n = 14)
children.Methods: Anxiety was measured by the anxious-depressed subscale of the Child
Behavior CheckList (CBCL-AD) with socioeconomic status measured by a combined metric of
lower vs higher income and lower vs higher parental education. Generalized linear models were
used to estimate the effect of anxiety and SES on hippocampal and amygdala volumes.
Hippocampal subfield volumes were extracted using FreeSurfer. Results: When controlling for
gender, age and total cerebral volume, ASD children experienced significant higher anxiety than
TD children (p<.001). Larger volumes of the molecular layer (p=.020), hippocampal tail
(p<.001), fissure (p=.003) and parasubiculum (p<.001) subfields of the hippocampus were
associated with higher anxiety scores in ASD children, an interaction not found in TD children.
SES was significantly associated with anxiety (p<.001), with results suggesting children with
ASD are more likely to have higher anxiety than TD children from higher SES
households.Conclusions: Hippocampal subfield contributions to anxiety differ between children
with and without ASD. Our findings also suggest an interaction between SES and ASD on
hippocampal development and may have implications for the development of targeted
interventions. Differences in the neurocircuitry underlying anxiety in ASD compared to TD
children suggest differential treatment interventions may for anxiety may benefit children with
ASD.
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Abstract: According to the maternal immune activation (MIA) hypothesis, inflammatory
perturbations in utero can affect fetal neurodevelopment, with evidence indicating links between
MIA and neurodevelopmental disorders in offspring. Currently, most evidence for MIA as a risk
factor for autism spectrum disorder (ASD) comes from epidemiological research and animal
models (with the latter not fully capturing human ASD phenotype). This study set out to examine
the links between probable MIA and functional brain organization in toddlers and preschoolers
diagnosed with ASD, using functional magnetic resonance imaging (fMRI) data acquired during
natural sleep as part of the SDSU Toddler MRI Project. Functional connectivity patterns for 7
canonical brain networks were compared between 40 children with ASD that had a history of
MIA (estimated here as history of bacterial infection, viral illness, or antibiotics course during
pregnancy, based on maternal self-report; MIA+) and 34 children with ASD that did not have a
history of MIA (MIA-) between the ages of 17 and 66 months (mean age + SD =36 + 14
months). Analysis of covariance revealed that presence of behavioral problems, as assessed with
the Child Behavior Checklist, were significantly associated with history of MIA (main effect of
MIA: F(1,1)=5.3, p<.05). Further, there was a significant interaction effect of MIA and the sex
of the child on adaptive developmental skills, as assessed with the Vineland Adaptive Behavior
Scales (MIA by sex interaction effect: F(1,1)=5.8, p<.05), with lower developmental skills
observed in all MIA+ children and MIA— male (but not female) children. Functional connectivity
patterns were also significantly associated with a history of MIA, especially within the
frontoparietal and dorsal attention networks, with generally weaker connectivity between the
regions of these executive control networks. These results provide initial evidence of the
potential contribution of maternal immune status during pregnancy to the heterogeneous
neurobehavioral outcomes in children with ASD.
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Abstract: There is a major concern about individuals that do not reach the learning milestones of
Neurotypical (NT) subjects. There is no clear source of Neurodevelopmental disorders (NDD),
like Autism-Spectrum-Disorder (ASD). ASD is characterized by problems with social
interactions, communication difficulties and repetitive-restrictive behaviors. It has been
recognized for some time that many of these symptoms involve movement deficiencies. We
developed a stochastic biomechanical model of the arm for its mechanical response to a given
motor signal. This statistical model is developed from the muscles’ biochemistry that produces
the force and torque provided by the motor signal sent to the arm. By using this and a jerk
minimization hypothesis of human movement we derive a statistical optimization hypothesis for
the motor neural signals. Using a stochastic neural model for the action potential inter-spike
intervals, we build a minimization hypothesis for the neural signal rate parameter and consider
the possible source of the jerk minimization hypothesis. We would further like to inspect the
inverse problem by considering the possible preferable optimization neuronal principles and to
deriving their respective neurological optimization models. By comparing such models to the
microscopic and macroscopic statistics we observe in human movements, we assess their
validities across several orders of magnitude in both space and time (from mm to m and ms to
seconds scales, respectively.) We compare these models to the movement statistics of patients
with ASD. These statistics give a robust motor-based distribution of the maximum velocity for
ASD (Torres et al., 2013) which can be related back to the stochastic movement process we have
considered. We showed that these measurements for ASD are at odds with jerk minimization.
Further studies will be necessary to understand the kinematic millisecond statistical fluctuations
leading to the ASD biomarker (Wu et al., 2018.)
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Abstract: Autism Spectrum Disorder (ASD) is a neurodevelopmental disorder with one of the
greatest increases in prevalence worldwide in recent years. ASD patients present a distinct
development of social communication from the first months of life, as well as restricted and
repetitive behavior patterns. Symptoms manifest within a continuum of severity and significant
differences are observed between low and high functioning cases. Although distinct patterns of
brain activity have been found in the evaluation of individuals with ASD in comparison with
typically developing individuals, there is no brain marker due to heterogeneity of symptoms, and
differences in age and diagnostic criteria in the populations evaluated. The aim of this research
was to know the relationship between symptom severity and neurophysiological activity in
children diagnosed with ASD; seeking an approach to describe the neural mechanism underlying
ASD and a potential biological marker of it, through the detailed description of symptoms and
developmental abilities according to their ages. Fifteen children with suspected or diagnosed
ASD, aged 2 to 5 years, recruited from the waiting list of a public center specialized in the
evaluation and diagnosis of autism in Mexico, participated. The MCHAT screening test was used
for children aged 2 and 3 years and the SRS screening test for children aged 4 and 5 years. The
Structured Interview CRIDI-Autism Spectrum Disorders, Gold Standard for the Assessment of
Autism in Latinos and Mexicans was applied, whose results yield algorithms according to DSM
5, DSM-IV, ICD 10 and ICD 11 manuals. Recording of brain electrical activity in waking state
was carried out for a duration of 20 to 30 min in order to obtain an approximate 2 min of artifact-
free recording for brain mapping. It was found that children with a higher level of severity in the
diagnosis of ASD had a lower developmental age, mainly in the area of communication, lower
relative power in the frontal alpha band, higher relative power of the frontal delta band and an
increase in the coherence of the delta, theta and alpha bands of the fronto-temporal region. The
results contribute to a better understanding of the brain pattern underlying ASD symptoms at
different levels of severity.
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Abstract: According to the Center for Disease Control and Prevention (CDC), 1 in 44 children is
diagnosed with autism spectrum disorder (ASD). ASD occurs approximately 4 times more often
in males compared to females. Here we propose deep learning methods to detect brain
biomarkers that are associated with ASD using the widely used 3D T1-weighted (T1-w) MRI
scans. Data-driven methods could help augment the current clinical workflow to identify ASD
more efficiently and reduce wait times. We analyzed 250 scans from 4 imaging sites collected as
part of Autism Brain Imaging Data Exchange (ABIDE). We partitioned 80% of this multi-site
data for training (N=202, 30(15%)F, age: 5.2-64.0 yrs.), 10% for validation (N=23, 7(30%)F,
age: 5.9-62.0 yrs) and 10% for testing (N=25, 9(36%)F, age: 6.1-57.0 yrs). Each of the three
folds contained data from the four sites in near equal proportions. An independent cohort of 43
scans acquired at a fifth site were used for out-of-distribution testing (N=43, 0%F, 10.0-20.0).
The scans from the fifth site were scaled between 0 and 1 to increase harmonization and stability.
We used two main convolutional neural network (CNN) architectures: a 3D version of the
Densenet121 and 2D CNN with a Long Short-Term Memory (LSTM). The 3D CNN processes
the input T1-w MRI volumes with 3D kernels, whereas the 2D CNN-LSTM combines slice-wise
encodings to create subject-wise predictions. The models were trained for 50 epochs. We used a
binary cross-entropy loss function with the Adam optimizer with weight decay. The 3D CNN,
trained from scratch, achieved an average receiver-operator characteristic curve-area under the
curve (ROC-AUC) of 0.588, compared to the 2D CNN with an ROC-AUC of 0.660. We
separately pre-trained the 3D CNN for sex classification on T1-w scans from the UK Biobank
(UKBB). The pre-trained 3D CNN was fine-tuned end-to-end with lower learning rate for ASD
classification. The pre-trained 3D CNN model achieved an average ROC-AUC of 0.747. Upon
further evaluation on the single-site test set, the pretrained 3D CNN model yielded an ROC-AUC
of 0.671 with pretraining, 0.682 without pretraining and 0.515 for the 2D CNN-LSTM. Based on
our experiments, pretraining on sex classification improves performance on the multi-site data,
which may have implications for understanding sex-based differences in ASD and improving
diagnostic prediction from brain scans. The proposed models will be tested with larger datasets
to improve performance. Harmonizing data across the different sites may also improve the
model’s ability to generalize. Our approach could also be trained to predict longitudinal changes
in autism traits.

Disclosures: N.J. Dhinagar: None. K.E. Lawrence: None. E. Laltoo: None. P.M. Thompson:
B. Contracted Research/Research Grant (principal investigator for a drug study, collaborator or
consultant and pending and current grants). If you are a P1 for a drug study, report that research
relationship even if those funds come to an institution.; Grant from Biogen, Inc., for research
unrelated to this study.

Poster



185. Autism Diagnosis, Physiology, and Biomarkers: Human Studies
Location: SDCC Halls B-H

Time: Sunday, November 13, 2022, 1:00 PM - 5:00 PM

Program #/Poster #: 185.11

Topic: A.07. Developmental Disorders

Support: NIH RO1 MH107802

Title: Links between early sleep problems and neurobehavioral outcome in toddlers and
preschoolers with ASD

Authors: *A. RIOS?!, B. CHEN?, L. OLSON?, K. WILDE?, M. SALMINA?, Z. DAMON?, S.
PENAZ?, A. LINKE?, I. FISHMAN?;

1psychology, ?San Diego State Univ., San Diego, CA,; 3Joint Doctoral Program in Clin.
Psychology, SDSU / UC San Diego, San Diego, CA

Abstract: Children with autism spectrum disorders (ASD) commonly experience sleep
problems. To better understand the links between sleep problems and neurocognitive
development in ASD, this study set out to test if irregular sleep in the first year of life predicts
neurodevelopmental outcomes at the preschool age. Data from 72 children with ASD and 41
typically developing (TD) children, between ages 1.5 and 5 years, enrolled in the longitudinal
SDSU Toddler MRI Project were analyzed. The two groups were matched at group level on age
and sex. Developmental and medical history and assessments of childrens’ developmental skills
were obtained from caregivers (including the Vineland Adaptive Behavior Scales, Mullen Scales
of Early Learning Sensory Profile, Child Behavior Checklist), and functional magnetic resonance
imaging (fMRI) data were acquired in children during natural sleep. Consistent with prior
literature, irregular sleep during the first year of life (reported by caregivers) was more common
among children with ASD when compared to their TD peers (p=0.015). In the ASD group,
children with irregular first-year sleep (FYS; n=26), compared to those with regular FYS (n=46),
had significantly (p=.05) greater sensory sensitivities, persisting sleep problems, and lower
adaptive functioning skills during preschool years. Additionally, in a subset of children for
whom longitudinal data were available (n=21, mean=15.8 months between two assessments),
preliminary results revealed a similar pattern of children with ASD and irregular FYS having
significantly higher sensory sensitivities on follow-up assessments. In children with ASD with
usable fMRI data (n=45), functional connectivity was assessed between 30 regions of interest
forming 7 canonical functional brain networks (derived from the Human Connectome Project).
Analysis of covariance (ANCOVASs), controlling for age and in-scanner motion, revealed that
children with ASD and irregular FYS had significantly more variable functional brain network
organization in comparison to children with ASD with regular FYS (Cohen’s d=1.05, p=.001),
with stronger connectivity between the default mode and sensory networks, and weaker
connectivity between the dorsal attention, salience, and fronto-parietal networks (; p<.05 FDR-
corrected). These results highlight the need for early and targeted interventions to improve sleep
in young children with ASD.
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Abstract: The diagnostic regions on facial emotion is defined with facial features which contain
the most emotional information for each basic emotion. A recent study with neurotypical adults
found that exploration of emotion-specific diagnostic regions predicted efficient facial emotion
recognition. In fact, efficient facial emotion recognition is one of the critical abilities for school-
aged children as this period is important for developing peer groups and social interaction skills.
However, few studies investigated how the exploration on facial emotion diagnostic regions
played a role in emotion recognition abilities in both typically and atypically developing
children. Here, we investigated facial exploration patterns for six basic emotions in typically
developing children (TD) and children with autism spectrum disorder (ASD). We also tested the
relationships between the exploration patterns of emotion-specific diagnostic regions on face and
emotion recognition performance in both groups. Twenty TD children and 20 children with ASD
(aged 6-12) performed a facial emotion recognition task. Children were asked to choose an
appropriate emotion label upon recognizing an emotion. Children’s exploration patterns on the
face were measured with the Moving Window Technique (MWT). The MWT presented a small
window with a blurred face, and the children explored the face through a mouse-controlled
window to judge emotion. Based on previous studies, three regions of interest (ROIs) were
defined on the face: the left and right eyes, and the mouth. We computed two parameters as
regressors, namely, Spent time and Last ROI. Spent time refers to how much each ROI has been
explored, and the Last ROI was defined by the last region when emotional choice was made. Our
results showed that ASD performed significantly worse than TD on the emotion recognition task
(for anger, sad, fear, and happy). Also, we found that the exploration patterns of emotion-specific
diagnostic regions significantly predicted effective emotion recognition performance only in TD.
Specifically, the Spent time and Last ROI of the diagnostic regions explained significant
variances in accurate emotion recognition performance in TD, especially for anger, disgust, and
fear emotions. Overall, our findings suggest that proper exploration of emotion-specific



diagnostic regions in a face can predict efficient performance in facial emotion recognition in TD
children, whereas children with ASD do not seem to gain benefits from the diagnostic regions for
emotion recognition. Such findings have important implications on explaining emotional
functions and dysfunctions in children with and without ASD.
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Abstract: While the impact of anxiety and autism on working memory has been investigated,
conflicting findings have been reported. For both conditions, working memory has been reported
to be intact, impaired, or improved, or variously modulated by other factors, including emotional
content of stimuli, and neuroimaging findings have been varied. When looking at the combined
effect of comorbidity, the picture is even less clear. Here, we determined whether a classic
finding in the cognitive neuroscience of anxiety—increased salience and attention to negative
emotional stimuli—uvaries across children who do or do not also have elevated autistic traits.
Specifically, we used the Adolescent Brain Cognitive Development (ABCD) study dataset to
compare threat or negative emotion bias across 4 well-matched subgroups of 9-10-year-old
children: 1) high anxiety and low autistic traits (ANX; N=54), 2) high autistic traits and low
anxiety (AUT; N=48), 3) high anxiety and autistic traits (ANX+AUT; N=51), and 4) low anxiety
and low autistic traits (CTRL; N=52). We examined an n-back task that probed visual working
memory and utilized emotional face stimuli, which allowed us to look at the behavioral and
neural correlates of emotional faces on working memory in these groups. Behavioral Results
showed no group differences in accuracy, reaction time, or d-prime scores across groups,
indicating preserved working memory across groups, but main effects of stimuli were present,
showing that emotional faces did alter working memory. Analysis of frontoparietal control and
limbic brain network recruitment during the n-back task is ongoing, and will enable us to
determine whether similar behavioral results are mediated by common or distinct neural
architectures related to working memory and emotional processing across groups.
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Abstract: Anxiety is considered one of the most prominent comorbid conditions in children with
autism spectrum disorder (ASD), with a prevalence rate over 40%. The symptom of anxiety
greatly impacts core deficits of ASD, such as social communication issues and repetitive
behaviors. As a complex neurodevelopmental disorder, however, the underlying neural
mechanisms of the co-existing of anxiety and autism are unclear. In the current work, we aimed
to examine how functional pathways of amygdala, a critical region underlying anxiety
processing and frequently reported in ASD, are correlated with anxiety and ASD core symptoms
in children with ASD.

Two cohorts were included: one from ABIDE-II, including a total of 81 subjects from three sites
with both ADOS and anxiety measures available and aged from 6 to 13 years old; and another
one from locally collected subjects of 15 ASD children aged from 8 to 12 years. The
preprocessed functional data using DPARSF (motion correction, regression of motion and global
signals, bandpass filtering) were used to build connectivity matrix based on AAL parcellation.
Functional connectivity (FC) between amygdala and other regions were examined. Social
deficits and restricted/repetitive behaviors (RRB) measured by ADOS and anxiety levels using
Child Behavior Checklist were analyzed.

Distinct association patterns were found between anxiety and social deficits: positive correlations
(r=0.25, p=0.02) in children with low anxiety levels; and negative correlations (r=-0.25, p=0.02)
in individuals with high anxiety. We also examined correlations between amygdala FC and
behavioral measures (social deficits, RRB and anxiety scores). For the ABIDE-II data,
significant correlations were found between social deficits and FC of amygdala-inferior frontal
cortex (IFC) (r=-0.29, p=0.003), and FC of amygdala-supplementary motor area (r=-0.28,
p=0.005); and between anxiety levels and FC of amygdala-middle cingulate (r=-0.26, p=0.01)
and FC of amygdala-inferior temporal (r=0.24, p=0.02). For local data, significant correlations
were found between social deficits and FC of amygdala-IFC (r=-0.59, p=0.02), which was
similar to that found in ABIDE-II.

Our results show that distinct amygdala functional connections are associated with social deficits
and anxiety in children with ASD, consistent with existing studies that focused on amygdala
activations. Findings suggest that a hybrid of emotion and social processes may not be reconciled



to any of the process alone in ASD. Additional analyses to determine whether anxiety serves as a
moderator on symptom severity are needed to further understand the neural mechanisms of the
co-morbid condition.
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Abstract: Neurodevelopmental disorders (NDD) such as Autism Spectrum Disorder (ASD),
Attention Deficit Hyperactive Disorder (ADHD), and comorbid ASD+ADHD have increased
significantly in recent years. It has been known for some time that NND symptoms often
manifest as movement deficiencies. There are two clinical challenges: to have early screening
assessments, as well as quantitative diagnostics about the severity of the NDD condition for each
individual. We started by analysing the raw kinematic data generated at millisecond time scales
by the high-definition sensors (www.xsens.com), while the subjects carry out repeatedly a
reaching paradigm protocol. We assumed that there is important physiological information
present in the way people move. To extract this information, we train a neural network with the
raw kinematic data using Deep Learning (DL) techniques. We evaluated the efficacy of this type
of system by training on different subsets of data to ascertain the results stability. We found high
predictive accuracy in our ability to characterise the NDD classification separating them from
each other and the Neuro Typical (NT) subjects. We found that DL correctly identifies NDD and
NT subjects with high accuracy. These results characterise the different NDD diagnoses but not
their severity. Next, we proceeded to filter out the electronic noise present in the sensors data
leaving only the signal that can be attributed to the physiological motor signal. The sensors
provide linear and rotational motion kinematics data. Here, we concentrate only on the angular
velocity and the linear jerk. We find rapid peak time variations in these kinematic signals. We



considered their Inter-Spike Interval (ISI) nearest neighbour separations as a random variable.
This allowed us to look at the probability distribution over ISls, for each subject. We defined a
biomarker given by the distributions Fano factor (FF) , the ratio of the variance to the mean. To
measure the stability of the FF metric, we assessed its changes as more reaching trials were
performed by the subjects. We found that the FF quickly stabilizes into a metric with minute,
insignificant deviations. We proceeded to consider the ability of the FF to measure the severity
as a function of age of the NDDs. Using Support Vector Machine (SVM) on a phase diagram of
the FF vs Age to find different severity regions for each kinematic variable. We conclude that
our DL approach can provide early screening diagnosis in a relatively short time since once the
neural network has been trained it can be used as such in new subjects without modification. Our
statistical analysis can provide a personalized biomarker for each individual.
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Abstract: Parent-offspring interactions during the early postnatal period are critical for nervous
system development. For a neonate, the relationship with a parent is the most important
interaction and source of sensory input that they have during development. Disruptions of these
interactions due to exposure to adverse experiences early in development can lead to long-lasting
changes in brain physiology and behavior, including changes in sociability, a hallmark of several
psychiatric disorders. In this study, we aimed to examine the effects of ELS in the form of
fragmented maternal care on social behaviors. In this approach we utilized the limited bedding
and nesting paradigm (LBN) in C57bl/6 mice. Four days following birth (PND 4) the dam and
pups were transferred to cages with a wire-mesh surface and reduced bedding provided then
returned to standard home cage conditions at PND 11. The weights of the animals were tracked
and recorded at different stages during development. Our results show that ELS leads to
decreased weight in male and female pups relative to controls (PND 21: average mass ELS
males 7.12 + 0.46g ELS females 7.01 + 0.11g vs control males 9.46 + 0.13g control females 7.80



+ 0.87g; PND 35: average mass ELS males 17.59 + 0.51g ELS females 14.34 £ 0.64g vs control
males 20.49 * 0.86g control females 16.28 + 0.87g; and PND 80: average mass ELS males 23.33
+ 0.15g ELS females 17.8 + 0.17g vs control males 30.5 + 0.76g control females 22.38 + 0.509).
To investigate the effects of ELS exposure on adolescent social play, we looked at the time
control and ELS adolescent mice (P35-39) spent interacting with an age- and sex- matched
conspecific in their home cage. Finally, we investigated social dominance behavior in adulthood
(P80). To examine dominance behavior, we used the dominance test tube approach, in which
mice were separated by sex and competed to exit a narrow, open-ended tube. Analyzing intra-
cage dominance hierarchies showed that male mice established a more stable dominance
hierarchy than females. Additionally, inter-cage dominance test results show that in both sexes,
ELS mice are more likely to exhibit subordinate behavior to control mice. The results of this
study suggest that mice exposed to early life adversity based on LBN protocol exhibit changes in
social behavior, suggesting that early life environment programs the circuits required for later
life social cognition.
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Abstract: Exposure to adversities or stressors during fetal life influences fetal neurodevelopment
and increases risk for neuropsychiatric diseases in adulthood. To determine the generality of
stress effects on offspring, we are evaluating the impact of different models of maternal stress on
hypothalamic development and related behaviors in mice. These models include fetal exposure
to synthetic glucocorticoids (GC) to mimic a maternal corticosterone stress response, maternal
nutritional stressors [caloric restriction (CR) versus maternal high fat diet (mHFD)], and
maternal immune activation (MIA). Prenatal exposure to synthetic glucocorticoid,
dexamethasone (DEX), resulted in decreased neonatal body weights (p < 0.02) and reduced
social interaction behavior in male (p < 0.05) and female (p < 0.05) offspring. Maternal CR
resulted in decreased body weights and social interaction behavior in males (p < 0.02) and
females (p < 0.05) and increased anxiety-like behavior (p < 0.05) and acute stress response (p <
0.01) only in males. Maternal HFD resulted in altered body weight gain in male (p < 0.02) and
female (p < 0.05) offspring with decreased anxiety-like behavior in a female-biased manner (p <



0.02). As mHFD may induce an immune inflammatory response in the mother (Ortiz-Vallardes
et al., 2021; Neurosci Biobehav Rev 129:218) we are currently testing the impact of a direct
agonist of a Toll-like receptor to mimic an immune response. Given that viral stressors stimulate
GC release (Silverman et al., 2005; Viral Immunol 18:41) and immune stress therapy is often
synthetic GC (e.g., DEX), it will be important to test an immune stress crossed with DEX in a
factorial design. These studies will help determine if late gestation exposure to anti-inflammatory
DEX can partially or fully recover alterations in fetal neurodevelopment influenced by MIA.
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Abstract: Women exposed to infections during pregnancy have an increased risk of having a
child with a neurodevelopmental disorder, including autism and schizophrenia. The maternal
immune response has been identified as a risk factor for NDDs using preclinical maternal
immune activation (MIA) models. MIA studies using rodents often select individual animals
from a litter from which to run behavior studies, which may impact the variability seen in
behavioral performance. In addition, MIA studies typically only use one dosage of an immune
stimulant, limiting our ability to interpret how the strength of an immune response during
pregnancy can impact offspring behavior. Here, we examined the behavior of whole litters in a
rat model of MIA after exposure to two dosages of the immune stimulant lipopolysaccharide
(LPS). Our research objectives were to identify behavioral and biological differences between
dosages in a MIA rat model. Specifically, we aimed to examine early offspring communication,
social behavior, anxiety, spatial working memory and cognitive flexibility, as well as a measure
of cytokine changes in the whole brains of animals at birth. Sprague-Dawley females were time
mated and injected with either saline, 50ug/kg LPS, or 100 pg/kg LPS at gestational day 14.5.
Sera was taken from the dams before and 2 hours after injections. After birth, over-large litters
were culled to 10 animals each. Offspring from the saline (N=82), 50ug/kg LPS (N=74), and 100
pa/kg (N=82) exposed dams were then tested on ultrasonic vocalizations (USVs) and early
developmental milestones at post-natal days (PND) 4, 8, and 12. Following weaning, litters were
tested on the elevated plus maze at PND26, juvenile social dyads at PND36, and spontaneous
alternation on a Y-maze at PND55. After PND90, one male from each litter was chosen for the
attentional set shifting task, which was designed to assess cognitive flexibility without relying on



visual acuity. In a separate study, neonatal animals (N=52/treatment group) were culled at PNDO
to assess immune system differences. MIA animals showed alterations in early communication,
with differing call number, length, duration, and frequency compared to controls. MIA offspring
had altered reflexes shortly after birth. Post-weaning, MIA animals spent less time in the open
arms of the elevated plus maze. Different MIA dosages resulted in different behavioral
phenotypes in the offspring. 50 but not 100 pg/kg LPS showed significant increases in whole-
brain cytokines at birth.
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Abstract: Viral infections during pregnancy are associated with increased risk of
neurodevelopmental (NDD) and psychiatric disorders in offspring. The viral mimic, poly(l:C),
causes maternal immune activation (MIA) in mouse models which leads to neuroanatomical and
behavioral phenotypes in offspring in domains similar to those found in human disorders.
Despite the potential of MIA rodent models to identify new biomarkers and therapeutic
interventions for a range of NDD and psychiatric disorders, current approaches ignore two of the
most important aspects of this risk factor for human disease: (i) most pregnancies are resilient to
maternal viral infection and (ii) susceptible pregnancies can lead to different combinations of
behavioral phenotypes in offspring. Previously, we discovered that isogenic female mice exhibit



a wide range of baseline immunoreactivity (BIR) prior to pregnancy, as determined by the level
of serum interleukin-6 collected 2.5 hours following a low dose poly(I:C) injection (5mg/kg).
Notably, BIR before pregnancy and the poly(l:C) dose used during pregnancy to induce MIA
together predict resilience and susceptibility of offspring to repetitive and exploratory behavioral
alterations. In this study, we sought to identify factors that can predict resilience and
susceptibility of offspring to affective, social and cognitive phenotypes following MIA. First, a
time-course analysis of changes in 23 cytokines and chemokines was conducted at 2.5, 6 and 24-
hours following intraperitoneal injection of 5mg/kg poly(l:C) (n = 36) or saline (n = 18) into
young virgin female C57BL/6J mice from Charles River. Then, MIA was induced in BIR- and
age-matched female mice by injecting 78 dams during mid-gestation (E12.5) with saline or
poly(I:C). An extended behavioral battery to assess anxiety, repetitive behavior, cognition,
memory, social behavior, sensorimotor gating, and conditioned fear was conducted in juvenile
and young adult offspring (n = 330). We found that BIR as defined by serum IL-6 levels at
2.5hrs post-injection, together with the poly(1l:C) dose to induce MIA, predicts susceptibility of
male offspring to elevated repetitive behavior and social deficits and susceptibility of female
offspring to working memory and recognition deficits. Ongoing research is focused on defining
the full immune response that comprises BIR and correlates with specific deficits in MIA
offspring. In summary, we identify the BIR of female mice before pregnancy as a putative
biomarker that predicts which offspring will be at risk for distinct clusters of behavioral
perturbations following MIA.

Disclosures: K. Prendergast: None. E.C. Connolly: None. C.N. McCormack: None. C.A.
Kelland: None. J.D. Schauer: None. L. Haapanen: None. M. Park: None. C. Chen: None. M.
Aguilar: None. B. Chojolan: None. C.S. Carter: None. J. Van de Water: None. M.D.
Bauman: None. A.K. McAllister: None.

Poster

186. Developmental Disorders: Non-Genetic Models
Location: SDCC Halls B-H

Time: Sunday, November 13, 2022, 1:00 PM - 5:00 PM
Program #/Poster #: 186.05

Topic: A.07. Developmental Disorders

Support: Robert and Donna Landreth Foundation

Title: Early-life resource deprivation induces sex-biased microglia-dependent behavioral
alterations in mice

Authors: I. M. BANKOWSKI, H. A. MOYA, A. A. OBENG-MARNU, *E. A. BORDT;
Massachusetts Gen. Hospital/Harvard Med. Sch., Boston, MA

Abstract: Early-life adversity is a major risk factor for neuropsychiatric disorders such as major
depressive disorder, anxiety, and autism spectrum disorders. Differing types of adversity at
various critical developmental timepoints can impact neurodevelopment and behavioral



vulnerabilities in a sex-specific manner. In this study, we employed a widely used form of early-
life adversity, resource deprivation in the form of limited bedding and nesting (LBN) material, to
induce these neural and behavioral alterations. Our LBN paradigm consisted of placing mothers
in a cage with wire mesh flooring, without bedding material, and with restricted amounts of a
cotton nestlet, as compared to control housing conditions with adequate bedding and a full cotton
nestlet. Consistent with previous literature, maternal exposure to this LBN paradigm
significantly altered maternal behavior towards offspring. In this study, we assessed the impact
of two variables on offspring behavior and neurodevelopment: i) timing of LBN exposure and ii)
necessity of microglial immune signaling. We have found sex-specific alterations in ultrasonic
vocalizations (number of calls, syllable composition, and similarity scores), anxiety-like
behaviors (elevated zero maze and light-dark box assays) as well as social motivation
(sociability) behaviors. Previous studies have demonstrated that LBN induces behavioral and
synaptic alterations through microglial dynamics. Here, we examined sex-specific regulation of
excitatory neurons by microglia in the paraventricular hypothalamic nucleus (PVN) in response
to early-life LBN exposure. We have also generated mice lacking the toll-like receptor 4 (TLR4),
specifically in microglia, and assessed the necessity of microglial immune signaling to LBN-
induced sex-biased behavioral alterations and synaptic regulation. We are currently determining
the impact of LBN timing (pre- or post-natal) on offspring health outcomes. These data indicate
sex-biased alterations in behaviors that are relevant to clinical manifestations of
neurodevelopmental disorders.
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Abstract: Early life adversity is a major risk for PTSD. Maternal deprivation (DEP) for 24 h on
postnatal day (PND) 3 (DEP3), but not on PND 11 (DEP11), induces anxiety- and depressive
like behaviours and reduction of neuropeptide Y (NPY) in both ages and sexes. Because NPY is
considered a resilience factor for stress-related disorders, in the present study we investigated
whether DEP-induced NPY decrease is a risk factor for underwater trauma (UWT)-induced
PTSD in adulthood, employing a behavioural profiling system in male and female rats. Eighteen
litters of Wistar rats (4-5 pups/sex/litter) were equally distributed to control (CTL), DEP3 or
DEP11 groups. On PND 60, 2 rats/sex in each litter were not exposed to the UWT (UWT-) and 3
rats/sex were (UWT+). On PNDs 89 and 90, rats were tested in the Sucrose Splash Test
(assessment of depressive-like behaviour) and elevated plus maze (EPM), respectively. The
behavioural profile was determined by comparing individual values in 6 behaviours expressed in
the EPM with the mean £ 1 s.d. of the CTL/UWT- group for each sex, such that rats were
classified as affected (at least 75% of altered behaviours in the EPM), intermediary (50% of
alterations) or unaffected (less than 50% change) (Ethics Committee approval CEUA/UNIFESP:
8374120619). MD had no impact in the incidence or severity of behavioural changes, but we
found that a greater proportion of females were more affected than males (3 females:1 male),
although, in general, females explored more the open areas of the EPM than males. In both
sexes, rats classified as intermediary and affected displayed greater level of anxiety-like
behaviour but no co-occurrence with depressive behaviours. The present results indicate that MD
at either age did not increase the incidence of PTSD-like behaviours. Instead, sex was a major
risk factor, with females being more vulnerable, without comorbid behaviours relevant to
depression.
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Abstract: Background: Children prenatally exposed to alcohol or cannabinoids can
demonstrate growth deficits and increased expression of neurological disorders, however
investigations into the effects of simultaneous alcohol-and-cannabinoid exposure (SAC) on
developing neurobiology are currently minimal. During the second trimester, fetal brain
vasculature emerges during peak periods of neurogenesis, supporting fetal nutrition, growth, and
neural development. Therefore, our research group wanted to investigate whether prenatal
polysubstance exposure alters fetal-directed blood during second-trimester exposure.

Methods: We performed high resolution in vivo ultrasound imaging in C57BI/6J pregnant mice.
After pregnancy confirmation, dams were assigned to one of four groups: drug-free control,
alcohol-exposed, cannabinoid-exposed or SAC-exposed. Drug exposure occurred daily between
Gestational Days (G)12-15. For cannabinoid exposure, dams received an i.p injection of
cannabinoid agonist CP-55940 (750ug/kg), with controls receiving volume-equivalent saline.
For ethanol exposure, dams were placed in ethanol vapor chambers for 30min of inhalation (95%
ethanol), and controls were placed in identical chambers without ethanol administration. Dams
underwent ultrasound imaging on three days of pregnancy: G11 (pre-exposure), G13.5 (peri-
exposure) and G16 (post-exposure).

Results: Preliminary ultrasound data suggest that both alcohol and cannabinoid exposures
reduce blood flow acceleration, a measure of arterial resistance, and Velocity-Time Integral
(VTI), a metric of stroke volume, in the middle cerebral and internal carotid arteries on G16,
24hrs after drug exposure has ended. Notably, SAC fetuses exhibit an augmented reduction in
VTI within these same arteries. In contrast, drug-induced effects on umbilical arterial blood flow
begin acutely, with all exposures reducing measures of arterial acceleration and VTI on G13.5.
Importantly, no group differences in these measures exist prior to drug exposure (G11).
Conclusions: Our results indicate that prenatal drug exposure may lead to both acute and
delayed reductions in fetal-directed blood flow, which can disrupt normal fetal growth and neural
development, and SAC may augment deficits specifically in cerebral arterial blood flow.
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Abstract: Background: Children prenatally exposed to alcohol or marijuana are at greater risk
of developing motor impairments, hyperactivity, and drug-seeking behaviors. However, we
know little about the effects of simultaneous alcohol and cannabinoid (SAC) exposure,
particularly given the increased commonality of SAC in human populations. We therefore
investigated whether SAC augments behavioral deficits in exposed offspring compared to
alcohol or cannabinoid exposure alone.Method: Pregnant C57BI1/6J mice were assigned to one
of four groups: drug-free control, alcohol-exposed, cannabinoid-exposed, or SAC-exposed. Drug
exposure occurred daily between Gestational Days 12-15. For cannabinoid exposure, dams
received an i.p injection of cannabinoid agonist CP-55940 (750ug/kg) or volume-equivalent
saline (controls). For ethanol exposure, dams were then placed in ethanol vapor chambers for
30min of inhalation (95% ethanol) or identical chambers without ethanol (controls). Adult male
and female offspring (Postnatal Days 90-120) were assessed for a) motor deficits in a Rotarod
performance test, b) hyperactivity in a 10min Open Field test, and c) alcohol preference via a 3hr
self-administration assessment in their home-cage. Results: In male offspring, alcohol exposure
reduced time balanced on the Rotarod, distance traveled, and rotations-per-minute achieved.
Notably, SAC augmented these motor deficits, impeding rotarod performance further.
Interestingly, prenatal exposure had no effect on Rotarod performance in female offspring.
Offspring were also assessed in an Open Field assay. Compared to controls, SAC imposed
opposite effects between sexes, decreasing time spent in the center of the open field in males, but
increasing center time in females. Notably, exposure to alcohol-only in females, and
cannabinoids-only in males, increased hyperactivity, including increased speed, distance
travelled within the open field, and total times entering the center, while SAC groups
demonstrated no differences from controls. Ongoing experiments of ethanol preference in the
home-cage demonstrate no differences in self-administration between any exposure
groups.Conclusions: Our preliminary data suggest that SAC may impose distinct, sex-specific
motor impairments in adult offspring. Ongoing experiments will further determine how each
exposure influences operant chamber ethanol-seeking behaviors in these offspring.
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Abstract: Fetal Alcohol Spectrum Disorder (FASD) is caused by the consumption of alcohol
during pregnancy. FASD is a heterogenous lifelong disorder characterized by a variety of
cognitive deficits. Our research aims to model this disorder in mice to potentially identify novel
molecular targets for FASD patients. In this study, we implemented a gestational ethanol
exposure (GEE) mouse model to mimic binge-like alcohol exposure from postnatal day 0 (PO) to
P10. In mice, this period corresponds to the third trimester of human pregnancy, when mothers
recovering from Alcohol Use Disorder tend to relapse. We tested the GEE progeny with an
assortment of tasks for cognitive abilities to identify behavioral deficits during early adulthood
(P60). We trained adult GEE offspring with an instrumental conditioning task to form action-
outcome associations followed by reversal learning to assess their behavioral flexibility. Then,
we used a random ratio reinforcement schedule to bias adult GEE mice towards goal-directed
actions and tested extinction, when action execution was no longer being reinforced. Although
we did not detect deficits in learning and reversal, we observed a sex-specific reduction in the
rate of extinction in female GEE mice suggesting behavioral perseverance. A reinstatement
session was conducted to exclude motivation deficits. We plan to characterize the neural circuit
changes underlying the reduced rate of extinction in female GEE mice to then design strategies
to prevent or reverse the behavioral perseveration.
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Abstract: Fetal alcohol spectrum disorders (FASD) are one of the leading causes of
developmental abnormalities worldwide. Individuals with FASD have altered sensory processing
and impaired auditory processing in particular. Atypical auditory behaviors have been reported

in the majority of FASD children. In this study, we use a model of maternal voluntary alcohol
consumption throughout gestation in a mouse model to investigate the effects of prenatal alcohol
exposure (PAE) on auditory processing. Longitudinal investigation of auditory brainstem
response (ABR) in male and female mice was performed throughout development and
adulthood. ABR waves were analyzed to assess hearing sensitivity, neural responsivity and speed
of neurotransmission across development. We found that PAE males exhibited increased hearing



thresholds, reduced response amplitudes and prolonged latencies of the ABR during the juvenile
period. Although hearing thresholds normalized during the late adolescent period, altered
response amplitudes and prolonged latencies were observed. We found increased ratios of
amplitudes of ABR waves 2 to 4 relative to wave 1 suggesting that the central auditory system
exhibits hyperactivity relative to peripheral activity. Analysis is currently ongoing to investigate
the effects of PAE on female offspring. The effects of PAE on acoustic reactivity, sensory
filtering, and sensorimotor gating was examined during the late adolescent period. We found that
PAE males exhibited increased reactivity to acoustic stimuli and PAE females showed disrupted
short-term habituation. Sensorimotor gating was not found to be altered in PAE offspring. Our
results show that chronic exposure to alcohol during fetal development can result in
perturbations in auditory processing.
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Abstract: Fetal alcohol spectrum disorders (FASD) are the most common cause of non-
heritable, preventable mental disability. They occur in almost 5% of births in the U.S, leading to
a wide range of cognitive, behavioral, and physical impairments, including deficits related to the
cerebellum. There is no known cure for FASD, underscoring the importance of research to
elucidate the biological mechanisms that translate developmental alcohol exposure to
neuropathology. We examine the effects of ethanol on a cellular level to better understand these
mechanisms. Microglia, the immune cells of the Central Nervous System, as well as Purkinje
cells, the sole output of the cerebellum, are both impacted by developmental ethanol exposure.
Alterations in Purkinje cell firing, immune activation of microglia, and reduced numbers of both
cell types have been reported. Microglia are known to shape neuronal circuit development and
connectivity in the cerebellum, and these functions of microglia are linked to their structural
dynamics. How ethanol affects these dynamics and how that impacts microglia-Purkinje cell
interactions in the long term is unknown. When ethanol was given to adult mice, cerebellar
microglia displayed reductions in motility and surveillance, particularly in the Purkinje cell layer



of the cerebellum. Here in our exploratory study, we examine the dynamics of cerebellar
microglia and their interactions with Purkinje cells in adult animals of both sexes that were
developmentally exposed to ethanol, in order to understand how ethanol impacts these cells in
the long-term. We used a mouse model of human third trimester exposure, whereby L7-
cre/Ai9/CX3CR1-GFP mice (in which microglia and Purkinje cells are fluorescently labeled)
were treated with ethanol or saline from P4-9. Mice underwent in vivo two-photon imaging in
adulthood to visualize cerebellar microglia morphology, microglia dynamics, including
microglia motility and surveillance, as well as microglia interactions with Purkinje cells. We
found no significant changes in cerebellar microglia motility or surveillance in adult animals
exposed to ethanol in development. We are currently exploring cerebellar microglia morphology,
which may show larger effects related to an immune response. We are also examining if
microglial interactions with Purkinje neurons are affected by developmental ethanol. Elucidating
how ethanol induces changes in microglial dynamics, morphology, and interactions may be
critical for understanding the long-term effects of ethanol exposure.
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Abstract: The extensive neurodevelopment during the perinatal period is sensitive to
environmental influence including that of endocrine-disrupting chemicals, phthalates. These
plasticizers are widely used in consumer products, most prominently in food
packaging/processing, personal care products, and medical tubing leading to ubiquitous human
exposure. In humans, there is a correlation between developmental phthalate exposure and
impaired cognitive and emotional processing outcomes in children (Radke et al., 2020), however
establishing causation in humans is not possible. Using a rat model, our lab has shown exposure
to an environmentally relevant mixture and dose of phthalates during the perinatal period results
in elevated developmental cell death in the medial prefrontal cortex (mPFC) (Sellinger et al.,
2021), fewer neurons in this region in adulthood and impaired cognitive flexibility (Kougias et
al. 2018). More recently, we observed similar changes in developmental apoptosis as a result of



perinatal phthalate exposure in the hippocampus, particularly the ventral region (unpublished
observations). The mPFC sends direct connections to dorsal hippocampus while receiving direct
projections from ventral hippocampus (Sigurdsson and Duvarci, 2016) and together, these
regions mediate several cognitive behaviors including social memory (Sun et al., 2020), anxiety-
like behavior (Ciocchi et al., 2015), and working spatial memory (Sigurdsson and Duvarci,
2016). The current study therefore asks if phthalate exposure during neurodevelopment leads to
immediate and/or lasting changes in behaviors involving these regions.To expose developing
pups to the phthalate mixture, dams were fed 0, 0.2, or 1 mg/kg/day on a cookie from gestational
day 2 through 25 days post-partum. One male and one female offspring per litter were tested on
the elevated plus maze (EPM) on P27 followed by the Morris Water Maze (MWM) beginning on
P29. In the EPM, a significant effect of phthalate exposure was seen only in males (n=5-6/group)
where those exposed to 1mg/kg spent a higher percentage of time in the open arms (p = 0.04)
and had a decreased latency to enter the open arm for the first time compared to controls (p =
0.02). However, no apparent effects of phthalate exposure were seen in preliminary analyses
(n=5-6/group) of the MWM. To better understand the potential lasting effects of early phthalate
exposure on behaviors mediated by mPFC and hippocampal connectivity, we are currently
running behavioral tests of social memory along with the MWM beginning on P70.
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Abstract: Everyone comes into contact with phthalates, a class of endocrine- disrupting
chemicals that comprise many consumer products like food packages and hygiene products.
Using a rat model, our lab has shown perinatal exposure to an environmentally relevant mixture
and dose of phthalates in rats leads to fewer neurons in the adult mPFC and deficits in cognitive
flexibility (Kougias et al. 2018). Furthermore, perinatal phthalate exposure leads to higher levels
of developmental cell death in the medial prefrontal cortex (mPFC) measured on postnatal (P)



day 10 (Sellinger et al., 2021). Therefore, we are examining phthalate-induced cell death in the
mPFC at a second earlier timepoint to see if the effects of phthalates generalize to a different
postnatal age as well as measuring these effects in a second neural structure associated with
cognition, the hippocampus, to explore the regional specificity of phthalate action.To expose
developing offspring, pregnant dams were dosed orally with 0, 0.2, or Img/kg of the phthalate
mixture from gestational day 2 through 10 days after birth. One male and one female per litter
were sacrificed on P5, and mPFC and hippocampal tissue was stained for TUNEL, a marker of
apoptotic cells. Preliminary data shows no significant effect of phthalates on cell death in the
mPFC in either sex (n=4-5/group). However, there was a significant effect of phthalates and a
phthalate by subregion interaction within the hippocampus in both sexes (n= 6-8/group).
Phthalates altered cell death only within dorsal CA1 (p=0.0008) where both doses of phthalates
caused more cell death than controls. Both dorsal and ventral CA3, as well as ventral CA3, were
unaffected. More subjects will be added to all groups to better understand our findings. At this
point, the effects of phthalates on apoptosis are specific to age in the mPFC and region within the
hippocampus.
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Abstract: Fetal Alcohol Spectrum Disorders (FASD) is a class of developmental disorders that
may result from prenatal alcohol exposure (AE) and affects 1 in 9 infants annually (CDC, 2019).
FASD-affected youth suffer from impairments to executive function due to abnormal functional
connectivity of the attention networks, increasing the risk for breaking the law (Ware et al. 2021,
McLachlan et al., 2020). Importantly, diminished executive function capacity is linked to
disruptions in corpus callosum growth and myelination during adolescence (Jacobson et al.,
2017; Kar et al., 2021; Treit et al., 2013, Newville et al., 2017 and 2021; Creeley et al., 2013).



However, targeted interventions that support neurodevelopment in FASD-affected youth are
nonexistent. This preclinical study investigates the potential for a myelin-stimulating adolescent
intervention to restore the development of corpus callosum. Female Long-Evans rat pups
underwent either intragastric intubation of alcohol in milk substitute (5.25 g/kg/day) or
intubation without AE (sham-controls) from postnatal days (PD) 4 through 9 in a model of third-
trimester equivalent AE (Milbocker & Klintsova, 2020). Adolescent rats from treatment and
control groups were randomly selected to receive voluntary exercise intervention or remain as
sedentary controls on PD 30-42. Previous work from our lab has shown that this intervention
mitigates neuroanatomical impairments in gray matter regions when applied to this model of
FASD (Klintsova et al., 2013). Lasting changes to brain volume using voxel-based
morphometry, white matter microarchitecture using diffusion weighted imaging and functional
connectivity with connectomics were assessed in adulthood. The data for each imaging modality
was registered to a 3D MRI rat atlas with over 170 segmented brain areas providing site specific
information on altered brain structure and function. Indices of water diffusion showed significant
differences between AE sedentary and intervention-exposed rats in brain areas associated with
memory (hippocampus), emotion (central amygdala) and motivation (nucleus accumbens).
Changes in brain region volumes were nominal. Moreover, preliminary analysis of ultrastructural
changes to myelin ensheathment via electron microscopic analysis demonstrates that AE
significantly increases the number of atypically-myelinated axons (F(3,8) =7.1,p=0.03, 12 =
0.47) in rostral corpus callosum in all rats. Further, the interaction between postnatal treatment
group and intervention exposure is approaching significance (p = .05), suggesting that exercise
intervention reduces the number of atypically-myelinated axons in the AE brain.
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Abstract: Fetal Alcohol Spectrum Disorders (FASDs) are a group of prevalent but preventable
developmental disorders that result from alcohol exposure (AE) in utero. FASDs are a major
concern for public health, as an estimated 1.1 - 5% of children born in the United States are



affected (May et al., 2018). Some morphological changes in the brain brought on by AE are
improper myelination and growth of white matter tracts connecting cortical structures to deeper
brain regions (Wilhelm and Guizzetti, 2016; Mathews et al., 2021). Indeed, myelination of white
matter is disrupted in children and adolescents with AE (Jacobson et al., 2017; Kar et al., 2021;
Treit et al., 2013). Deficits in the proliferation and differentiation of oligodendrocyte precursor
cells (OPCs) have been linked to many neurological disorders, including developmental
disorders (Berry & Lu, 2020). Patterns of epigenetic modifications have been closely associated
with cell fate specification and differentiation, suggesting a crucial role for epigenetic
mechanisms in the regulation of such cellular functions. Of note, class | histone deacetylases
(HDACS) such as HDAC1 and HDAC3 are highly involved in regulating OPC development
(Berry and Lu, 2020). This study investigated the effect of binge AE (5.25 g/kg/day, two doses 2
hours apart) during postnatal days (PD) 4-9 on Hdacl and Hdac3 expression, as well as gene
expression of the OPC marker platelet-derived growth factor receptor A (Pdgfra) and the mature
oligodendrocyte product myelin basic protein (Mbp) in male and female Long Evans rat pups at
both neonatal and juvenile timepoints. On PD10 or PD15, brains were extracted and flash frozen
for later biochemical procedures. RNA was isolated from medial prefrontal cortex (mPFC) and
rostral corpus callosum (rCC), and RT-PCR was used to assess quantitative expression of gene
targets. Data were analyzed using two-way ANOVAs which revealed a significant main effect of
postnatal treatment on Mbp expression in rCC at PD10 [F(2, 45) = 3.428, p = 0.0411]. Post hoc
analyses revealed significantly lower gene expression in AE males compared to suckle control
males, suggesting an effect of the combined intubation procedure and AE in males at PD10.
Additionally, there was a significant main effect of postnatal treatment on Hdac3 expression in
mPFC at PD10 [F(2, 46) = 7.093, p = 0.0021]. Post hoc analyses revealed significantly higher
gene expression in suckle control animals compared to either AE or sham intubated animals,
suggesting an effect of intubation stress on Hdac3. This ongoing study will help us understand
the early onset mechanisms by which AE affects OPC development and subsequent gray and
white matter myelination.
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Abstract: Previously, we found that in male rats, chronic exposure to a moderate dose of
cannabis extract (4 mg/kg/day delta9-THC) for 28 days prior to mating causes significant
alterations in the methylation of their sperm DNA and persistent neurobehavioral effects in their
offspring. This study progressed to the F2 generation, mating male offspring of studs exposed to
cannabis extract (4 mg/kg/day THC, daily or 2 consecutive days per week) or vehicle treated
controls to produce an additional generation. Interestingly, F1 offspring from the cannabis
exposed groups, showed behavioral effects that were not seen in the F2 offspring, and vice versa.
In pre-weanling rats, F1 offspring showed no treatment effects on righting reflex (PND 2-6) or
negative geotaxis (PND 7-13), but F2 offspring from the daily cannabis group showed initial
impairments in the righting reflex and both cannabis groups showed overall deficits in the
negative geotaxis response. By contrast, F1 offspring of males exposed to cannabis daily showed
altered physical development. These F1 offspring showed elevated body weights from PN17-28,
and altered anogenital distances, with both males and females showing increased AGD at PN17
and males showing increases at PN21. Furthermore, F1 females showed more rapid habituation
of locomotor behavior in adolescence, but not adulthood. F2 offspring did not show this
locomotor effect, but preliminary data indicate that grand-paternal cannabis exposure disrupts
typical sex differences in locomotion in adulthood (female levels decrease, male levels increase).
Further behavioral assessment of locomotor activity, emotional function and cognition are
ongoing. Paternal cannabis exposure can affect intergenerational and transgenerational
neurobehavioral development, including effects that attenuate or emerge in the later generation.
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Abstract: Pregnant people consume cannabidiol (CBD) to help with nausea because it is readily
available and public perception is that it is safe. CBD is the non-psychoactive component of
marijuana that is federally legal and sold commercially across the United States. Consumption
of marijuana during pregnancy is increasing in the U.S., with umbilical cord tissue showing
marijuana exposure rates as high as 22% in Colorado. Maternally consumed CBD and THC
diffuse across the placenta to the fetus and accumulate in the fetal brain, liver, and other fatty
tissues. Clinical studies suggest that fetal marijuana exposure is associated with poor birth
outcomes, and increased rates of anxiety and attention deficit and hyperactivity disorder
(ADHD) at puberty. However, these studies are confounded by inadequate dosing information
and inability to distinguish the impact of CBD from THC. Little is known about how CBD
exposure affects brain development and behavior. CBD activates the Transient Potential
Villanoid 1 Receptor (TRPV1) and the Serotonin 1A Receptor (SHT1AR) which are expressed
in the developing brain. Excessive activation of TRPV1 and 5SHT1AR by fetal CBD exposure
could have adverse effects on brain development. For example, dysregulation of these receptors
in-utero can induce physiological and behavioral changes across a lifetime. Postnatally, these
receptors mediate critical central nervous system (CNS) functions and can impact behavior,
including anxiety, obsessive compulsive disorder, cognition, and thermal pain sensitivity. We
administered CBD (50mg/kg) or vehicle to mice daily throughout pregnancy. To elucidate the
impact of CBD exposure on development of the hypothalamus, we conducted single cell RNA
sequencing on the hypothalamuses from the postnatal day (P)1.5 pups. This data revealed
differences in gene expression within the hypothalamus based on CBD exposure and offspring
sex that predicted changes in neuronal function. To determine if CBD affects postnatal behavior,
we measured cognition, memory, anxiety, pain, and compulsivity in female and male mice
exposed to CBD or vehicle during fetal development. We show fetal CBD exposure reduces
cognition in female offspring. Fetal CBD exposure increases sensitivity to thermal pain in male
offspring, an effect that is dependent on TRPV1. Preliminary electrophysiology data supports the
hypothesis that fetal CBD exposure renders layer 2/3 pyramidal neurons in the prefrontal cortex
less excitable through SHT1AR activation, though they have a similar resting membrane
potential. Combined, these data suggest that intra uterine CBD exposure could be harmful to
fetal brain development.
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Abstract: Opioid use during pregnancy has increased drastically within the last several years. To
avoid harmful opioid-induced effects on the fetus, pregnant women who use opioids are often
prescribed Medications for Opioid Use Disorder (MOUDs), including buprenorphine (BUP) or
methadone. However, exposure to synthetic opioids during pregnancy is known to negatively
impact offspring neurodevelopment. Importantly, it is not yet understood how gestational BUP
exposure may affect fetal brain development. In the current study, we used a translational rodent
model to investigate offspring neurodevelopmental outcomes following discontinued or
continued administration of morphine (MS; to mimic opioid use disorder) or BUP (to mimic
MOUD treatment). Seven days prior to pregnancy, female rats were administered either MS (3-
6.0mg/kg, b.i.d., s.c.) or BUP (1.0mg/kg, q.d., s.c.) until gestational day (GD) 19 (‘discontinued’,
mimicking withdrawal before parturition) or until postnatal day 2 (PN2, ‘continued’ through
parturition). Pups were sacrificed on PN2, and brains and truck blood were collected for
subsequent analysis. Both continued and discontinued BUP exposure resulted in higher pup
mortality, reduced body weight, and increased neonatal withdrawal symptoms compared to MS-
exposed pups and controls. On PN2, discontinued BUP exposure resulted in fewer visible milk
bands in pups compared to other groups, while discontinuation of both opioids resulted in an
increase in righting latency compared to the continued groups. Preliminary results indicate that
BUP levels were very low in pups on PN2, especially in the discontinued group; while pups
exposed to continued MS seemed to accumulate drug in their system (i.e., elevated serum levels
compared to dams'). Offspring brains are currently being analyzed for neurotransmitter levels
(dopamine, serotonin, norepinephrine, and common metabolites DOPAC, 5-HIAA, HVA & 3-
MT) in the prefrontal cortex, hypothalamus, and hippocampus. This will allow us to measure the
impact that gestational exposure to these opioids has on neurotransmitters during early fetal
development. Taken together, our results suggest that BUP use during pregnancy negatively
influences pup survival despite very low levels of BUP in the pups’ system after birth. More
research is crucial to investigate the underlying mechanisms associated with offspring outcomes
following prenatal BUP exposure with the goal of improving clinical outcomes in pregnant
women undergoing treatment for opioid use disorder.
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Abstract: Introduction: The dorsal motor nucleus of the vagus (DMNV) is an elongated
cardiorespiratory centre within the brainstem that innervates the thorax and abdomen with
parasympathetic motor impulses and controls the heart rate under normal conditions. Fetal
growth restriction (FGR) is caused by placental dysfunction, which limits oxygen and nutrients
available to the fetus. In response to fetal hypoxia, the brainstem mediates an adaptive
cardiovascular response, known as brain sparing, to favour oxygen supply to vital organs, such
as the brain and heart. However, brain injury still occurs in FGR offspring. Cardiovascular
dysfunction is also evident in babies born FGR, thought to be due to the vascular adaptations to
hypoxia in utero. However, we hypothesise that differential development of the brainstem
cardiorespiratory centres, such as the vagus nerve (CNX) nuclei, in growth restricted fetuses may
contribute to cardiovascular complications postnatally. Methods: We induced FGR at 88 days
(d) gestation in our ovine model (term is 147d). Using histopathological analysis, possible
structural deficits were characterised in the three main CNX nuclei including the DMNV,
nucleus ambiguus (NA), and the nucleus tractus solitarius (NTS), from FGR and control fetal
sheep at gestational ages 110d (extremely preterm), 127d (preterm) and 138d (near-term). These
time points were comparable to 29-, 33- and 36 weeks gestation in human. Results: Within the
growth restricted brain tissues, there was increased oxidative stress, neuroinflammation and cell
death, and decreased cell proliferation in the NA and NTS at 110, 127 and 138d. However, no
histopathology was detected in the DMNV in FGR at 110 and 127d. Interestingly,
neuropathology was only seen in the DMNV at 138d in the FGR group compared to the control.
The sympathetic control centre of the cardiovascular tone, known as the rostral/caudal
ventrolateral medulla (C/RVLM) was spared from damage. Conclusion: FGR is associated with
altered cellular development of the critical parasympathetic control centres in the medulla
oblongata, such as the CNX nuclei, including the NA and NTS in all fetal ages studied, and the
DMNYV only in near-term growth restricted fetuses.
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Abstract: Recent advances in neonatal care units have sharply increased the survival of preterm
newborns and drastically decreased the occurrence of severe brain lesions and associated motor
deficits in premature infants. Nevertheless, nowadays preterm newborns still present
abnormalities in functional connectivity, myelination deficits and behavioural alterations,
including cognitive and social deficits, and repetitive behaviours. Interestingly, human literature
reported female gender as generally protected against preterm brain related complications, but
with some emotional/anxiety difficulties.Insulin like Growth Factor 1 (IGF-1) is a major fetal
growth hormone in utero, especially during the third trimester of pregnancy. As a consequence
of the premature birth, preterm newborns fail to receive IGF-1 from the mother’s placenta. Thus,
serum levels of IGF-1 in preterm newborns are lower compared to the corresponding in utero
levels. In this study, we mimicked in mice the IGF-1 deficiency of preterm newborns (i.e., 23-32
weeks of human gestational age), by systemic administration of the IGF-1 receptor specific
antagonist JB1 (0.018 mg/kg; subcutaneously, once daily from postnatal day (P)1 to P5).
Behavioral analysis during mouse adolescence showed that only JB1 treated male mice
performed poorly in a spatial and recognition memory test, and exhibited social deficits and
repetitive behavior. Nevertheless, JB1 female mice showed increased anxiety behavior when
evaluated in the elevated plus maze test. Furthermore, immunofluorescence and electron
microscopy analysis showed hypomyelination in white matter area and reduced number of
interneurons in the hippocampus and prefrontal cortex of JB1 treated mice, anatomical features
described in human preterm. Finally, patch-clamp recording in acute hippocampal slices
uncovered increased aberrant neuronal excitability in the hippocampus of adolescence JB1
treated male mice, suggesting a role of GABAergic circuits in the sex specific behavioural
outcomes.In conclusion, our study demonstrate a causal relationship between reduced IGF-1
signaling during the critical period of prematurity and the development of preterm brain disorder
like phenotype in mice. This discovery supports the rational of IGF-1 supplement in preterm
newborns and establishes a reliable experimental animal model to dissect mechanisms involved
in preterm brain disorder.
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Title: Long term axonal defects in mouse models of anti-NMDA receptor encephalitis associated
with persistent behavior deficits

Authors: *J. ZHOU, A. L. GREENFIELD, R. LOUDERMILK, C. M. BARTLEY, B. T.
TRAN, H. WANG, M. R. WILSON, S. J. PLEASURE;
Univ. of California San Francisco, Univ. of California San Francisco, San Francisco, CA, CA

Abstract: Anti-NMDA receptor encephalitis characterized by anti-NMDA receptor
autoantibodies in cerebrospinal fluid, manifests with prominent sensory-motor coordination
deficits amongst a variety of other neurologic symptoms. We have demonstrated that the NMDA
receptor controls callosal projections in primary somatosensory cortex (S1), which is a key
structure for integrating sensory-motor information. Here, we generated monoclonal antibodies
from an anti-NMDA receptor encephalitis patient and identified antibodies against GIuUN1 and
GIuNZ2A subunits. In mice, both antibodies disrupt callosal circuit leading to overabundance of
callosal projections in S1, with anti-GIuN1 antibody provoking the more severe disruption. The
disruption of the S1 circuit during development caused permanent axon morphology alterations
and sensory-motor deficits in adulthood, most importantly, the severity of sensory-motor deficits
was positively correlated with the severity of axon morphology alterations in S1. Our study
confirms the central role of anti-GIuN1 and anti-GIuN2A autoantibodies in the pathogenesis of
anti-NMDA receptor encephalitis and reveals that persistent anatomic changes associate with
behavior deficits.
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Title: Quantitative in-vivo magnetic resonance imaging of moderate perinatal hypoxia-related
changes in a rat brain
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Abstract: AimThe in-vivo MRI study of juvenile rats aims to detect neuroradiological structural
and volumetric changes consequently to a moderate perinatal hypoxic brain lesion.
MethodsSixteen male Wistar Han (RccHan: WIST) rats were subjected to moderate hypoxia (8%
02, 92% N2/2h, ( 8 treated and 8 control) on the first postnatal day (P1). On P15, MRI T2-
weighted scans were obtained in-vivo, and brain volume was quantified after manual delineation
of regions of interest, using ITK-SNAP and custom scripts in Python 3.8. In addition, 16 post-
hypoxia (8 males, 8 females) rats were sacrificed on P50, brains were instantly isolated, and
immediately weighed on a digital scale. Due to the sex-related difference in size, brain mass was
compared separately in males and females by student t-test.

ResultsThe rats subjected to hypoxia show an indicative increase in olfactory bulb volume
fraction (VF) median from the total brain volume (TBV; 4.36+- 0.78%) and 4.55+- 0.37%,
p=0,0734). We found no difference between groups in the TBV or ventricular system VF
medians. Post-hypoxic adult animals displayed a slight but significant increase in the brain mass
in both males(1,81+- 0.06 g and 1.72 +- 0.03 g, respectively, p= 0.0032) and females (1.67+-
0.05 g and 1.54+- 0.15 g, respectively, p=0.0448), in comparison to control rats.
ConclusionFurther investigation is needed to understand the underlying mechanisms of
demonstrated brain volume and mass changes after moderate perinatal hypoxia.
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Authors: *J. A. KOENIG, C. HAGA, A. KELLER;
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Abstract: Organophosphorus (OP) pesticides are used widely in agriculture and act by inhibiting
the enzyme acetylcholinesterase (AChE). As AChE is highly conserved, OP exposure
additionally poses a real risk to human health. This is of particular concern when the exposures
occur in utero, as it is correlated with an increased prevalence of neurodevelopmental disorders
such as autism spectrum disorder and ADHD. The causative mechanisms remain unclear. This
project uses a rat model of gestational exposure to the OP compound, chlorpyrifos, to measure
structural and functional detriments imparted on the primary somatosensory cortex, a
translationally relevant brain region. Rat dams were exposed daily to 5.0 mg/kg chlorpyrifos
subcutaneously on gestational days 18-21. This exposure produced no overt signs of toxicity.
Neonatal tissue collected on PND 0 revealed an approximately 50% reduction of AChE activity
in the forebrain, hindbrain, and heart. Cytochrome oxidase staining of the somatosensory cortex
on PND 5-7 showed a delay in the establishment of the barrel field pattern following
chlorpyrifos exposure, with no discernable difference seen at PND 21. To measure functional
alterations, ex vivo slice electrophysiology was utilized in conjunction with a spike-timing
dependent plasticity protocol. A post-before-pre (-25ms) negative timing pairing displayed a
delayed shift in the initiation of the L4 to L2/3 critical period of plasticity in the primary
somatosensory cortex. There was no difference in spontaneous EPSC frequency or amplitude, or
in the firing rate/current relationship (>PND 12). These results offer new evidence for a possible
mechanism underlying the neurodevelopmental disorders associated with gestational OP
exposure and could potentially guide the development of new therapies and improved strategies
for the use of organophosphorus pesticides in and around residential communities.
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Title: Postnatal choline supplementation mitigates the effects of prenatal THC exposure on
spatial memory in rats
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Abstract: Cannabis and tobacco are among the most commonly used drugs among pregnant
women. Increasingly, both of these drugs are being consumed via electronic cigarettes (e-



cigarettes), which also allow for cannabis products and nicotine to be easily combined. However,
prenatal exposure to either drug may place the fetus at a higher risk for developing cognitive
impairments. Interestingly, clinical evidence suggests that higher maternal choline levels are
associated with reduced risk to the adverse effects of marijuana on the fetus. Choline is an
essential nutrient that is critical for brain development. Thus, the present study used a rodent
model to investigate the ability of early choline supplementation to modify the effects of prenatal
exposure to nicotine, tetrahydrocannabinol (THC), and the combination on cognitive function.
Pregnant Sprague-Dawley dams were placed into a vapor inhalation chamber from gestational
days (GD) 5-20. Dams were exposed to either THC (100 mg/mL.), nicotine (36 mg/mL), the
combination, or propylene glycol (vapor vehicle control), via e-cigarette (a 6-second puff every 5
min for 30 minutes per day). On GD 22, dams gave birth, and one sex pair/litter was assigned to
treatment group. From postnatal day (PD) 10-30, male and female offspring received s.c.
injections of either choline chloride (100 mg/kg) or saline vehicle. From PD 40-46, offspring
were tested on a Morris Water Maze spatial learning and memory task. Prenatal nicotine did not
impair spatial learning or memory. However, prenatal exposure to THC impaired spatial memory
in females, with those exposed to both THC and nicotine showing the most severe deficits.
Importantly, THC-exposed females who also received choline treatment exhibited improved
spatial memory, not differing from control levels. Females exposed to the combination of
nicotine and THC and who received choline also showed reduced thigmotaxis, indicating less
anxiety behavior. These data indicate that choline can mitigate memory deficits associated with
prenatal THC exposure, particularly when combined with nicotine, and may also modify
emotional behavior. Importantly, these preliminary findings suggest that choline administered
postnatally may reduce the severity of prenatal cannabis effects.
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Title: Choline supplementation mitigates alterations in hippocampal neurotrophic support caused
by developmental ethanol exposure
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Ctr. for Behavioral Teratology, San Diego State Univ., San Diego, CA

Abstract: Fetal Alcohol Spectrum Disorders (FASD) refer to the range of outcomes observed in
individuals exposed to alcohol prenatally and constitute a serious, but preventable, public health
concern. In fact, FASD affects an estimated 0.77% of the global population, with much higher



rates in many areas, including the U.S. where estimates range from 1-5%. As a potent teratogen,
ethanol (EtOH) can negatively affect the sensitive fetal environment, leading to neurotoxicity
and a range of cognitive deficits. Interestingly, both clinical and preclinical studies have shown
that supplementation with the essential nutrient choline can reduce the severity of
neurobehavioral and cognitive alterations associated with prenatal alcohol exposure, particularly
those that depend on the functional integrity of the hippocampus. Importantly, the recovery in
behavioral deficits occur even when choline is provided postnatally, after the alcohol insult.
Although postnatal choline supplementation appears to improve FASD outcomes, the molecular
mechanism of choline in conferring these benefits remains unclear. Prenatal alcohol exposure is
known to disrupt neurotrophic support; thus, choline could be improving function by enhancing
neurotrophic factors. Using a third-trimester equivalent model of EtOH exposure, we examined
the effects of early alcohol and postnatal choline supplementation on brain-derived neurotrophic
factor (BDNF) signaling. Sprague-Dawley rats were exposed to EtOH on Postnatal Days (PD) 4-
9 via intubation, at a dose of 5.25 g/kg/day. Controls were given sham intubations. From PD 10-
30, half of the subjects received 100 mg/kg s.c. injections of choline chloride and the other half
received saline vehicle. Hippocampal tissue was microdissected and collected on PD36 for
protein analysis. Using Western Blots, we quantified levels of hippocampal BDNF, its receptor
tropomyosin receptor kinase B (TrkB), as well as downstream signaling molecules.
Developmental EtOH exposure significantly reduced the levels of mature BDNF without
affecting the total amount of BDNF protein present. Importantly, this reduction in BDNF was
recovered with choline supplementation. In fact, BDNF levels did not differ between EtOH-
exposed subjects treated with choline and controls. Additionally, there were no group effects on
TrkB receptors. Thus, these data suggest that choline supplementation acts to restore deficits in
hippocampal BDNF signaling in FASD, which may support neuroplasticity and behavioral
function.
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Abstract: Purposeful induction of fever for healing, including the treatment of epilepsy, was
proposed over two thousand years ago by Hippocrates. More recently, fever has been associated
with the abatement of many of the social behavioral abnormalities seen in autism spectrum
disorder. However, the lack of mechanistic studies exploring the mechanism for the protection



by fever, due to in large part to the lack of appropriate human disease models, has limited
enthusiasm for this mode of therapy. We have focused on a human neurodevelopmental disorder,
caused by a missense mutation in the IQSEC2 gene (A350V), resulting in drug resistant epilepsy,
autism spectrum disorder and intellectual disability, in which fever in a child with the mutation
has been associated with a cessation in seizures and improved social interactions. We have
recently demonstrated that a continuous 5d exposure of A350V IQSEC2 mice to an ambient
temperature of 37°C dramatically reduced lethal seizures and improved their behavioral
interactions. In this study, we sought to determine if a more practical and potentially translatable
means of simulating fever could provide a similar benefit and to determine the mechanism for
this benefit. Body core temperature in A350V mice was increased to 39°C (assessed
telemetrically with IPTT-3000) by increasing the ambient temperature to 39°C for 15 minutes a
day. These treatments significantly reduced lethal seizures in A350V mice (66/146, 45% vs.
6/36, 16%, p<0.002). Pharmacological induction of the heat shock response with celastrol
(Img/kg/d) significantly reduced lethal seizures in A350V mice (66/146, 45% vs. 1/15, 6.7%,
p<0.004). Our working hypothesis has been that fever rescues via induction of specific heat
shock proteins which serve as chaperones that can help with misfolded mutant proteins. The
A350V mutation occurs in the apocalmodulin (ApoCM) binding region of IQSEC2 and thereby
prevents ApoCM from serving as an allosteric modulator of the GEF activity of IQSEC2. We
therefore assessed the ability of heat to restore the binding of A350V IQSEC2 to ApoCM. We
found that in vitro brief heat shock resulted in the partial rescue of the impaired binding of
A350V IQSEC2 to ApoCM. We have recently identified multiple children with different
IQSEC2 mutations that also appear to benefit from fever with a reduction of seizures. Therefore
these studies not only provide mechanistic insight into how fever may provide benefit in IQSEC2
disease by induction of the heat shock response but also may provide a practical means to
decrease seizures in many children with IQSEC2 mutations.
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Title: Developmental perfluorohexanoic acid (PFHXxA) exposure affects brain development



Authors: *E. C. PLUNK?, A. K. MAJEWSKAZ;
1Dept. of Envrn. Med., 2Dept. of Neurosci., Univ. of Rochester Med. Ctr., Rochester, NY

Abstract: Since the phase out of legacy per- and polyfluorakyl substances (PFAS) due to the
long-term health effects such as hypothyroidism, decreased immune response to vaccines,
attention deficit/hyperactivity disorder, and autism spectrum disorder (ASD) following
gestational exposures, industries have effectively replaced them with next generation, short-chain
PFAS. Perfluorohexanoic acid (PFHxA) is one of the replacements. PFHXA is a large chemical
component in aqueous film forming foam (AFFF) which migrates into water and soil systems
contaminating drinking water and food. Epidemiology studies have reported that PFHXA has an
efficient blood to breast milk translation showing that infants are exposed via breastmilk. PFHxA
has also been reported in serum of pregnant women and passes through the placenta. This
suggests that exposure to PFHxA could affect brain development, although this has not yet been
studied in depth.

Because long-chain PFAS have been shown to disrupt immune responses, we are interested in
how PFHxA exposure could affect microglia, the immune cells of the brain, in the context of the
developing nervous system. Additionally, long-chain PFAS disrupt developmental thyroid levels
which could impact both neurons and microglia. Therefore, our work investigates the hypothesis
that gestational and lactational exposure to PFHXA in a mouse model disrupts the colonization of
microglia in the developing brain as well as disrupts neuron growth indirectly through decreased
thyroid hormone signaling.

To test this hypothesis, we exposed pregnant C57BI1/6 mice daily from gestational day O through
postnatal day (P) 21 to ddH20O, propylthiouracil (PTU) which is known to disrupt thyroid
signaling, and a low or high dose of PFHXA. On P21 offspring of both sexes were euthanized,
and we used immunohistochemistry to immunolabel microglia and mature neurons. We analyzed
microglia density in the cerebellum, hippocampus, and corpus callosum, and also assessed
cortical thickness. Our preliminary results suggest that cortical thickness is unchanged by PTU or
PFHxA and that microglial colonization is not altered in the hippocampus or corpus callosum.
The cerebellum, however, showed changes in microglial density that were layer-specific.
Additionally, we found elevated PFHxA levels in the brain and serum in both low dose and high
dosed exposed animals at P90, long after exposure had ceased. These results suggest that PFHXA
might affect brain development in an area-specific manner and might persist in the body.
Understanding PFHxA exposure during brain development will aid policy makers in protecting
the consumer by regulating PFHXA industrial use.
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Title: Effects of microglial depletion on lysophosphatidic acid (LPA)-induced post-hemorrhagic
hydrocephalus (PHH)
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Abstract: Post-hemorrhagic hydrocephalus (PHH) is a neurological disease that primarily
affects premature infants, whose brain vasculature is still poorly developed, and is thought to
result from the infiltration of blood into the brain’s ventricles. Blood components are the primary
cause of PHH; however, the exact mechanisms driving PHH development and propagation
remain unclear. As PHH progresses, cerebrospinal fluid (CSF) continues to be produced, but it is
poorly reabsorbed, driving abnormal CSF accumulation that leads to ventricular enlargement.
Current treatment involves surgical introduction of a shunt into the brain ventricles to
redistribute the excess CSF. Our group has modeled PHH in postnatal mice by stereotactic
injection of lysophosphatidic acid (LPA) into the brain’s ventricles of C57/BL6 mice at postnatal
day 7 (P7). LPA is a bioactive lipid present in blood that signals through 6 known G protein-
coupled receptors (GPCRs), LPA1.6. CSF hypersecretion has been shown to result from an
inflammation-dependent response that correlates with increased immune cell numbers, revealed
by single-nucleus RNA-seq (SnRNA-seq) performed on LPA-injected brains. Our bioinformatic
analysis also showed activated microglia to be the most significantly altered cell type. To assess
whether microglia or peripheral immune cells influence PHH, as well as to identify the cytokines
and chemokines involved in this process, depletion of microglia is being pursued by
pharmacological intervention. Using Pexidartinib (PLX3397), a CSF-1R inhibitor that
effectively depletes microglia and peripheral macrophages following daily subcutaneous
injections, microglia can be vastly reduced in the early postnatal mouse brain. This depletion, in
combination with our PHH model, will allow us to identify immune mechanisms of PHH
initiation and progression.
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Title: Helminth treatment timing may alter hippocampal dependent context pre-exposure
facilitation effect fear conditioning memory
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2Biol. Sci., *Northern Kentucky Univ., Highland Heights, KY

Abstract: Autoimmune, allergic, and chronic inflammatory diseases have been on the rise?.
Commensalist parasites may provide anti-inflammatory signals that attenuate disease-causing
inflammation. Early life inflammation has a significant effect on behavior, especially when
combined with inflammation in adulthood?. This study assesses the interactions between
helminth (commensalist parasite) treatment, early-life and adult inflammation, and sex on
hippocampal dependent memory using context pre-exposure facilitation effect (CPFE) fear
conditioning. Maternal helminths combined with helminth treatment in their offspring at
weaning eliminated memory deficits on a fear conditioning task®. This study separates the effects
of maternal and offspring treatments. In the maternal study, dams received Hymenolepis
diminuta (rat tapeworms) or saline orally, prior to mating. Their pups received PBS or E. coli on
postnatal day 4. In adulthood, the offspring received saline or lipopolysaccharide (LPS) during
the CPFE consolidation period on Day 1 of training. Maternal helminths did not specifically alter
fear conditioning behavior or prevent impairments. In the offspring study, dams were not treated.
Their pups were then treated with PBS or E. coli on P4 as in the previous study, and then at
weaning offspring were treated orally with H. diminuta or saline. We predict that helminth
treatment at weaning will have a more robust effect on fear conditioning behavior. This study
will allow us to further understand immune stressors and possible interventions, which later
could help aid medicine and human health.
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Abstract: The first stages of development: gestation, lactation, and early childhood are
especially sensitive to changes in the environment due to the concurrence of the cytogenetic
processes typical of these stages, which are necessary to guarantee the correct development of
the central nervous system. Nutrition is a fundamental element for meeting the demands of the
early periods of maturation and brain development, it has been observed that the consumption of
inadequate diets could contribute to structural and functional alterations of the brain that have
been linked to the development of mental disorders in adulthood. Specifically, studies on the
consumption of a high-fat diet during pregnancy have reported involvement in mood regulation,
increased stress response, behaviors related to anxiety, and depression. Other studies have shown
that HFD during pregnancy contributes to neuroendocrine, metabolic, and immune/inflammatory
alterations, affecting maternal and child health due to exposure to hormones and nutrients, and
altering the development of critical neural pathways in behavior regulation. This systematic
review aims to analyze the previously described mechanisms involved in the development of
mood disorders during adulthood due to maternal intake of HFDs during pregnancy and
lactation, both in humans and in animal models. The last five years of research were considered
for this study to obtain the most recent information on the subject and its contribution to
clarifying the mechanisms involved in lipid diets and their influence on early development and
contribution to vulnerability to mental illness. The initial search was made in PubMed where 472
articles were found, in addition to 13 titles identified from other sources. No duplicate documents
were found, giving a total of 485 documents. Next, 64 articles were selected that met the
relevance criteria based on the title and 38 after reading the abstracts. Finally, after a full-text
review, 10 were excluded because they met at least one of the exclusion criteria. Alterations due
to maternal consumption of HFDs during pregnancy and lactation seem to have multifactorial
effects that disturb the quality of life of individuals. The alterations seem to be related to
neuroinflammation processes, HPA axis alterations, and epigenetic changes. Animal models are
a viable alternative to investigating and understanding the underlying mechanisms of mental
illness. The information obtained from animal models can be used as a preamble for more
specialized treatments and interventions to prevent mental health deterioration in humans.
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Cinvestav-IPN, Mexico City, Mexico

Abstract: Glutamate (Glu) is the main excitatory neurotransmitter in the Central Nervous
System (CNS), regulation of glutamatergic synaptic transmission requires the uptake of Glu by
sodium-dependent high-affinity transporters (EAATS). The gross of Glu uptake is through glial
transporters GLAST (EAATL1) and Glt-1 (EAAT2). Within the cerebellum, GLAST highest
expression takes places in Bergmann glia cells (BGC), whose processes extend radially through
the molecular layer, ensheathing the excitatory synapses between parallel fibers and Purkinje
cells. Given their key disposition and their role in Glu uptake, glial cells are important
modulators of synaptic activity.Inorganic Arsenic (iAs) and Fluoride (F°) are two of the most
commonly found toxic contaminants in groundwater, co-existing in major hot spots regions due
to geogenic and anthropogenic causes, being a worldwide problem affecting millions of people.
Chronic co-exposure to iAs and F through drinking water has been recognized as a global public
health concern. The individual neurotoxicity of iAs and F~ has been largely documented, finding
relevant neurological impact that includes neurodevelopmental deficits such as reduced 1Q level,
lowered memory capacity, retarded attention and slower learning ability, depression,
encephalopathy, peripheral neuropathies, and also neurodegeneration. Among the molecular
mechanisms associated with these anormalities are oxidative stress, mitochondrial disfunction,
inflammation, alterations in synaptic plasticity, increased extracellular Glu levels and
excitotoxicity. Given the role of GLAST in controlling the extracellular Glu levels to prevent
excitotoxicity, we evaluated the effects of the co-exposure to 3 uM iAs and 500 uM F on BGC
viability, 3[H]-D-Asp uptake, ribosome profiles and translational control check points proteins
phosphorylation (p-elF2-a and p-eEF2) levels. Co-exposure to iAs and F~ decreases BGC
viability in a time and dose dependent manner, a 3 pM iAs/500 uM F for 10 min increased
significatively the uptake of the non-metabolizable analog of Glu 3[H]-D-Asp, mediated by an
increase in the affinity of the transporter. As oxidative stress might be involved in these effects, it
was not surprising that antioxidant Trolox reverted the increase in 3[H]-D-Asp uptake.
Interestingly the elF2-a and eEF2 phosphorylation levels were augmented without a clear effect
of polysome-to-monosome ratio as judged by ribosomal profiling. The present results shed light
into the molecular mechanisms that lie on an important health problem such as Arsenic and
Fluoride neurotoxicity, and further support the involvement of glial cells in these processes.
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Title: Deficits in corticostriatal neurotransmission and social interaction in mice with a genetic
deletion of system x.” disappear with aging
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Abstract: In the brain, the cystine/glutamate antiporter system X" is mainly located on astrocytes
and imports cystine in exchange for glutamate. This glutamate can modulate glutamatergic
neurotransmission by activating extrasynaptic glutamate receptors. Our previous findings show
that young-adult mice with a genetic deletion of xCT (xCT”-mice), the specific subunit of
system Xxc’, display deficits in corticostriatal neurotransmission -evaluated by generating
input/ouput curves using slice electrophysiology- which can be rescued by adding glutamate to
the slice. These deficits are accompanied by behavioral changes, suggestive of autism-spectrum
disorder-like (ASD) behavior (Bentea et al., Molecular Psychiatry 2021). Since we recently
observed that hippocampal neurotransmission in XCT”-mice was unaffected by the aging
process, contrary to wildtype (xCT**) littermates (Verbruggen et al., Molecular Psychiatry
2022), we hypothesized that also corticostriatal neurotransmission would be maintained with
aging in xCT” mice and possibly become as efficient as in aged xCT** littermates, thereby
resulting in similar behavior in both aged genotypes. Repetitive behavior was studied in aged
xCT** and xCT”" mice by evaluating grooming and marble burying. Social behavior was
analyzed with the reciprocal social interaction and the three-chamber assay test. The
corticostriatal neurotransmission was investigated using slice electrophysiology, and Golgi Cox
stainings were performed to compare the morphology of the striatal medium spiny neurons
(MSN) of xCT** and xCT~~ mice. No major differences in behavior were seen between the aged
xCT"-and xCT*"* mice. In accordance with young-adult mice, we could not detect significant
effects of XxCT deletion on grooming behavior in aged mice. However, contrary to young-adult
mice, aged XCT”" mice did not show increased digging behavior or reduced time spent in social
interaction. Furthermore, no deficits in corticostriatal neurotransmission could be detected in
aged xCT~mice, compared to the aged xCT*"* mice. Finally, no morphological differences were
seen between MSNs of aged xCT** and xCT”- mice. We conclude that the differences in
corticostriatal neurotransmission and behavior that we previously observed between young-adult
XCT”-and xCT** mice, were absent in aged mice. This study will be completed by an in-depth
analysis of the corticostriatal synapses at the ultrastructural level to investigate whether the
changes in intracellular glutamate that have been observed in the pre- and postsynaptic terminals
of young-adult mice, disappear as well with aging, and could explain the observed effects.
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Abstract: Cholinergic neurons in the basal forebrain project across the cerebral cortex releasing
acetylcholine (ACh). ACh is known to modulate "brain states™" characterized by different
efficiency of information processing. ACh is also a known vasodilator and thus is expected to
modulate not only activity of neuronal circuits but also hemodynamics reflected by blood
oxygenation level dependent (BOLD) functional magnetic resonance imaging (fMRI). The
cholinergic system is among the earliest neuronal circuits affected in neurodegeneration
including Alzheimer’s disease and other dementias. Therefore, the ability to infer cholinergic
activity from BOLD-fMRI in humans would be useful for basic science and clinical applications
alike. In mice, ACh release can be measured directly using genetically encoded optical
biosensors. In this study, we combined optical imaging of ACh with BOLD-fMRI to study the
relationship between cholinergic activity and BOLD-fMRI signals. We expressed genetically
encoded red GRABAach sensor (rACh1.4) in the left barrel cortex was induced through
intracortical injections of an adeno associated virus. Mice were implanted with large cranial
windows to allow optical access to the left hemisphere of the dorsal cortex and PEEK headbars
for head fixation within a 9.4T MRI scanner. Mice underwent an extensive training regimen to
acclimate them to both head fixation and the sound of the MRI scanner. We engineered an MRI-
compatible optical imager to perform fluorescent imaging of ACh inside the scanner. We
observed both a BOLD response and ACh release following an airpuff stimulus to the whisker
pad. However, the BOLD response preceded ACh release inconsistent with the hypothesis of
ACh driving the BOLD signal. Furthermore, we observed intermittent departures between the
BOLD signal fluctuations and ACh dynamics during spontaneous (“resting-state™) activity.
These results suggest that cholinergic control of the resting-state BOLD-fMRI dynamics may
vary over time dependent on the local neuronal activity, presence of other neuromodulators, and
behavioral context.
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Title: Redox-dependent membrane trafficking of neurotransmitter transporters
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Abstract: Plasma membrane neurotransmitter transporters clear neurotransmitters from the
extracellular space and play a key role in regulating neuronal signaling. The neuronal excitatory
amino acid transporter 3, EAATS3, is essential for glutamate clearance and modulation of
glutamatergic tone. However, EAAT3 also transports cysteine into the cell where it serves as a
rate-limiting substrate for the synthesis of glutathione, a key neuronal antioxidant. EAAT3
mutations are associated with several neuropsychiatric disorders such as schizophrenia and
obsessive-compulsive disorders that may be due to its role in glutamate or cysteine transport.
The activity of plasma membrane transporters can be altered by changes in transport Kinetics,
expression levels and trafficking to and from the plasma membrane. Using radiolabeled
neurotransmitter uptake assays and surface biotinylation assays in Neuro2A cells we showed that
activation of protein kinase C (PKC) can increase cell surface localization of EAATS3, as
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previously reported in other cell lines. There is evidence that redox-triggered mechanisms can
influence signaling through PKC by altering the catalytic properties or the subcellular
compartmentalization of various PKC isoforms. This suggests a mechanism whereby EAAT3
trafficking could be modulated by cellular redox stress and PKC activation to increase cysteine
import and stimulate glutathione biosynthesis. To study this, we examined whether oxidizing
agents such as hydrogen peroxide can enhance PKC activation and increase EAAT3 plasma
membrane localization. Using a genetically encoded PKC activity sensor, CKAR, we found that
application of oxidizing agent, hydrogen peroxide increased PKC activation and enhanced
surface expression of EAAT3 in both EAAT3-transfected Neuro2A cells and in primary cultures
of mouse cortical neurons that express EAAT3 endogenously. Additional studies have addressed
another potential mechanism for redox regulation of neurotransmitter transporters—the direct
redox modification of cysteine residues. The dopamine transporter (DAT) contains highly
conserved internal lysine and cysteine residues that could trigger a redox-dependent
internalization mechanism where the electrophilic modification of a cytosolic cysteine facilitates
a conformation change and ubiquitylation of an adjacent lysine residue. We have examined this
possibility by assessing DAT trafficking with surface biotinylation, TIRF microscopy and
dopamine uptake assays. Taken together our observations suggest multiple mechanisms though
which changes in cellular redox states can regulate the activity of neurotransmitter transport
systems.
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Abstract: The metabotropic glutamate receptors represent a family of 8 receptors divided into 3
groups: Group | - mGlul and 5; Group Il -mGlu2 and 3; Group Il - mGlu4, 6, 7 and 8. These
receptors have been the focus of attention for their role in normal network function and as
possible treatments for neurological and psychiatric disease. Recently there has been interest in
the receptors forming functional heterodimers. Here we confirm mGlu2 and mGIlu7 receptors can
be functionally expressed in the Xenopus oocyte system and demonstrate a shift in



pharmacology and function when mGlu2 and 7 are coexpressed, consistent with formation of
heterodimers.

Expression of the mGlu receptors and the inward rectifier potassium (KiR3.1/3.2) reporter was
obtained by injection of 15 nL solution containing the desired mMRNA mix. Recordings were
conducted 2-5 days later using two electrode voltage clamp). To reveal the potassium inward
currents, cells were exposed to a high potassium solution (48 mM) and a holding voltage of -80
mV. The time course of the inward current was analyzed by curve fitting to quantify the rate of
activation, using GraphPad Prism, employing the Pharmechanics plug-in of custom time course
equations.

In oocytes expressing the mGlu7 receptor, application of increasing concentrations of either
glutamate, or the Group 111 selective agonist L-AP4, resulted in a concentration dependent
activation of the mGlu7 receptors with EC50 of 226 uM + 30 and 121 uM =+ 5, respectively. The
effect of glutamate was attenuated by the mGlu7 receptor antagonist XAP044. Application of the
Group |1 selective agonist LY354740 did not activate the mGlu7 receptor at concentrations of up
to 1 uM.

In oocytes expressing the mGlu2 receptor, application of glutamate or LY354740 resulted in
activation of the receptor with EC50s of 0.41 uM and 1.8 nM respectively. Although L-AP4 is
regarded as selective at Group 111 receptors it did activate the mGlu2 receptor, albeit at high
concentrations (EC50 317 uM =+ 6).

When mGlu 2 and 7 were coexpressed the potency of glutamate and LY 354740 were similar to
expression of mGlu2 alone; however, L-AP4 showed increased potency to an EC50 of 49 uM +
10, compared to 121 uM £ 5 on mGlu7 alone. In addition, kinetic analysis of the current
waveform indicated coexpression decreased the rate of activation by LY354740.

These studies confirm GPCR pharmacology and function can be assessed in Xenopus oocytes.
Coexpression of the mGlu2 and 7 receptors resulted in a pharmacology that differed from
expression of either receptor alone, suggesting an interaction consistent with formation of
heterodimers; thereby providing a useful tool to assess the functional consequences of
heterodimerisation.

Disclosures: K. Kambara: None. S.A. Neale: E. Ownership Interest (stock, stock options,
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Abstract: Through the study of recombinant synaptic proteins much has been discovered about
their structural, biophysical and pharmacological properties; however, there is less knowledge on
the properties of the native synaptic protein complexes. Because recombinant expression of
synaptic receptors is the interpretation of the cell wherein they are transcribed or translated, they
may differ from receptors in native membranes. In this study, we aimed to determine whether
microtransplantation of synaptic membranes (MSM) allows the study of native glutamate
metabotropic receptors (mGIuRs). We microinjected synaptic membranes isolated from frozen
rat cortex samples into Xenopus oocytes and recorded ion currents elicited by 1 mM glutamate
using Two Electrode Voltage Clamp. These trials resulted in a fast ionotropic response of 5.61 +
0.38 nA (n = 177 oocytes) followed by a delayed oscillatory metabotropic response of 48.59 +
6.79 nA (n = 177 oocytes). We confirmed the presence of Group 1 mGIluRs after observing
metabotropic oscillations during the administration of 100 uM of (+)-1-Aminocyclopentane-
trans-1,3-dicarboxylic acid (ACPD), a Group 1 specific mGIuR agonist, and the loss of
glutamate metabotropic currents by 10 uM NPS 2390, a Group 1 specific mGIuR antagonist.
Further investigation revealed that mGIluR1 antagonism (LY 456236) showed little effect on
metabotropic oscillations when compared to either prior or following application of glutamate or
ACPD. However, antagonism of mGIuR5 with 100 uM AZD 9272 showed a reduction of
metabotropic currents elicited by ACPD and glutamate. Finally, we confirmed expression of both
mGIuR1 and mGIuR5 in native synaptosomes by immunoblots, where we found protein
enhancement in the isolated synaptosomes when compared to rat cortex whole tissue lysate.
These results demonstrate the merit of native synaptosomes and their microtransplantation for
the study of mGluRS5’s contribution to metabotropic glutamate signaling, which has been linked
with several neurological disorders such as Alzheimer’s disease, schizophrenia, and addiction.
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Title: Regulate of local translation in response to stress stimuli in neurons

Authors: *D.-H. PARK®?2, Y. SUH"?2,
!Dept. of Biomed. Sci., 2Neurosci. Res. Inst., *Transplantation Res. Inst., Seoul Natl. Univ. Col.
of Med., Seoul, Korea, Republic of

Abstract: Local translation is the rapid protein production from pre-existing synaptic mMRNAs
independent of the cell body, providing a means to supply the synaptic proteome. Local
translation enables key features of neuronal process including development, synaptic plasticity,
and information processing. Many neuronal mRNAs are believed to be transported to synapses in
a translationally repressed state, however the molecular details regarding the specific stimuli or
stress conditions that organize local translation remain uncertain. Since ribonucleoprotein
particles (RNPs) such as stress granules and p-bodies, and their associated RNA-binding proteins
(RBPs) function to regulate local translation, we traced puromycin-labeled nascent peptides in
global or synaptosomal fractions following various neuronal stimuli and stress to explore the
signals governing local translation in rat primary cortical neurons. We found that under stress
conditions such as CCCP, an inhibitor of mitochondrial oxidative phosphorylation, and sodium
arsenite, global translation rate does not fully match the target gene-specific translation rates
regulated by RNPs. In addition, oxidative stress suppressed local translation via transitioning
RBPs to the detergent-insoluble fraction. These findings provide insight into the stress-
responsive role of RNPs in the regulation of neuronal local protein homeostasis.
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Title: Phasic acetylcholine release induces sharp wave ripples in the basolateral amygdala via
nicotinic receptors
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!Dept. of Psychiatry, Univ. of California, San Francisco, San Francisco, CA; ?Dept. of
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Abstract: Memory formation and recall requires the proper storage of a past experience in a
manner that is available for reactivation. In the hippocampus, these processes are closely
associated with network events termed sharp wave ripples (SWR), consisting of a large
amplitude, slow frequency (1-20 Hz) envelope (sharp wave, SW) with a brief high-frequency
oscillation (150-200 Hz ripple). While the exact circuit and synaptic mechanisms by which
SWRs are produced in circuits is not fully understood, SWRs in the hippocampus rely on
coordinated bursts of excitatory inputs, largely originating from CA3, and local inhibition from
specific classes of inhibitory interneurons (INs). SWRs are also modulated by neuromodulatory
inputs and acetylcholine (ACh) muscarinic receptors have been shown to reduce the frequency of
hippocampal SWRs. In the basolateral amygdala (BLA), SWRs have been observed both in vivo
and in brain slice preparations. While these network events in the BLA also rely on coordinated
burst activity of excitatory and inhibitory inputs, it is still not entirely clear how they are
produced or if they are similarly modulated by cholinergic inputs, which densely project to the
BLA. To explore the effects of endogenous ACh release on BLA SWRs, we performed LFP,
multi-unit, and cell-type specific whole-cell patch recordings in BLA brain slices in mice.
Surprisingly, in response to periodic single pulse optogenetic stimulation of cholinergic fibers in
the BLA, robust SWR activity was observed in LFP recordings. Application of ACh muscarinic
or nicotinic receptor antagonists, as well as AMPA and GABAA receptor antagonists, revealed
that SWR activity was mediated by nicotinic receptors and relied on both local BLA
glutamatergic and GABAergic signaling. At the level of single excitatory pyramidal neurons
(PNs), single pulse cholinergic stimulation induced a rapid onset (<10 ms) barrage of both
excitatory and inhibitory synaptic events that induced ripple-frequency oscillations of PN
membrane potential. These events were sensitive to a nicotinic receptor antagonist. Interestingly,
PNs in the BLA were not directly activated by nicotinic receptors, indicating that nicotinic-
induced excitation driving SWR activity at the single cell level was produced by glutamate
release from long-range axons innervating the BLA. Whole-cell recordings from parvalbumin
(PV), cholecystokinin (CCK), and somatostatin (SOM) INs revealed differential nicotinic
activation of these IN classes and distinct involvement in SWR network activity. Together, these
results indicate a novel mechanism by which phasic ACh signaling can induce SWRs in the
BLA.
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Abstract: Choline acetyltransferase (ChAT), the acetylcholine synthesizing enzyme, is a
fundamental component of cholinergic neurons whose level and activity is reduced in normal
and pathological aging. In humans, the M-transcript of ChAT can translate to both 69-kDa ChAT
and 82-kDa ChAT, the former found in the cytoplasm while the latter resides primarily within
the nucleus. Interestingly, this unique nuclear localization of 82-kDa ChAT is altered in aging,
mild cognitive impairment and Alzheimer’s disease, shifting to a more diffuse cytoplasmic
distribution. While the function of nuclear ChAT is unknown, a few studies indicate a role in
altering the expression of genes related to stress and inflammation, key features associated with
aging, suggesting a potential role for nuclear ChAT in neuronal vulnerability. In this regard, and
since 82-kDa ChAT is not expressed endogenously in mice, our laboratory has successfully
generated transgenic mice expressing human 82-kDa ChAT. As this is a new mouse model,
behavioral and biochemical characterization of 82-kDa ChAT expressing mice is necessary to
provide a baseline for future studies. The aim of this study is to characterize the 82-kDa ChAT
mouse to elucidate the physiological implications of expression of this nuclear protein. Using
gPCR, RNAscope and immunohistochemical analysis, we were able to demonstrate 82-kDa
ChAT mRNA and protein expression in basal forebrain neurons of our mouse model. Moreover,
there was a similar spatial/temporal distribution to studies performed using human necropsy
brain. Longitudinal behavioral characterization did not reveal significant differences between
control and the 82-kDa ChAT mice. Unexpectedly, there was a reduction in age-related
dystrophies in mircoglia and cholinergic nerve fibers in older 82-kDa ChAT mice compared to
age-matched controls. This was complimented by increased levels of M2 microglial markers
(Arginase, Cd206) and reduced levels of M1 markers (iNos, Cd86). Additionally, an Aging PCR
array revealed downregulation of genes involved in inflammation (C3 and C1q) and upregulation
of genes related to neuron-glia interaction (CxCI16) in 82-kDa ChAT mice. In conclusion, we
have generated a mouse model that expresses the human 82-kDa ChAT that recapitulates many
of the features observed in cholinergic neurons in human necropsy brain. Moving forward, these
mice will provide a valuable tool to study the impact of this nuclear ChAT isoform on disease
pathologies involving cholinergic neurons.
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Abstract: Excitatory amino acid transporters (EAATS) are key proteins that regulate glutamate
levels in the synaptic clef and are therefore crucial to prevent excitotoxicity. Aberrant
glutamatergic signaling occurs in many neurological disorders, such as stroke, epilepsy, and
addiction, and others. Consequently, positive allosteric modulation (PAM) of EAATS is an
attractive, novel therapeutic approach for these conditions. EAAT PAMs, previously identified in
our lab, are hypothesized to act by altering the interactions between the scaffold and the transport
domains, which move in an elevator-like motion. To test this hypothesis, we used computational
modeling, followed by site-directed mutagenesis and radioligand uptake assays. We identified
mutations in specific amino acid residues located between the transport and scaffold domains on
astrocytic transporters EAAT1 and EAAT?2 that result in increased activity without changes in
expression, suggesting that interactions between the domains are responsible for enhanced
transport efficiency. These gain-of-function mutated EAAT1 and EAAT2, and PAMs of these
transporters, are currently being studied in single molecule Forster Resonance Energy Transfer
(SmFRET) approaches to explore effects on the kinetics and dynamics of EAATSs. We also
evaluated other mutant EAATS in dose-response radioligand uptakes with EAAT PAMs to
identify critical amino acids that mediate the positive allosteric action of these compounds.
Additionally, we explored the potential clinical utility of our EAAT2-specific PAMs, which are
of clinical interest since EAAT?2 is responsible for most of the glutamate clearance in the CNS.
Previously, we demonstrated neuroprotective properties of EAAT2 PAMSs in an in vitro stroke
model. We have now expanded our studies to an in vitro epilepsy model, using live calcium
signaling measured in primary neuron-glia cultures. Additionally, we validated the action of
these EAAT2 PAMs by measuring the concentration of extracellular glutamate from these
cultures using HPLC. We also examined the effect of our lead EAAT2 PAM, NA-014 in in vivo
models of drugs of abuse, as glutamatergic projections have been shown to influence cue-
induced drug seeking behavior and relapse. Using the conditioned place preference (CPP) model,
we showed that NA-014 decreased cocaine-seeking behavior in both males and females, without
rewarding effects. Locomotion was not altered by NA-014 either, suggesting that this compound
is not sedative or stimulating. Collectively, these studies expand our understanding of the
mechanisms of these PAMs and broaden their potential therapeutic indications.
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Abstract: Short-term memory (STM) is the ability to maintain immediately valid information
for a short period of time. Although the underlying circuit mechanism of STM remains unknown,
it has been demonstrated that persistent neural activity in high-order cortical areas, including the
prefrontal cortex, is indispensable for the function. Previously, studies have shown that
reverberatory neural activity can be induced by the activation of muscarinic acetylcholine
receptor (mACh), coupled with depolarizing current influx in the medial prefrontal cortex
(mPFC) and suggested the phenomenon as a physiological substrate of the STM. The glutamate
hypothesis of schizophrenia (SZ) proposes that dysfunction of the N-methyl-D-Aspartate
receptor (NMDAR) and excessive glutamate may alter the balance between excitation and
inhibition, leading to cognitive impairment of SZ, including STM. The hypothesis is developed
based on human imaging and post-mortem study and corroborates well with animal models. In
the present study, we found that the chronic administration of ketamine, a partial NMDAR
antagonist, significantly impaired the performance of an STM-dependent behavioral task. In
corroboration, we found that the fraction of mPFC neurons that show mAChR-dependent
persistent activity was significantly reduced in the mouse. Furthermore, we found that the mPFC
neurons of the mouse have reduced connectivity and decreased synaptic transmission. we
assessed impaired short-term memory performances in SZ mouse model, using the delayed-
alternation task in Y maze. By using whole-cell patch-clamp, we found that the muscarinic
acetylcholine receptor-dependent persistent activity is reduced in the mPFC L2/3 neurons of the
SZ mouse model. We also found that the reduced synaptic transmission in mPFC L2/3 neurons
of SZ mice, implicating an altered neuronal connectivity in mPFC. Together, our results provide
evidences that reduced acetylcholine-evoked persistent activity in mPFC is caused by altered
synaptic connectivity, which may explain the mechanism of working memory impairment in SZ
patients.
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Abstract: The striatum is a brain region that is critical for the selection and reinforcement of
motor actions and the execution of decisions, and dopamine (DA) and acetylcholine (Ach) are
essential for these functions. In vitro studies have revealed a circuit local to the striatum in which
these two neurotransmitters regulate one another. Ach is released by a unique population of
cholinergic interneurons (CINs) and drives DA release. In turn, DA inhibits CIN activity via
dopamine D2 receptors (D2R). Whether and how this circuit contributes to striatal function in
vivo remains a longstanding question. In mice performing a reward-based decision-making task,
we monitored the release of DA and Ach in the ventrolateral striatum. We establish that DA and
Ach exhibit multiphasic and anticorrelated release that is modulated by choice history and
reward outcome. CIN perturbations reveal that DA release does not require Ach. However, CIN-
specific deletion of D2Rs show that DA inhibits Ach release in a D2R-dependent manner, and
loss of this regulation impairs task performance. To determine how other CIN inputs in addition
to DA may shape Ach release, we assessed the contribution of the cortex and thalamus and found
that glutamate release from both these sources are necessary to evoke Ach release. Altogether,
the interaction of DA, Ach and glutamate contribute to striatal function during decision making.
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Title: Cholinergic signaling in ventral hippocampus contributes to cue-conditioned fear learning
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Abstract: The cholinergic fibers of the medial septal/diagonal band of Broca (MS/DB) are
implicated in learning and memory by modulating properties of the hippocampal network. The
ventral hippocampal region (vHipp) might be involved in cue-conditioned fear memory.
However, the precise spatial and temporal profile of acetylcholine release in vHipp remains
unclear making it difficult to define specific roles for cholinergic signaling in vHipp mediated
cue-conditioned fear learning.Here, we have combined imaging of genetically encoded calcium
indicator (GCaMP, axonGCaMP) and acetylcholine (GRABAch) sensors, with transcriptional
activity markers to investigate whether and how cholinergic signaling in vHipp controls cue-
conditioned fear behaviors. We put mice through an auditory cue conditioned fear training and
recall paradigm and then imaged acute vHipp or MS/DB slices. In vHipp slices, we found: 1)
increased neuronal immediate early gene (IEG) expression after cue-induced recall; and 2) after
recall, neurons that had been activated during training had more active Ca?* dynamics (changes
in frequency and amplitude of GCaMP6f fluorescent signals) than neurons that had not been
activated during training. In acute slices from the MS/DB following the same cued fear training
and recall, we also found increased IEG expression in cholinergic neurons. With GCaMP
expressed specifically in cholinergic neurons in Chat-Cre mice, we observed transiently (up to 5
hours) increased Ca?* dynamics of MS/DB cholinergic neurons after training. The increase in
Ca?* dynamics was no longer present 24 hours after training. We next used a tTA-dependent
activity labeling system (Robust Activity Marker, or RAM) to label neurons activated during the
training session. 24 hours after training, when Ca?* dynamics were compared in RAM*
cholinergic neurons (i.e. cholinergic neurons activated during training) in mice left in home cage
to mice subjected to tone recall, Ca?* dynamics were significantly enhanced following tone
presentation. Ongoing studies are focused on imaging the activity of cholinergic axons within the
vHipp using axonal GCaMP and GRABAach sensors after fear training / recall. Taken together,
these data are consistent with an important role for septal-ventral hippocampal cholinergic
signaling participating in both the acquisition and retrieval processes in this auditory cued fear
conditioning paradigm.
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Title: Appetitive and aversive stimuli activate two distinct populations of ventral pallidal
cholinergic neurons
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Abstract: The ventral pallidum (\VVP) is a brain region involved in encoding hedonic value of
external stimuli and mediating motivated behaviors There are multiple subtypes of neurons in the
VP, including a population of cholinergic neurons. However, the functional role of VP
cholinergic neurons remains unclear. A previous study found exposure to innately threatening
stimuli elicits defensive behaviors and increases the number of activated cholinergic neurons in
the VP/SI (Rajebhosale et al, 2021). Whether this increase is specific to aversive stimuli, or if the
same cholinergic neurons are also activated in response to appetitive stimuli remains unknown.
Accordingly, the behavioral responses of mice to an appetitive (2-phenylethanol) or aversive
(predator urine) odor was assessed in a Y-maze. The subpopulation of VP cholinergic neurons
activated in response to each odor was then examined. Both odors elicited the predicted innate
behavioral responses (approach vs avoidance) and activated a subset of VVP cholinergic neurons.
To address whether distinct or overlapping populations of VP cholinergic neurons were engaged
by aversive vs appetitive odors, a combination of genetically modified mice (Chat-cre x fos
tTa/eGFP) and a viral vector that tags activity- and cre-dependent neurons (ADCD) was used.
ADCD positive neurons are cholinergic neurons that are activated and permanently labeled with
mCherry using a Tet-Off system (in the absence of a doxycycline (DOX) diet) to isolate specific
time windows. In addition, cFos IHC reveals the total population of activated neurons in distinct
contexts. Utilizing ADCD, we found that there are two distinct subpopulations of VVP cholinergic
neurons: one activated in response to appetitive odor and a second, non-overlapping population
activated upon exposure to an aversive odor. In sum, the present studies reveal that the VP
contains two distinct and non-overlapping subpopulations of cholinergic neurons, which are
uniquely engaged by either appetitive or aversive stimuli. In ongoing studies, we are exploring
how these subpopulations of VP cholinergic neurons differ and are directly assessing their
contribution to innate behaviors with in vivo activity measures.
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Abstract: Alterations to basal forebrain cholinergic circuits are a hallmark of cognitive
impairment, however the time-course and relevance of these changes are not well understood.
Close examination of these changes reveals that not all cholinergic projections are created equal.
Specifically, some cholinergic projections are affected far sooner and to a much greater degree
than others. Here we sought to investigate what confers resilience or vulnerability of cholinergic
circuits with age. To assess vulnerability of cholinergic neurons and projections in aging we
focused on two cholinergic terminal fields that are vulnerable with age: the entorhinal cortex
(EC) and the basolateral amygdala (BLA). These regions receive cholinergic input from distinct
cholinergic nuclei and have different timescales of deterioration with age. We used two
behavioral assays that uniquely engage each circuit as a readout of function: displaced object
recognition (DOR task, EC-function) and cued fear conditioning (cFC task, BLA-function). We
asked whether functionally engaged cholinergic neurons were affected in aged animals. We
found that young animals consistently spend more time exploring the displaced object during the
DOR task, however this was no longer seen with age. We found that DOR performance in young
animals activated cholinergic neurons of the medial septum/diagonal band, while the number of
activated cholinergic neurons was lower with age and lower in animals with poor performance.
Using a cFC task, we previously found that normal performance (i.e., elevated freezing in
response to the tone) requires activation of cholinergic neurons within the nucleus
basalis/substantia innominata (NBM/SI) and proper cholinergic signaling in the BLA. With age,
we find less freezing behavior across the recall session coupled with fewer activated cholinergic
neurons within the NBM/SI. Using the RNAscope assay, we identified subsets of cholinergic
neurons across the basal forebrain that express mRNA for glutamatergic or GABAergic markers.
Ongoing studies investigate whether these activated cholinergic neurons preferentially subscribe
to a cell-identity and whether the proportion of these co-expressing subtypes changes with age.
These studies provide valuable insight into the involvement of cholinergic neurons in cognitive
behaviors and the consequence of age on cholinergic circuits. Importantly, they underscore a
growing body of literature that shows incredible diversity and functional organization within the
cholinergic system. This diversity may be key in understanding which factors lead to
vulnerability of cholinergic circuits with age.
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Title: Characterizing the expression and localization of MDGAL at hippocampal synapses
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Abstract: MAM domain-containing glycosylphosphatidylinositol anchor 1 (MDGAL1) is an
entirely extracellular putative synaptic adhesion molecule, attached to the plasma membrane
through a GPI anchor. In humans, the gene encoding MDGAL1 is associated with schizophrenia.
In mice, while the MDGAL KO is viable, lacking gross anatomical defects, it shows impaired
excitation/inhibition balance, as well as defects in long-term potentiation and cognitive function.
Based on overexpression studies, MDGA1 has been proposed to act as one of the few known
synaptic repressors. It is believed to bind preferably to NLGNZ2 to block interaction with
presynaptic neurexins, repressing inhibitory synapse formation. However, proteomic data
suggests that MDGAU1 localizes to excitatory, not inhibitory synapses. Given these apparently
contradictory findings, a reliable analysis of MDGAL expression is essential to gain
understanding about its physiological role, but analyses of the localization of MDGAL at the
protein level have been hampered by the lack of a suitable antibody against MDGAL. Thus, for
our current investigation of the specific expression pattern and localization of MDGAL we
generated a knock-in mouse line expressing HA-tagged MDGAL. Utilizing this model, we
initially performed Western blot semi-quantification to compare the age-specific expression of
MDGAL in the mouse brain at six ages from postnatal day 3 (P3) to P130 (n = 3-4 mice of either
sex/age). MDGAL was found to follow a developmentally regulated expression pattern, peaking
between the second and third postnatal week. Then, we examined the expression of MDGA1
across different brain regions taken at P15 through Western blot analysis (n = 3 mice of either
sex/region). Our data indicated high expression of MDGAL1 in the striatum, thalamus, cortex,
hippocampus, pons and cerebellum, largely consistent with previous ISH data. Lastly, we
completed a series of qualitative immunofluorescence imaging to elucidate the localization of
MDGAL1 within the hippocampus at P15. In accordance with previous proteomics data,
immunofluorescence analyses showed a high degree of co-distribution of MDGAL with the
excitatory synaptic proteins VGIuT1 and Homerl compared to their inhibitory counterparts,
VGAT and NLGN2, within area CA1. Future steps will include the analysis of the subcellular
localization of MDGAL1 in the hippocampus and other brain regions, and an assessment of
MDGA1’s synaptic function, including the exploration of potential sex differences. Overall, our
data expands our understanding of the expression and function of MDGAL, shedding light on a
relatively unexplored protein relevant to some psychiatric disorders.
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Abstract: Neurons are polarized cells, which build functional networks of communication,
through synapses. These are specialized junctions between neurons and their formation is
mediated by cell adhesion proteins. Among those, Neurexins are widely recognized as key
proteins for synapse organization and loss-off-function mutations are associated with
neurodevelopmental disorders as autism or schizophrenia. Three coding genes and extensive
alternative splicing generate Neurexin proteins with various binding motifs, a flexibility which
may determine synapse specification. A comprehensive understanding of the underlying
molecular mechanisms is however largely missing. Our aim is to unravel the molecular
composition of Neurexin networks in the brain by using unbiased quantitative proteomic
approaches. Here we show results from targeted proteomics, combining affinity isolation of
endogenous Neurexin complexes from mouse brain with high-resolution quantitative mass
spectrometry. The identified interactome of Neurexin 1-3 contains members of different classes
of secreted, adhesion or integral membrane proteins. This includes known binding partners (such
as Cerebellin, Neuroligin and LRRTM proteins), but also quite a number of proteins that lack
any annotation of primary function(s) and relation to synaptic physiology. We present in detail
the common protein building blocks of Neurexins at the pre-synapse, the repertoire of ligands
and trans-synaptic bridges and the differences among the isoforms. Furthermore, the impact of
heparan sulfate modifications on the interactome will be presented. Together, we provide
insights into the complex molecular environment of Neurexins in the brain and therefore open a
possibility for future targeted analysis of molecular mechanisms involved in synapse formation,
maintenance and function.
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Abstract: Even the simplest animal behavior hinges on the efficient yet imperfect transmission
of the chemical synapse. While much is known of the chemical synapse’s molecular
composition, understanding the organization of these molecules may be key to understanding
how the chemical synapse strikes a balance between efficiency and stochasticity. Recently,
advanced light and cryoelectron microscopy revealed the alignment of elements across the
synaptic cleft. The collection of aligned elements is called a transsynaptic assembly. Here,
transsynaptic assemblies are visualized by tomographic electron microscopy of dissociated rat
hippocampal neuronal cultures prepared by high-pressure freezing and freeze-substitution. In our
renderings, nearly all cleft spanning structures connect to intracellular material to form
transsynaptic assemblies. These transsynaptic assemblies can even form a complex connection
between synaptic vesicles in the presynaptic compartment with postsynaptic density scaffolding.
Moreover, assemblies can possess multiple intracellular components of varying morphologies
and share them with other assemblies. This leads to complex entangled associations across the
synapse. Thus, many presynaptic and postsynaptic structures are linked in association domains,
which we think constitute the recently discovered nanocolumns. As such, we conclude that the
structural basis for nanocolumns is the complex connectivity of transsynaptic assemblies. While
our renderings show transsynaptic assemblies directly linking synaptic vesicles with bulky
structures resembling glutamate receptors, we suggest instead that the link between domains is
more functionally significant when considering the efficiency and stochasticity of the chemical
synapse.
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Abstract: Synaptic adhesion molecules are a diverse class of proteins that participate in synaptic
formation, maintenance, and function which are critical for efficient synaptic transmission and
plasticity. Recent evidence suggests that synaptic adhesion molecules allow for effective
synaptic transmission via clustering and alignment of presynaptic active zones, where
neurotransmitter is released, and postsynaptic receptors. Neurexins (Nrxns) are a class of
essential, disease relevant presynaptic adhesion molecules which have been proposed to
modulate synaptic nano-organization due to their known roles in regulating pre and postsynaptic
structure via intracellular and transsynaptic signaling respectively. Nrxns are encoded by three
evolutionarily conserved Nrxn genes (Nrxnl, 2, and 3) which were initially proposed to be
redundant at all synapses; however, it is becoming increasingly apparent that individual Nrxns
govern distinct aspects of synapse function. For example, Nrxn3 has been shown to control
AMPA receptor strength but how Nrxn3 dependent nano-organization may contribute to this
effect remain unknown. Here, | am investigating the role of Nrxn3 in synapse nano-organization
using our Nrxn3 conditional knockout mouse and double helix 3D STORM to examine the
clustering and alignment of proteins critical for synaptic transmission and have shown that
Nrxn3 is required for the organization and alignment of excitatory synapses. These data
represent, to the best of our knowledge, the first evidence that neurexins, and more widely
presynaptic adhesion molecules, are required for the nano-organization of excitatory synapses
and provides further insight into the mechanism by which Nrxn3 controls AMPA receptor
strength. Future studies utilizing our novel epitope tagged Nrxn3 mouse will focus on defining
the nanoscale endogenous localization of Nrxn3 at excitatory synapses and to study the relative
distribution of multiple Nrxns in the same synapse.
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Abstract: AMPA receptors (AMPARs) mediate fast excitatory synaptic transmission. Several
synaptic plasticity mechanisms thought to be critical for learning and memory processes
converge in the regulation of synaptic AMPAR abundance. Intracellular mechanisms have been
shown to play a role orchestrating AMPAR trafficking. In addition, recent studies suggest that



subsynaptic localization of AMPAR is also crucial for their activation. Nanocolumns have been
identified connecting postsynaptic AMPAR-rich clusters with presynaptic active zones, enriched
in glutamate release machinery, across the synaptic cleft. Thus, the dynamic modulation of
transsynaptic AMPAR alignment may influence synaptic plasticity, but the molecular
mechanisms underlying transsynaptic AMPAR anchoring have yet to be identified. We and other
laboratories recently discovered that the AMPAR amino terminal domain (ATD), which
accounts for almost half of the protein size and protrudes substantially into the synaptic cleft, is
essential for AMPAR synaptic trafficking and LTP. It is conceivable that the AMPAR ATD
contributes to AMPAR transsynaptic positioning via interactions with extracellular proteins,
constituting an “extracellular AMPAR slot.” The present study aims at probing this hypothesis.
In order to identify novel AMPAR ATD-interacting proteins, we initially conducted proteomic
analyses. Preliminary AMPAR ATD interactors include the astrocyte-secreted glycoprotein
thrombospondin-1 (TSP1) and its receptor, the voltage-gated calcium channel subunit a241.
Combining whole-cell patch-clamp electrophysiology using hippocampal acute slices from 3-6
week old mice of either sex with pharmacological and genetic approaches, we aim to explore this
putative tripartite protein interaction and its potential contribution to AMPAR trafficking,
subsynaptic localization, and function. Our co-immunoprecipitation studies in a heterologous
system confirmed that TSP1 can directly interact with 0261 and suggest that it can also bind to
GIuAl. However, our preliminary observations indicate that TSP1 KO CAL pyramidal neurons
have unaltered basal synaptic transmission (n = 8-15, p = 0.795), and pairing induced LTP at
CA3-CA1 synapses is comparable to WT counterparts (n = 9-17, p = 0.973). Ongoing
experiments will determine whether specific presynaptic deletion of 0231 affects basal AMPAR
synaptic transmission and plasticity. Future research will test other putative AMPAR ATD
interactors. Our results suggest that extracellular signaling mechanisms involving the AMPAR
ATD may play a modulatory role in AMPAR synaptic localization and function.
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Abstract: Neurexins are essential but poorly understood presynaptic cell-adhesion molecules
commonly thought to organize synaptic structure and transmission. Nrxns are encoded from
three evolutionarily conserved genes (Nrxnl1-3), each of which producing long alpha (a-Nrxn)
and short beta (B-Nrxn) isoform. Although B-Nrxns have received a disproportionate amount of
attention, a-Nrxns are more abundantly expressed than B-Nrxns in almost all neurons studied and
more commonly associated with neuropsychiatric and neurodevelopmental disorders. Moreover,
the elaborate extracellular sequences specific to a-Nrxns contain interaction domains for cognate
post-synaptic ligands, potentially encoding for distinct and nonoverlapping functional synaptic
properties. However, due to the complexity of a-Nrxn extracellular structure, a functional
understanding of sequences essential for synapse function has remained largely enigmatic. As a
first step toward understanding extracellular sequences of a-Nrxns, we have utilized a Nrxn3a
mutation (A687T) identified in a patient with epilepsy and profound intellectual disability to
investigate changes in synaptic properties. This mutation in the extracellular region of Nrxn3a
modulates binding with LRRTM2 and produces a robust gain-of-function phenotype at
excitatory synapses. To determine the properties of this amino acid residue that affects synapse
integrity, | developed pseudo-mimetic Nrxn3a mutations (A687V, A687S). Utilizing a
multidisciplinary approach, I expressed the Nrxn3a mutants in heterologous cells to investigate
hemi-synapse formation and cellular aggregation. I also systematically interrogated these
mutations in neuronal cultures using a knockdown-replacement approach, and employed
immunocytochemistry and electrophysiology. I discovered that residue A687 plays an important
role in modulating Nrxn3a interactions with post-synaptic ligands leading to distinct
modifications in synapse organization and function. These findings further highlight the
importance of studying a-Nrxn sequences. Revealing novel and non-redundant functionality of
Nrxn3a in the synapse potentially illustrates the importance of how mutations in a-Nrxn specific
sequences impact synaptic function and mental health.
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Abstract: Postganglionic stellate ganglia (SG) neurons receive cholinergic inputs from the
spinal cord (T2 inputs) and send noradrenergic projections to the heart via the inferior cardiac
nerve (iCN). Several lines of evidence suggest that cholinergic collateral projections may be
present within sympathetic ganglia. We tested the hypothesis that cholinergic collateral
projections occur between sympathetic neurons of the intact SG. ChAT TH+CreERT2ox myjce were
treated with tamoxifen to induce the deletion of choline acetyltransferase (ChAT) in tyrosine
hydroxylase (TH) positive cells (ChRAT™* KO). This should prevent cholinergic collateral
transmission while leaving preganglionic inputs intact. Whole-cell patch clamp recordings were
made of intact SG neurons from male and female ChAT™* KO mice (N=7 males and 9 females)
or littermate controls without tamoxifen (N=14 males and 9 females). Collateral synapses were
assessed by stimulating the preganglionic nerve trunk, T2, to evoke excitatory postsynaptic
currents (eEPSCs; orthograde), or by stimulating the postganglionic nerve trunk (iCN) to evoke
retrograde EPSCs and action currents (rACs). We measured the amplitude, jitter (i.e. SD of
latency), and success rate of the orthograde and retrograde EPSCs and tested the effects of the
nicotinic acetylcholine receptor antagonist, hexamethonium (300uM; Hex). Retrograde EPSCs
were completely blocked by Hex in 7/7 control neurons and were detected in the majority of
neurons from control mice, but not in ChAT™* KO mice (17/20 cells vs. 0/16 cells, P<0.05 from
¥ test). Spontaneous EPSCs were completely blocked by Hex in 5/5 control neurons and the
frequency of SEPSCs was significantly reduced in ChAT KO mice (0.31£0.339 events/s vs.
0.057+0.061 events/s, P<0.05 from Student’s unpaired t-test, N=20-28 cells). The jitter of
orthograde eEPSCs was significantly reduced in ChAT KO mice (285.7+167.12us vs.
75.2+£54.5us, P<0.05 from Student’s unpaired t-test, N=9-11 cells). The presence of retrograde
eEPSCs and high jitter orthograde eEPSCs are consistent with added synaptic connections to the
conventional monosynaptic sympathetic transmission in the SG. The selective loss of retrograde
eEPSCs after deletion of ChAT from TH™ cells suggest that these collaterals are cholinergic.
These data also suggest that cholinergic collaterals contribute to increased SEPSC frequency and
network activity in the SG. Understanding SG neurocircuitry is critical in deciphering changes in
sympathetic activity in many pathophysiological conditions such as myocardial infarction and
heart failure and may identify novel therapeutic targets for the treatment of autonomic
imbalance.
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Title: The molecular components of an Electrical Synapse
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Abstract: Chemically-mediated synapses can be identified by the presence of various pre-and
postsynaptic structural components. On the other hand, electrical synapses are identified and
defined by the presence of a neuronal gap junction. While gap junctions serve as the
communicating mechanism, it is unclear if electrical transmission relies on additional synaptic
structures. We investigated this at identifiable single auditory synaptic contacts on the teleost
Mauthner cells, at which neuronal gap junctions coexist with structural specializations for
neurotransmitter release. Using expansion microscopy we were able to increase 5X the
resolution and resolve with higher accuracy spatial distribution of the synaptic components. We
identified at each terminal multiple gap junctions of variable size by the presence of their
molecular component, including Zonula occludens-1 (Z01), a scaffolding protein that forms part
of the gap junctions plagques. Expansion microscopy confirmed the postsynaptic location of ZO1,
making it possible to detect the lack of colocalization between the fluorescence for the
presynaptic gap junction hemichannel and ZO1. Strikingly, while chemical synapses occupy a
small area in the periphery of the contact, most of the surface is occupied by interleaving gap
junctions the adherens junction proteins N-Cadherin and beta-catenin, suggesting a functional
relationship between these structures. In summary, the observations indicate that an electrical
synapse can operate using multiple gap junctions. Moreover, gap junctions might require the
functional contribution of additional structural components such as adherens junctions. The
association between gap junctions and adherens junctions could thus help identifying the
boundaries of an electrical synapse.
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Abstract: Information processing in the brain relies on the dynamic and precise organization of
molecular ensembles at the excitatory synapse. Proteins subserving the mechanism of synaptic



transmission are heterogeneously organized on the nanometer scale. Presynaptic proteins such as
Munc13 are found in ~80 nm diameter subsynaptic regions of high local density. These
presynaptic nanoclusters (NCs) are aligned across the synapse with NCs of proteins such as
PSD-95 and ionotropic glutamate receptors (iGIuRs), forming a trans-synaptic nanocolumn. Our
lab established that this nanocolumn is the preferential site of action potential evoked release and
that dispersal of AMPARs from the nanocolumn to the remainder of the synapse specifically
reduces the strength of the response to evoked release. This highlights how the nanocolumn is
critical for synaptic transmission and underscores the importance of knowing what generates and
regulates this alignment. We reasoned that a mechanism underlying trans-synaptic alignment
would involve a protein that could act as either a structural or functional marker of successful
transmission. Intriguingly, the iGIuRs themselves embody both aspects. First, either AMPARS or
NMDARs could trigger downstream mechanisms that sample receptor activation and direct
receptor positioning. Second, often underappreciated, both AMPARs and NMDARs have an
extended extracellular structure with distal N-terminal domains that could nucleate direct or
indirect interaction with presynaptic proteins. iGIuRs could also organize scaffold NCs through
multivalent interactions, either through NMDAR c-tail or AMPAR TARP binding. Previous
studies show that receptor structure, particularly that of the AMPAR subunit GIuA2 and its N-
terminal domain, influences synaptogenesis and presynaptic maturation. Thus, we hypothesized
that the iGIuRs align the trans-synaptic nanocolumn. To test this, we generated both GIuA2 and
GIuN1 CRISPR knockouts in dissociated rat primary hippocampal neuronal culture. Here we
report the effects that loss of iGIuRs have on nanostructure of scaffold proteins within the
synapse. On-going experiments seek to elucidate the structural or functional influence of iGIuRs.
The organization of iGIuRs at the synapse is typically thought to be downstream of pre-existing
scaffold structure. This study instead tests an unorthodox view of AMPA and NMDA receptors:
that they actively shape the structure of synapses and thus may dictate their own activation.
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Abstract: The strength of excitatory synaptic transmission relies on the precise, nanometer-scale
organization of synaptic proteins. Within single synapses, presynaptic release proteins and
postsynaptic receptors and scaffolds concentrate in ~80 nm sub-regions of higher protein density,
termed nanoclusters (NCs). Pre and postsynaptic NC alignment across the synaptic cleft results
in stronger action potential-mediated excitatory postsynaptic currents, demonstrating a role for
nanostructure in regulating synaptic strength. One context in which this may be particularly
important is dictating excitatory drive onto diverse cell types in a circuit. For example, in the
hippocampus, excitatory synapses are made onto both dendritic spines of excitatory principal
neurons as well as dendrites of parvalbumin (PV)-expressing fast-spiking interneurons. These
cellular and circuit contexts require different excitatory drive - compared to principal neurons,
excitatory drive onto PV neurons must be stronger to overcome the electrotonic limitations of a
non-compartmentalized synapse and sustain fast spiking, enabling PV neurons to deliver rapid
and precise inhibition. Despite these different requirements, excitatory synapses onto both cell
types consist largely of the same widely conserved group of proteins. Therefore, we reasoned
synapses on these two cell types might differentially utilize nanoscale organization to tune the
strength of excitation. We used immunocytochemistry and a combination of confocal and super-
resolution microscopy to compare organization of common scaffold proteins at these synapses.
We find that PV neurons have larger presynaptic Muncl13 and postsynaptic PSD-95 puncta,
consistent with stronger synapses. However, while the larger Munc13 puncta contained more
Munc13 per area, PSD-95 did not, suggesting a possible nanostructural difference at these two
cell types. Indeed, Munc13 and PSD-95 at PV cells were organized into more NCs (Munc13:
1.85x, PSD-95: 1.35x) that were larger (Munc13: 1.7x, PSD-95: 1.3x) than their excitatory cell
counterparts. Analysis and modeling of protein localization autocorrelation, which measures
nanoscale heterogeneity of protein distribution, indicates both Munc13 and PSD-95 are more
concentrated into nanoclusters at PV cells. These results suggest that while excitatory synapses
onto PV neurons are both larger and have more protein, the nanostructure is also optimized in
such a way that predicts larger responses to action potential-evoked release. More broadly, we
conclude that specialized aspects of nanostructural organization may contribute to functional
diversity of excitatory synapses.
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Abstract: Synaptic connectivity during development is highly specific and stereotyped, but
much is still unknown about why these processes occasionally fail. In Drosophila, emerging
evidence suggests that motor neurons achieve target recognition through a network of interacting
cell surface proteins (CSPs), the defective proboscis extension response proteins (Dprs) and their
partners, Dpr-interacting proteins (DIPs). Here, we aimed to elucidate mechanisms regulating
Dpr/DIP-mediated target specificity during development of neuromuscular innervation. The X-
linked gene DIP-« in neurons and its binding partner Dpr10 in muscles have been shown
previously to be required for RP2 motor neurons to innervate body wall muscle 4 (m4). To
identify genes that regulate DIP-« and RP2 innervation, we performed a dominant modifier
screen using the Bloomington Deficiency Kit. Flies that were either mutant for DIP-a or both
DIP-a and Dpr10 were crossed with a series of genomic deficiency lines, and innervation of m4
by RP2 neurons was assayed by immunostaining. Several deficiency lines modified the mutant
phenotypes, some that further worsened and others that enhanced connectivity. One particular
deficiency (DF7634) improved connectivity deficits seen in hemizygous DIP-a mutant males as
well as in DIP-a/dpr10 double-heterozygous female mutants. As there are about 20 identified
genes within this deficiency region, a future aim is to identify the individual gene(s) within this
region responsible for these changes. Overall, our findings suggest that proteins expressed from
genes present within the DF7634 genomic region may be part of the Dpr/DIP signaling pathway
that regulates neuromuscular junction wiring patterns. These data shed new light on processes
that shape synaptic connectivity during development.
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Title: Distinct mechanisms determine the differential activation of TTYH-mediated volume-
sensitive organic osmolyte/anion channel (VSOAC) and LRRC8A-mediated volume regulated
anion channel (VRAC)
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Abstract: In the brain, a reduction in extracellular osmolality causes changes in intracellular
ionic strength (u) and swelling during water influx which subsequently triggers C1™- and
osmolyte-efflux via volume-regulated anion channel (VRAC) and/or volume sensitive organic
osmolyte/anion channel (VSOAC). LRRCS8 family, an essential component of the VRAC
channel, was firstly identified as pore-forming subunits of low intracellular ionic strength-
dependent VRAC (VRAC,) in response to either hypo-osmotic challenges or low ionic strength
internal solution rather than cell swelling itself. In a recent study, we also demonstrated that
(Ttyh) family encodes the pore-forming subunits of swelling-dependent anion channel in
astrocytes with hypo-osmotic solution. However, the experimental conditions for treatment of
hypo-osmotic-solution cannot distinguish between low cytoplasmic ionic strength (u)-dependent
activation of LRRC8 family and swelling-dependent activation of TTYH family. To discriminate
between these two different channels, we recorded the stretch-activated CI- conductance in
astrocytes by clamping positive-pressure and identified that Ttyh family encodes the pore-
forming subunits of VSOAC activated by not only hypo-osmotic solution, but also positive-
pressure induced membrane stretch without any osmotic perturbation. The stretch-activated CI
conductance in astrocytes was completely impaired by simultaneous gene-silencing of all
homologs of Ttyh, but not by gene-silencing of Lrrc8a. Interestingly, we performed co-
immunoprecipitation and Duo-link assay and found that TTYH1 and AQP4 or LRRC8A
physically interact with each other, indicating that two kinds of volume channels, TTYH family-
mediated VSOAC and LRRC8 family-mediated VRAC,,, could cooperate as volume channel
complexes in astrocytes under hypo-osmotic conditions. Our results demonstrate that Ttyh
family confers a bona fide stretch-activated VSOAC in the brain.
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Title: The ion channel calhm2 as a translocator of the alpha subunit of mitochondrial
trifunctional protein
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Abstract: Mitochondria play a pivotal role in cell survival and cellular metabolic function.
Alterations in mitochondrial metabolic function or structure can cause neurological disease. One
of the many metabolic reactions inside the mitochondrial matrix is fatty acid beta oxidation,
which generates acetyl-CoA leading to ATP synthesis in later metabolic steps. A protein called
mitochondrial trifunctional protein (mTFP) localizes to the matrix and catalyzes the last 3 steps
of fatty acid beta oxidation. mTFP is an octamer with 4 units of ECHA (alpha subunit of mTFP)
and 4 subunits of ECHB (beta subunit of mTFP). How these enzyme subunits translocate from
the cytosol to the matrix where they carry out their function is not known. CALHMZ2 has recently
been identified as a calcium-inhibited ion channel. Mutations in the gene that encodes CALHM2
have been associated with heart and neuropsychiatric disease. Our group had found previously
that CALHM2 is localized to mitochondria and that knockdown of CALHMZ2 in cells causes
severe changes in mitochondrial morphology and function including abnormal cristae, calcium
imbalance, and respiratory dysfunction. Immunoprecipitation of CALHM2 demonstrated that it
is bound to ECHA and ECHB, but in cells depleted of CALHMZ2, ECHA is prevented from
reaching the mitochondrial matrix as assayed by immunofluorescence and immunoblotting.
ECHB matrix amount remains normal in CALHM2 knockdown cells. Based on the large pore
diameter of CALHM2, it is possible that this channel acts as a protein translocator for ECHA.
Single channel patch clamp recordings of the purified CALHM?2 protein reconstituted into
liposomes revealed that channel activity was inhibited by calcium as has been reported
previously for whole cell recordings. We found that the channel opens when peptides of ECHB
are added to the solution. Addition of ECHA peptides produces rapid gating (opening and
closing) of the channel, followed by complete channel activity inhibition, suggesting ECHA’s
transit into and through the pore. Thus, we hypothesize that ECHB acts as an activator of the
CALHM2 channel, which then subsequently translocates ECHA.
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Title: Henl channelopathy in the mouse model of social avoidance
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Abstract: The CAL pyramidal neurons have a non-uniform distribution of voltage-gated ion
channels. They control how incoming information is processed and how synaptic plasticity is
induced. Hyperpolarization-activated cyclic nucleotide gated nonselective cation 1 (HCN1)
channels are highly expressed in the hippocampus. A gradient of increasing HCN1 channel
density along the somatodendritic region of CA1 is an essential feature. An increasing amount of
evidence suggests that HCN1 channel mislocalization in CA1 neurons is linked to the abnormal
cellular and behavioral properties. While chronic stress increases hyperpolarization-activated
current (In) in dorsal hippocampal CA1 neurons, the underlying molecular mechanisms are
entirely unknown. Following chronic social defeat stress (CSDS), susceptible mice displayed
social avoidance and impaired spatial working memory, which were linked to decreased
neuronal excitability, increased perisomatic HCN1 protein expression, and elevated I, in dorsal
but not ventral CA1 neurons. In control mice, bath application of corticosterone (CORT) reduced
neuronal excitability, increased tetratricopeptide repeat-containing Rab8b-interacting protein and
HCNL1 protein expression, and elevated I, in dorsal but not ventral CA1 region/neurons. CORT-
induced upregulation of functional In was mediated by the glucocorticoid receptor, HCN
channels, and the protein kinase A but not the calcium/calmodulin-dependent protein kinase 11
pathway. Three months after the end of CSDS, susceptible mice displayed persistent social
avoidance when exposed to a novel aggressor (i.e., a trigger). The sustained behavioral deficit
was associated with lower neuronal excitability and higher functional I in dorsal CA1 neurons,
both of which were unaffected by CORT treatment. Our findings show that CORT treatment
mimics the pathophysiological effects of dorsal CA1 neurons/region found in susceptible mice.
The aberrant expression of HCN1 protein along the somatodendritic axis of the dorsal
hippocampal CA1 region might be the molecular mechanism driving susceptibility to social
avoidance.
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Abstract: Glycine receptor alphal subunits (GlyRals) are implicated in regulating motor
activity in both animals and humans. However, the cell-type specific mechanisms underlying
GlyRal regulation of motor function have not been well defined. The current study explores the
in vivo consequences of GlyRal deficiency in glycine transporter type 2 (GlyT2) positive cells.
We generated a GlyT2 GlyRal deficient mouse line by crossing GlyT2-Cre mice with GlyRal-
flox mice. In line with previous studies, GlyT2 and GlyRal signals were primarily colocalized in
the intermediate gray matter of mouse spinal cord, as revealed by RNAscope analysis. However,
such colocalization nearly disappeared in spinal slices from homozygous GlyT2 specific GlyRal
deficient mice. Western blot assay revealed a significant reduction in the expression levels of
spinal GlyRal protein from homozygous mutant mice. In contrast, depletion of GlyRal from
GlyT2 cells did not significantly affect the colocalization of spinal GlyRal with vGIuT2, a
biomarker specific for glutamatergic neurons. Both male and female homozygous mutant mice
displayed hind limb paralysis from 14 days after birth. As a result, these mice showed near
complete disruption of locomotor activity and motor coordination. On the other hand, male and
female heterozygous mutant mice did not show impaired locomotor activity, whereas these
mutant mice performed worse on the rotarod than their wild type littermates. No group, including
the homozygous mutant mice, showed differences on the tail-flick test, suggesting that GlyRa1
in GlyT2 cells is not involved in spinal nociception. These data demonstrate that GlyRal
subunits expressed in GlyT2 positive cells of the spinal cord are essential for motor function.
Heterozygous GlyT2-GlyRal deficient mice, with selective reduction in coordination and
balance skills, may provide a particularly valuable animal model to study the in vivo
consequences of GlyRal subunits specifically expressed in GlyT2 cells.
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Title: C-terminal post-translational modification of ion channels by the small ubiquitin like
modifier (SUMO) promotes rablla mediated slow recycling of endocytosed channels
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Abstract: HCN2 channels mediate the hyperpolarization activated current, I1h. Their
SUMOylation at K669 increases HCN2 surface expression and Ih. The molecular mechanism by
which HCN2 SUMOQylation enhances channel surface expression is unknown. Surface
expression can be increased by promoting trafficking from the trans-Golgi to the plasma
membrane, by reducing channel endocytosis and/or by increasing recycling of the endocytosed
channel. The effect of SUMOylation was investigated by stably expressing HCN2 in Human
Embryonic Kidney (HEK) 293 cells. SUMOylation was or was not experimentally increased
either by overexpressing the SUMO?2 peptide and the SUMO-conjugating enzyme, ubc9, or by
including SUMO2 and SUMO3 peptides in the patch pipette. Whole cell patch clamp
experiments with the endocytosis inhibitor, Pitstop2, mimicked and occluded the effect of K669
SUMOylation, suggesting that SUMOQylation reduces endocytosis and/or enhances recycling of
the endocytosed channel (one way ANOVA, F(3, 31) = 4.672, p=0.008). This was confirmed by
measuring the fraction of biotinylated HCN2 channels that were internalized over a 2.5hr period.
The fraction of internalized channels was greatly reduced by enhanced SUMOylation (t-test,
p=0.005). This effect was not observed when expressing the HCN2 mutant, K669R (t-test,
p=0.98). During endocytosis, the AP2 complex recruits HCNZ into clathrin coated vesicles. Co-
IP experiments indicated that enhanced SUMOylation did not alter the association of HCN2 with
the AP2 subunit, a-adaptin (t-test, p=0.67), suggesting that SUMOylation is not altering clathrin
mediated endocytosis and is perhaps enhancing recycling of the endocytosed channels. Rablla is
necessary for slow recycling and is used as a marker for the endosomal recycling compartment.
Immunohistochemistry experiments followed by confocal microscopy showed that enhanced
SUMOylation significantly increased colocalization of HCN2 with Rabl1a (Pearson’s
coefficient: 0.1391 vs 0.1829, p=0.04). Furthermore, over-expressing a dominant negative
Rablla mutant blocked the effect of enhanced K669 SUMOylation (t-test, p=0.88). These data
suggest that HCN2 SUMOQylation at K669 increases Ih by promoting recycling of endocytosed
channels. Similar studies on HEK cells over-expressing a Kv4.2 ternary complex (Kv4.2,
KChlP2a, DPP10) suggested that Kv4.2 SUMOylation at K579 increased surface expression of
the ternary complex in a rablla-dependent manner. C-terminal SUMOylation of ion channels
may represent a general mechanism for regulating the extent of ion channel recycling.
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Abstract: Acid-sensing ion channels (ASICs) are proton-gated cation channels expressed in the
nervous system. Studies of ASIC1a, a major ASIC isoform and primary sensor of acidosis, have
identified an extracellular region enriched in acidic residues, termed the acidic pocket, as a key
participant in proton sensing and channel gating. Recently, we reported that a small molecule
modulator of ASIC1 (JNJ-799760) binds at the acidic pocket and stabilizes the closed statel.
Here, we describe patch clamp studies of human and rat ASICs and crystal structures (at 2.5-3.2
A resolutions) of chicken ASIC1 in complex with four structurally distinct small molecule
ASIC1 modulators. Despite the chemical diversity, all four molecules bind to the same site in the
acidic pocket as JNJ-799760 in the closed state of the channel, and potently inhibit pH-induced
ASICla homomeric and ASIC1a/ASIC2a heteromeric channel currents (pIC50 = 7.2+0.1 -
8.9+0.1; n=3-15). Our findings unveil a novel and significant drug-binding site for small
molecule modulation of ASIC1a and provide molecular and structural insight into chemical
modulation of ASIC1. 1. Liu et al., Commun. Biol., 2021. doi: 10.1038/s42003-021-01678-1.
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Abstract: Depression is a devastating disease, associated with profound neurophysiological
alterations. Upregulation of the hyperpolarization-activated cyclic nucleotide-gated (HCN)
channels in ventral tegmental area (VTA) dopamine neurons is associated with depressive-like
symptomology in mice. Inhibition of these channels by the HCN inhibitor Cilobradine alleviates
those symptoms. Cilobradine is part of the “bradine” family of HCN-inhibiting cardiac drugs
which includes Ivabradine, an FDA-approved drug to treat heart disease and heart failure. Here,
we aim to augment and refine the HCN-inhibiting, minimally blood brain barrier (BBB)-
penetrant features of Cilobradine so as to improve rapid-acting and long-lasting therapeutic
effects. 11 analogs of HCN inhibitor Cilobradine and 1 analog of Zatebradine were designed and
synthesized. We investigated their effects on VTA dopamine neuron I, current and firing rate
utilizing electrophysiology of brain slices from adult C57BI6 mice. We also determined the
pharmacokinetic profile and brain plasma ratios of the potent analogs. We demonstrated that
these different analogs have a variety of inhibitory effects on Ix currents in VTA dopamine
neurons. Compounds 10 and 12 were chosen for further study based on their strong inhibition of
not only the In current but also firing rate; Cilobradine reduced the firing rate of VTA dopamine
neurons by 66%, while compounds 10 and 12 led to 91.5% and 92.4% reductions, respectively.
Pharmacokinetic analysis determined that the brain plasma ratios of compounds 10 and 12 are
0.28 and 0.57, respectively, greatly improved from the 0.076 brain plasma ratio of parent
compound Cilobradine. We demonstrate that minimal changes to the Cilobradine scaffold can
alter, and even improve, its inhibitory effect on VTA dopamine neurons. Furthermore, these
minimal changes can drastically improve its BBB permeability. Future studies will assess the
antidepressant behavioral effects of compounds 10 and 12 in vivo. Our results provide a new
avenue of research for the development of novel therapeutics to alleviate psychiatric disorders
associated with dopamine dysfunctions.

Disclosures: E.M. Teichman: None. J. Hu: None. X. Hu: None. S.E. Montgomery:
None. S.J. Russo: None. C. Morel: None. J. Jin: None. M. Han: None.

Poster

189. Other lon Channels

Location: SDCC Halls B-H

Time: Sunday, November 13, 2022, 1:00 PM - 5:00 PM



Program #/Poster #: 189.09
Topic: B.03. lon Channels

Title: Electrophysiological characterization of functional and pharmacological effects of B
subunit expression on BK channel activity
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Abstract: BK channels are large conductance potassium channels which are expressed in a
broad range of excitable as well as non-excitable cell types and are activated by elevations in
cytosolic Ca2+ concentration and membrane depolarization. It is thought that these channels
have discrete physiological roles that are adapted to the specific cell type requirements and
depend on cell-specific membrane potentials and cytosolic Ca2+ concentrations. To accomplish
such a broad diversity in physiological roles, BK channels consist of a pore forming a subunit
and employ auxiliary subunits (f1-4 or y1-4) to enable the variety of functional roles.
Modulation of BK channels has been suggested as a therapeutic strategy for a number of
disorders including epilepsy, Alzheimer’s disease and schizophrenia. However, the widespread
expression of BK channels and their participation in a variety of essential physiological
processes mean that any therapeutic strategy aimed at one particular cell type, tissue, or organ
system risks impacting other cells and tissues unrelated to the pathology, perhaps with highly
undesirable consequences. To reduce this risk, specific targeting of particular BK / auxiliary
subunit combinations may prove beneficial, with the aim to selectively modulate specific BK
subsets and reduce unwanted side-effects.

To investigate the functional and pharmacological effect of different B subunits on BK activity,
recombinant HEK cell lines expressing BK a, aff1, a2 and off4 combinations were developed
and characterized using a high throughput automated patch clamp platform. Simultaneous
assessment of multiple BK subtypes allowed for rapid optimization and characterization. Firstly,
the current-voltage (1V) relationship was assessed in the presence of various free internal Ca2+
concentrations (0, 1, 3, and 10 uM), with the B containing BK channels displaying increased
sensitivity to intracellular Ca2+ in line with literature values. The general BK activator NS1619
was assessed with calculated EC50 values in the range of 10-20 uM, while the activator
Arachidonic Acid was selective for a1 over a only expressing cells.

In inhibitor mode, the calculated 1C50 of the BK antagonist Paxilline was in the range of 30-130
nM depending on the specific BK off subunit complex, while Iberiotoxin was selective for BKa
alone, in line with previous studies.

The characterization performed here enables the identification of pharmacological compounds
targeting particular BK af3 subunit combinations and provides opportunities to selectively target
BK channels involved in particular physiological disorders.
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Abstract: Reduced inhibition from somatostatin (SST) interneurons and dendritic atrophy of
pyramidal (Pyr) neurons are implicated in underlying cognitive deficits in treatment-resistant
major depressive disorder (depression). Cortical SST interneurons primarily inhibit the apical
dendrites of Pyr neurons to facilitate feedforward inhibition and modulate input integration. To
study the effects of reduced inhibition from SST interneurons and dendritic atrophy on dendritic
stimulus processing, we expanded our previous data-driven models of human cortical
microcircuits in health and depression to include active dendritic properties in Pyr neurons such
as backpropagating action potentials, and dendritic atrophy in terms of synapse and spine loss,
and reduced dendrite length. We then characterized the functional implications of reduced SST
interneuron inhibition and dendritic atrophy in depression on dendritic processing of stimuli, and
showed decreased signal-to-noise ratio and increased stimulus detection errors in depression
microcircuits. Our study thus mechanistically links reduced inhibition and dendritic atrophy in
depression to dendritic stimulus processing deficits in human cortical microcircuits.

Disclosures: H. Yao: None. E. Hay: None.

Poster

190. Somatic and Dendritic Integration

Location: SDCC Halls B-H

Time: Sunday, November 13, 2022, 1:00 PM - 5:00 PM

Program #/Poster #: 190.02

Topic: B.06. Intrinsic Membrane Properties, Electrical Synapses, and Signal Integration

Support: Canadian Institutes of Health Research (CIHR) grant MOP-133711
Canadian Institutes of Health Research (CIHR) grant MOP-377520
Canada Foundation for Innovation (CFI) equipment grant Fonds des leaders
29970
Natural Sciences and Engineering Research Council of Canada (NSERC)
Discovery grant #418113-2012
Scottish Rite Charitable Foundation of Canada (SRCFC) research grant

Title: Dendritic channelopathies alter the synaptic integration of excitatory inputs in the basal
dendrites of layer 5 pyramidal neurons in a mouse model of Fragile X Syndrome
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Abstract: Fragile X syndrome (FXS) is the most frequent form of inherited intellectual disability
and common known cause of autism. Defects in the processing and integration of excitatory
inputs in cortical neurons likely contributes to the behavioral phenotype associated with FXS. A
key function of the neocortex is to associate external sensory information with an internal
representation of the world to make predictions about the future. Layer 5 (L5) pyramidal neurons
integrate sensory inputs onto their basal dendrites with information from other cortical areas at
their distal dendrites. Here, we aimed to uncover how L5 pyramidal neurons from FmrlKO mice
integrate synaptic inputs at the level of single spines in the basal dendrites. We used two-photon
uncaging of caged glutamate to activate nearly simultaneously two clustered spines in L5
pyramidal neurons. While excitatory inputs onto spines integrate linearly before the generation
of a dendritic spike in wild-type animals, surprisingly those of Fmr1lKO mice summate
sublinearly. Since FXS is characterized by several channelopathies in pyramidal cells, we are
currently investigating the role of calcium-activated potassium channels in explaining the
observed integration defects using genetic manipulations and numerical simulations. Taken
together, the results from these experiments will help uncover the role of ion channels in
excitatory input integration and identify novel targets for the design of specific drugs to
successfully treat FXS. This work was funded by the CIHR, as well as FRQS and QART
postdoctoral fellowships to DEM.
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Abstract: Neocortical layer 2/3 pyramidal cells are a major component of the canonical cortical
circuit, yet little is known about their subcellular excitability. These cells differ in several crucial
aspects from their more extensively studied (e.g., L5) pyramidal counterparts. Specifically, their



morphology is less polarized, they often lack a distinctive apical tuft, and their ion channel
expression is also assumed to differ. However, due to the absence of thick dendritic protrusions,
the expression and distribution of dendritic conductances in L2/3 cells are mostly unknown.
Hyperpolarization-activated nonselective cation (HCN) channels are essential for regulating
resting membrane potential, the temporal normalization of synaptic events arriving at spatially
mismatched locations, and establishing oscillation frequency-selectivity. Although it is well
known that pyramidal cells in deeper cortical layers and the hippocampus express this
conductance in their dendrites, layer 2/3 pyramidal cells have been widely regarded to lack it,
due to the absence of the characteristic “sag” potential in current clamp recordings. Here we
report that layer 2/3 pyramidal cells express functionally relevant HCN channels throughout the
cortex. These channels induce steady-state membrane response rectification and their currents
(Ih) are kinetically and pharmacologically similar to previous reports in other pyramidal cell
types. We found that HCN channel activation influences the amplitude and time-course of
synaptic events arriving onto various parts of the dendritic tree. Importantly, HCN channels have
previously been found to be enriched within the distal apical tufts of cortical L5, and
hippocampal CA1 pyramidal cells. Here, using direct dendritic patch-clamp recordings and
spatially restricted synaptic stimulation, we found that HCN channels also exhibit a unique
expression pattern in layer 2/3 cells, thereby influencing synaptic integration distinctively
depending on input location. Our results demonstrate that layer 2/3 pyramidal cells not only
express dendritic HCN channels but also employ these conductances in a previously unobserved
manner.
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Title: Dendritic branch-specific voltage and calcium imaging in layer 2/3 pyramidal neurons
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Abstract: Neurons convert synaptic inputs arriving onto dendrites into action potentials that
propagate outward along axons. Back-propagating action potentials (bAPSs) also go from soma
into dendrites and interact with synaptic inputs to modulate synaptic strengths at individual
spines. Understanding how bAPs propagate within neurons is critical, but we have a limited
technical tools to map voltage and calcium signals throughout dendritic arbors. We developed
tools for simultaneous voltage and calcium imaging by using a new genetically encoded voltage
indicator (GEVI) called QuasAr6a, which has a higher brightness, sensitivity, and speed than any
existing GEVI. We introduced QuasAr6a and membrane-targeted GCaMP6f into a sparse subset
of L2/3 neurons through in utero electroporation (IUE). On the optics front, we used a new
instrument that combines holographically patterned red (635 nm) illumination for voltage
imaging, micromirror-patterned blue (488 nm) illumination for wide-field Ca?* imaging, and
two-photon (2P) illumination for structural imaging. Under whole-cell patch clamp configuration
in mouse brain slices (3-4 weeks of age), we studied dendritic Ca?* heterogeneity in response to
bAPs triggered by a current injection through the patch pipette. Our data suggests that some
branches show a failure of bAP-dependent Ca?* influx, and this branch-specific Ca?* variability
is dependent on the sister branch structures and voltage-gated calcium channels (VGCCs).
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Title: Backpropagation-like error signals in apical dendrites of cortical neurons during a brain-
computer interface task.
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Abstract: The deep learning algorithm ‘backpropagation’ has led to significant advances in
artificial intelligence. Recent theoretical models suggested how biological neurons could
potentially implement backpropagation-like learning by semi-independently processing
feedforward and feedback information streams at separate dendritic compartments. This
represents a compelling but untested hypothesis for how cortical circuits may solve the credit
assignment problem, a longstanding and crucial unknown in our understanding of how brains
learn. We designed a neurofeedback Brain-Computer Interface (BCI) task with an experimenter-



defined cost function to test the hypothesis that individual neurons receive tailored error signals
onto their apical dendrites, according to their causal contribution to task performance. We trained
mice to modulate activity in two arbitrarily-selected neural populations (~5 neurons each) to
rotate a visual grating to a target orientation while recording GCaMP7 activity from somas and
corresponding apical dendrites. Our data revealed systematic amplitude mismatches of
coincident GCaMP signals in somas and dendrites of individual layer 5 neurons, which could be
predicted from local network activity. Somato-dendritic amplitude mismatches contained
information about task-related variables including reward and error, defined as the distance
between target and output activity. Our data show that the sign of error signals depends on the
causal role of individual neurons in the BCI task. These neuron-specific error signals further
correlate with changes in firing rates during the course of learning. Our results demonstrate that
individual neurons receive backpropagation-like error signals onto their apical dendrites during
learning, providing a biological mechanism for solving credit assignment in the mammalian
neocortex.
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Title: Computational specialization of cortical dendrites
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Abstract: The transformation of synaptic input into action potential output is governed by
dendritic physiology. Synaptic potentials are subject to severe attenuation on their way to the
soma due to passive cable filtering, yet dendritic active conductances and local spatial
interactions may compensate for, or even enhance the processing of particular input features.
Dendritic integration thus presents both fundamental constraints on signal transmission and
opportunities for computation. It has been known for decades that dendritic morphology and
biophysics vary widely across cortical cell types, suggesting that different cortical neurons may
be specialized for different computations. However, how the properties of dendrites determine
the computational repertoire of neurons remains unclear. Here, we introduce a biophysical
modelling and machine learning framework to address this question. We develop a general
learning rule with which detailed models of neurons, comprising 3D reconstructed morphologies



and an array of active conductances, can be 'trained' to perform sophisticated computational
tasks. Applying our learning rule in experimentally validated models of excitatory and inhibitory
neurons from the Allen Cell Types Database, we translate the biology of each model neuron into
a measure of its computational abilities. Training the database of models to implement nonlinear
feature-binding computations, Boolean logic operations, and a regression task designed to test
the limits of stimulus selectivity, we find performance varies both across and within cell types.
Regression analysis identifies a diverse set of morphological and biophysical features that
together explain ~85% of the variance in task performance. Moreover, we find that different
features, such as dendritic branching parameters and input resistance, contribute differentially
across tasks. In summary, we establish a systematic approach for investigating the computational
specialization of single neurons, predicting tight relationships between the functional roles of
different cell types, their structure, and biophysical properties.
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Abstract: Neurons convert synaptic inputs to spiking outputs, yet we lack a coherent picture of
how dendrites integrate synaptic inputs to produce spikes, and how back-propagating action
potentials (bAPs) interact with synaptic inputs to drive plasticity. The ability to map voltage
dynamics throughout a dendritic tree would be a transformative capability for studying dendritic
physiology. Here, we combine patterned channelrhodopsin activation and high-resolution
structured illumination one-photon voltage imaging, to control and measure electrical activity
throughout a dendritic tree in vivo. We recorded the voltage dynamics of the apical dendrites of
2/3 pyramidal neurons in the visual cortex of mice at different brain states and mapped the
propagation of synaptic inputs and bAPs. We use localized optogenetic perturbations to estimate
electrical cross-couplings among dendritic branches and to probe how the excitation, inhibition,
and bAPs travel through the dendritic tree. The combination of advanced optical control with
improved molecular reagents for all-optical electrophysiology has the potential to unravel
mechanisms of dendritic integration and activity-dependent plasticity.
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Title: Modelling how the spatial relationship of dendritic excitation and inhibition affects
synaptic integration in the posterior parietal cortex neurons
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Abstract: Functional interaction and distribution of excitatory and inhibitory synapses on
dendritic trees shape multimodal integration properties of neurons. We have previously shown
that distinct subclasses of pyramidal cells in the posterior parietal cortex (PPC) characterized by
either regular spiking (RS) or intrinsic burst spiking (IB) perform nonlinear integration of inputs
from auditory (A1, bottom-up) and anterior cingulate cortex (ACC, top-down). In preliminary
studies using multicompartmental models and electrophysiological recordings, we found that
coincident but not delayed (50 ms) activation of A1-ACC synapses resulted in multimodal
enhancement in IB cells, whereas delayed (50 ms) but not coincident activation of A1-ACC
synapse resulted in supralinear integration in RS cells. Based on model predictions, we found
that, unlike IB cells, RS cells received more potent feedforward inhibition, which was
instrumental for distinct temporal integration profiles in these cells. However, it is unclear what
role morphological parameters and the spatial organization of synapses on the dendrites play in
these distinct temporal integration dynamics. To test whether clustered or distributed synapses
recapitulate our electrophysiological findings, here we used multicompartmental model cells, one
with apical dendrite alone and the second model with basal and apical dendrites with proximal
and distal segments in each dendrite. We simulated models with either synapses arriving on the
same or different segments (distal or proximal) of the dendrites. From the simulations, we find
that clustered excitatory synapses, that is, both Al and ACC inputs arriving on the same
segment, especially in the distal dendritic segment of both the models, resulted in multimodal
enhancement in IB cells that recapitulated our experimental observations. Similarly, we
recapitulated RS cell experimental observations when the excitatory and inhibitory synapses
clustered on the distal segment of the tested models. Additionally, in RS cells, we observed that
inhibitory input arriving on any segment of the dendrite with respect to excitatory synapses is
efficient in suppressing supralinear integration when A1-ACC inputs were activated
simultaneously. Together, based on our simulations, we speculate that in the distinct subclasses



of PPC principal neurons, regardless of apical or basal dendrite morphology, the multimodal
synapses are likely to arrive or cluster on the distal dendritic segments, which seem to drive
supralinear synaptic integration.

Disclosures: A. Proddutur: None. D. Rindner: None. G. Lur: None.

Poster

190. Somatic and Dendritic Integration

Location: SDCC Halls B-H

Time: Sunday, November 13, 2022, 1:00 PM - 5:00 PM

Program #/Poster #: 190.09

Topic: B.06. Intrinsic Membrane Properties, Electrical Synapses, and Signal Integration

Support: NIMH RO1MH123686
NIDCD T32DC010775-12
Whitehall Foundation grant 2018-12-9

Title: Distinct ionic mechanisms of feedforward and feedback synaptic integration in parietal
cortex layer 5 neuron subclasses
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Abstract: Combining feedforward (sensory) and feedback (contextual) signals is a key function
of the neocortex. Yet, synaptic-level insight to how these pathways interact remains limited.
Using a dual-color optogenetic approach, we show that intracortical feedforward and feedback
afferents have monosynaptic convergence on cells in layer 5 of the mouse posterior parietal
cortex. Temporal dynamics of integration differed between the two major subclasses of layer 5
neurons. Intrinsically bursting (IB) cells boosted coincident synaptic events, while regular
spiking (RS) cells preferentially enhanced delayed inputs. Pharmacological manipulations
coupled with computational modelling identified sodium channel, calcium channel, and NMDA
receptor conductances necessary for coincident and delayed integration. Notably, a difference in
NMDA decay Kinetics between IB and RS cells was crucial for driving cell type-specific delayed
interactions. Retrograde labelling then revealed unique long-range axonal targets for IB and RS
cells. Parietal cortex projections to the pons primarily comprised of 1B cells, while outputs to the
dorsal striatum were predominantly RS. Thus, 1B and RS subclasses are likely to represent
distinct channels of information flow in the neocortex with specific roles in integrating
feedforward and feedback signals.
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Title: Dendritic encoding of multimodal behaviour in the posterior parietal cortex
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Abstract: The ability to integrate sensory information from multiple modalities allow us to
respond appropriately and dynamically to our environment. While we are beginning to unravel
where in the brain this may occur, we are yet to fully understand the cellular mechanisms which
drive multimodal integration. Specifically, we do not know how dendritic processes integrate
information from different senses, and how cellular mechanisms change to match behavioral
needs. To this end, we performed two-photon calcium imaging from the apical tuft dendrites of
layer 2/3 pyramidal neurons in the posterior parietal cortex (PPC) - a brain region heavily
implicated in multisensory integration. Compared to unimodal stimuli (tactile or auditory),
dendritic calcium activity was greater in response to passive presentations of a multimodal
stimulus (tactile + auditory). To probe whether this enhanced dendritic encoding of multisensory
information also occurs during behavior, we designed a Go/NoGo task where mice had to
discriminate between unimodal and multimodal stimuli, and respond appropriately to receive a
water reward. In expert mice performing the task, sensory encoding was increased compared to
the naive state, with a greater frequency and decreased latency of dendritic signals. Specifically,
the multimodal Go stimulus had a greater decrease in the dendritic response latency compared to
unimodal NoGo stimuli, which was also reflected in the behavioral response speed of mice.
Taken together, PPC dendrites shift from enhanced encoding of multimodal stimuli in a passive
context, to quicker encoding during behavior. The present study uncovers a novel cellular
mechanism underlying the ability to adapt the efficiency of multimodal processing when the
behavioral requirements necessitate it, highlighting the importance of PPC dendrites in this
process.
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Title: Morphologically realistic neurons are alternatives to artificial neural networks
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Abstract: From the perspective of synaptic input and spiking output, a morphologically complex
neuron is (almost) equivalent to a single output multilayered artificial neural network. However,
it is not known if they can perform equivalent computations. Recently Bicknell and Hausser
(2021) showed that a single neuron of complex morphology can be trained to distinguish
different synaptic patterns which previously were considered to require multilayer neural
networks. Here, using the method of Bicknell and Hausser, we study minimal computational
models of a dendritic tree trained on a classification task that requires complex, nonlinear
computations. We show which aspects of dendritic morphology and synaptic locations influence
feature differentiation and how to select them optimally.

Bicknell, B. A., & Hausser, M. (2021). A synaptic learning rule for exploiting nonlinear
dendritic computation. Neuron, 109(24), 4001-4017.
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Abstract: Refining a table-based approach to prediction of active dendritic responses
Christopher R. Jewell, Biomedical Engineering Department, USC

Tejas Ramdas, Neuroscience Program, Harvard University

Bartlett W. Mel, Biomedical Engineering Department, USC.

Understanding how neurons convert synaptic inputs into trains of action potentials is a central
problem of systems neuroscience. The question is complicated by the fact that neurons contain
many types of active channels (Major et al. 2008), and support nonlinear synaptic interactions on
spatial scales ranging from microns to millimeters (Jarsky et al. 2005; Larkum et al. 2009;
Branco and Hausser 2010; Gidon and Segev 2012; Jadi et al. 2014). Various modeling
approaches have been developed to try to predict neural responses to spatiotemporal patterns of



excitatory and inhibitory stimulation (Mel 1992; Poirazi et al. 2003; Jadi et al. 2014; Ufjalussy et
al. 2018; Moldwin et al. 2021; Beniaguev et al. 2021). An important factor in determining neural
responses is the degree of spatial clustering of excitatory input to dendrites (Mel, 1993; Polsky et
al. 2004; Katona et al. 2011; Kastellakis et al. 2015; Ujfalussy et al. 2020), which is significant in
light of accumulating evidence for spatial clustering of like-activated synaptic contacts in the
brain (Fu et al. 2012; Kleindienst et al. 2011; McBride & DeBello 2015; Lee et al. 2016; Wilson
et al 2016; Adoff et al. 2021). Many questions remain, however: in numerous pilot simulations
for this project, we have found that nonlinear synaptic interactions in dendrites, and therefore
dendritic outflows to the soma, are influenced not only by the degree of spatial clustering of
activated synapses, but also by the number of activated synapses, the biasing of inputs towards or
away from the soma, the locations of coactivated inhibitory synapses, the NMDA-AMPA ratio,
NMDA peak conductance, short term synaptic dynamics, spine neck resistance, the spine density
profile, dendritic resting potential, and the state of somatic excitation (up-state vs. down-

state). We are currently extending a previously developed table-based approach to dendritic
response prediction (Jin and Mel, 2019 SFN abstract), to accommodate a wider range of stimulus
variables (see above), and to allow prediction of a neuron's output firing rates under multi-branch
stimulus conditions.
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Title: Cholinergic modulation of firing rate adaptation in hippocampal CA1 pyramidal neurons
via TRPM4 channel activation: implications for place cell firing
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Abstract: Many CA1 pyramidal cells function as place cells, firing at higher rates within a
preferred place field. Upon repeated traversals of the place field in the same direction, the center
of the place field shifts in the opposite direction, as novel environments become more familiar.
Higher levels of the neuromodulator acetylcholine (ACh) are associated with novelty, and thus
may decrease with experience. Such a decrease in ACh may partially account for the backward
shift in the center of mass of the place field, by modulating intrinsic neuronal properties. Using
in vitro electrophysiology in slices from male rats and in silico simulations in a
multicompartmental model of a CA1 pyramidal neuron, we investigated cholinergic modulation
of the firing rate adaptation that occurs in response to symmetric ramps of depolarizing current



input. This symmetric input approximates the spatially-tuned, temporally-diffuse depolarizing
synaptic input received by these neurons while traversing a place field. In control, fewer spikes
are elicited on the down-ramp than on the up-ramp; moreover, at equal levels of injected current,
the frequencies are lower on the down ramp. The cholinergic agonist carbachol (CCh) reverses
this spike rate adaptation and causes more spikes to be elicited on the down-ramp than the up-
ramp. This reversal is equivalent to a shift in the place field center in the same direction as the
place field is traversed. The non-specific TRP antagonist flufenamic acid reverses the effect of
CCh, suggesting that the CCh-induced shift is due to activation of the Ca?*-activated nonspecific
cation current, Ican, carried by TRP channels. The TRPC-specific antagonist SKF 96365 does
not significantly affect the CCh-associated shift, but CBA, a blocker specific for TRPM4
channels, does. The model suggests that the IP3 receptor is the locus that requires both CCh and
sustained depolarization to produce the rightward shift in firing rate along the ramp. In the
model, a step change in IPs, representing the activation of muscarinic receptors by CCh, coupled
with an increase in bulk [Ca?*] due to voltage-gated Ca?* influx during the ramp, activates Ca®*-
induced Ca?* release. This Ca?*-induced Ca?* release in turn activates TRPM4 channels, via a
nanodomain required by the micromolar half-activation for TRPM4. In summary, our synergistic
experimental/computational approach led to an improved mechanistic understanding of the
intrinsic mechanisms involved in the cholinergic modulation of firing rate in response to
symmetric ramp current injections, which has implications for the dependence of place cell firing
on position within the place field.
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Abstract: Space-specific neurons (SSNs) in the barn owl inferior colliculus are computational
hubs for synaptic integration, plasticity and learning. We discovered an SSN subtype with
unusually large dendritic spines, each of which integrate multiple axonal inputs. These ‘toric



spines,” named for their topological holes, also exhibit low connection fractions suggesting a role
in experience-dependent rewiring. The current work combines patch-clamp recordings and
volume electron microscopy to determine the rules of subthreshold integration in SSNs and their
microanatomical substrates. (1) Patch-clamp recordings are being used to characterize
glutamatergic EPSPs and EPSCs elicited by electrical stimulation of the input nucleus, the lateral
shell of the inferior colliculus central nucleus (ICCls). Data indicate that the in vivo topography
of synaptic inputs is preserved in ex vivo slices; EPSCs elicited by synchronous stimulation at
two distinct input locations summate, which provides a tool to probe rules of integration across
interaural time differences or sound frequencies, and; the ICCIs-SSN synapse exhibits paired-
pulse facilitation and depression. These observations establish a baseline for investigating
learning-driven changes in SSN computation. (2) Serial block-face scanning electron microscopy
(SBEM) is being used to reconstruct SSN network architecture. Horizontal and feed-forward
connections were labeled in vivo for retrospective identification in SBEM. Reconstruction of a
2.4 x 106 mm? image volume is proceeding using an Al-assisted pipeline. To investigate
learning-driven changes in connectivity, owls were adapted to prismatic spectacles (prisms)
which cause reorganization of the ICCIs-SSN connection. SBEM volumes corresponding to the
normal and learned circuits of a prism-adapted owl are in process. One goal of this
reconstruction is to test predictions of the dendritic input clustering hypothesis. In total, this
project uses an integrative approach to study principles of synaptic integration in a circuit that
mediates behavioral learning.
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Abstract: Neural activity in the auditory cortex is strongly modulated by both learning and the
behavioural state. Such modulation is believed to occur via top down projections, which target
the apical tuft dendrites of cortical pyramidal neurons. Due to their non linear properties, tuft
dendrites can actively integrate different streams of information and are a great candidate for



driving the dynamic changes required during learning. Here, we used two photon calcium
imaging to investigate dendritic activity of layer 2/3 pyramidal neurons within the auditory
cortex during learning of an auditory discrimination task. Comparing passive listening (naive)
and behaving (novice and expert) mice, we found task-dependent activity in tuft dendrites
following learning. Specifically, dendritic activity was overall similar in naive and novice mice,
whereas auditory-evoked responses were selectively increased during correct (HIT) performance
in expert mice. Additionally, task engagement increased the proportion of dendrites with
dampened activity during the auditory stimuli, suggesting that the balance of excitation and
inhibition is important for learning. Overall, our findings illustrate that apical tuft dendrites of
cortical pyramidal neurons can flexibly encode task-relevant information, suggesting that
dendrites can be primary drivers in modulating the cortical activity that is required during
learning.
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Abstract: Our daily lives such as movements and thoughts are realized by advanced motor and
cognitive functions of the brain. The brain is a large and complex network of neurons, and the
dynamics of this network seems essential for such functions. In other words, such functions are
assumed to emerge from interactions of a number of neurons by exchanging spikes over the
network. This hypothesis also implies that individual neurons are rather simple elements that
only accumulate incoming spikes and emit another spikes. On the other hand, several studies
have shown that even single neurons can perform complex computations by taking advantage of
the characteristic spatial shape of neurons and the nonlinearity of ion channels present on their
surfaces. For example, cerebellar Purkinje cells have rich spatially organized dendrites and
various types of ion channels on them, which makes the cells capable of complex computations.
The cerebellum is known to play essential roles in motor control and learning, which allows a



number of muscles in our body to contract with appropriate timings to achieve fast and smooth
body movements. By these observations, we assumed that cerebellar Purkinje cells could process
sequential information on stimuli through parallel fiber inputs. In this study, by conducting
computer simulation of a multi-compartment model of cerebellar Purkinje cells, we investigated
whether a single cerebellar Purkinje cell could discriminate sequences of parallel fiber input
stimuli. Specifically, we chose about ten synapses randomly aligned sequentially on a dendrite,
and stimulated them in two directions, from proximal to distal and from distal to proximal, with a
relatively long time interval (~ 100 ms). We observed that the cell fired when stimulated in one
order, but not when stimulated in the reverse order. We also observed that by setting weights of
those parallel fiber synapses appropriately, the order of the stimuli for the cell to fire could be
reversed. These results suggest that if appropriate weights were acquired through learning, the
cell could learn sequential information on parallel fiber stimuli. To address this learning issue,
we implemented a spike timing-dependent Hebbian plasticity rule on the synapses, and fed a
short pulse that activated the entire dendrites strongly immediately after the sequential
stimulation. We confirmed that by this learning mechanism, sequential information was acquired
correctly. These results suggest that Purkinje cells can discriminate and learn input sequences
from parallel fibers.
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Abstract: The prefrontal cortex (PFC) is essential in integrating higher brain activities, and
disruption can cause schizophrenic and other neuropsychiatric phenotypes. However, the
neuronal circuit activities of PFC are not well known. We have developed a stable and reliable
voltage-sensitive dye (VSD) imaging system for large-scale network activity. Here we report the
functional dissection of mouse PFC with the VSD imaging method with high speed (1
ms/frame), high resolution (250%256 pixels), and a large field of view (ca. 10 mm in diameter).
From a slice, about 1 mm from the bregma, electrical stimulation to layer I1/111 of cgl of the
anterior cingulate cortex (ACC) resulted in the neural propagation to the most medial side of the
ACC (subfield 33). It subsequently induced interhemispheric transmission to the other side of
subfield 33. To evaluate the functional pathway of the propagation and elucidate functional
connectivity among the areas in the PFC, we made five acute serial slices 350 um thick from the
bregma. We assigned slices 1 to 5 based on the mouse brain atlas from 1.70 mm to 0.26 mm
from the bregma. We collected the neural response to electrical stimulation at nine sites on them.
We developed a method to produce the average neural activities of slices to nine stimulation sites
and made a functional map of the propagation patterns from 6 to 8 slices.The results indicate that
the intracortical propagation occurred in slices 3, 4, and 5, which are the slices with the ACC and
the corpus callosum (CC). The activity seemed to spread at area 33 of the ACC. The direct
stimulation to the white matter induced the activation of area 33 in both hemispheres, suggesting
that the CC has reciprocal termination at area 33 of the ACC. The observation was consistent
with the Di-I staining of the CC. It was also evident that the propagation within the ACC was
heterogeneous. The spread from cgl to cg2 was weaker than from cg2 to cgl. Thus,
intrahemispheric propagation preferentially occurs when directly stimulating cg2. The
heterogeneous activity spread should shape the information at the ACC.
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Abstract: During sensory processing, cognitive thought, and action generation, spiking signals
are propagated accurately and rapidly across multiple brain regions. However, spike transmission
is also accompanied by increased variability. Understanding the mechanisms underlying the
precise and reliable propagation of spiking signals between neurons is an open question in
neuroscience. Here, we focus on information transmission at the interface between pyramidal
cells (PYR) and inhibitory interneurons (INT) in neocortex and hippocampal region CA1 of
freely-moving mice. Initially, we used an optogenetic Gaussian white-noise (WN) signal with a
timescale of 3 ms as input to PYR. We found that spike generation of directly-activated (DA)
PYR exhibited precision of 2-4 ms. Instead of being distorted by transmission, precision of
postsynaptic INT was higher than the precision of DA PYR. INT precision was higher when a
larger presynaptic PYR pool was recruited. Data driven modeling showed that coincidence
detection of the convergent inputs enables spiking patterns to be precisely propagated between
cortical PYR and INT. Next, we asked whether the improved precision of the postsynaptic INT
depends on the input timescale, and what input timescale yields the highest precision. We
therefore applied multi-scaled optogenetic WN signals to PYR in neocortex and CAL of freely-
moving mice. The same seed WN signal was scaled using alpha functions with different time
constants, ranging from 1 to 20 ms. We found that compared to DA PYR, postsynaptic INT
showed improved precision at every tested WN timescale. Furthermore, precision improved at
shorter timescales. However, DA PYR reached a precision asymptote at short timescales,
suggesting a lower bound for directly-activated units. In contrast, postsynaptic INT precision
continued to improve at short timescales. Thus, although PYR precision is limited, the
convergence of information across the PYR-to-INT interface allows high precision transmission
of input signals, regardless of the signal timescale.
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Abstract: Traveling waves are often observed in large scale population activity in different brain
areas and in various brain states. However, the detailed spatiotemporal patterns of wave
propagation have not been well characterized, especially in awake mammals. Critically, it is still
largely unknown if spatiotemporal patterns are shared and coordinated across different brain
structures. Here we show that propagating activity patterns are shared across multiple cortical
maps and thalamus.

Using transcranial widefield imaging of the dorsal cortex in awake GCaMP7-expressing
transgenic mice, we robustly observed spiral waves in the 2-8Hz frequency range. Spiral centers
were detected using custom detection algorithms and optical flow methods applied to phase data
after Hilbert transformation. Spirals tended not to occur during overt movements of the mouse,
and were more prevalent during periods of quiet wakefulness, which are also characterized by
high 2-8Hz power. Spirals were also present in epochs during which mice actively consumed
rewards, though primarily in between bouts of licking. The presence of spirals in wild-type mice
was separately validated with 4-shank Neuropixels 2.0 probe recordings in the cortex.

These spirals were nearly always mirrored on the left and right hemispheres with opposing
rotation directions, reflecting the mirrored topographic anatomical connectivity between
hemispheres. Similarly, we frequently observed simultaneous mirrored spirals split along the
S1/M1 or M1/M2 borders within the same hemisphere. The spatially coordinated distribution of
spiral patterns in the cortex suggests that spontaneous neural activity is shared across
interconnected topographic maps. Indeed, with kernel regression analysis, we are able to
accurately predict spatiotemporal neural activity and recapitulate spiral patterns in the posterior
cortex from simultaneously recorded activity in the frontal cortex.

To determine whether spatiotemporal dynamics are globally coordinated beyond cortex, we
made simultaneous widefield imaging in the cortex and extracellular recordings in subcortical
areas including the thalamus with 4-shank Neuropixels 2.0 probe. As above, spiral patterns in
cortical activity were recapitulated when predicting that activity from simultaneously recorded
thalamic neurons. Overall, these results demonstrate that spontaneous fluctuations in neural
activity in the mouse are coordinated more broadly than previously known, across multiple
topographic maps cortically and subcortically.
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Abstract: Subthreshold neural oscillations at different frequency bands have been observed in
several brain regions and can influence the timing of neural spikes. However, the spatial extent
and function of these spontaneous oscillations remain unclear. To study the mechanisms
underlying these waves, we generated oscillating subthreshold activity at different frequencies in
the longitudinal hippocampal slice expressing optopatch proteins by optical stimulation with blue
laser pulse trains. We found that optogenetic stimulation can induce low-amplitude oscillating
waves in addition to high-amplitude neural spikes. Neural oscillating waves can propagate
bidirectionally across the hippocampal slice and go through a complete transection of the tissue.
The propagation speed of these neural waves is independent of the oscillating frequency. The
endogenous electric fields generated by these waves are 0.5 to 0.7 mV/mm perpendicular to the
direction of propagation and about 0.3 mV/mm parallel to the propagating direction. We also
observed that these oscillating waves could interfere with each other in the middle of the slice
when two waves were initiated simultaneously at both ends of the slice. Interference was
maximum when two waves were in phase (constructive interference). When two waves were
slightly out of phase with a 90° or 270° phase shift, interference decreased and reached a
minimum value when the phase shift was 180° (destructive interference). Finally, our
pharmacological experiments show that the optically-induced oscillating waves are not affected
by the NMDA blocker (APV) and still propagate in the presence of tetrodotoxin (TTX) but at a
significantly lower amplitude. These results suggest that the neural tissue is wired to generate
waves producing interference patterns without or in combination with synaptic transmission.
Although the function of the subthreshold waves in the neural system and their interaction with
suprathreshold activity is unknown, the results described above open the possibility that signal
processing of very low amplitude signals could produce interfering patterns below the threshold
of firing, leading to another level of neural computation not previously described.
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Abstract: Human brain organoids represent a self-organized neuronal system that replicates key
facets of cellular diversity, developmental anatomy and functional connectivity found in in vivo
brain networks (Sharf et al. 2022). An ongoing conjecture in neuroscience is that cognition
depends on self-generated sequential activation of neuronal assemblies within the brain
(Pastalkova et al. 2008). Brain organoids provide an experimental framework to investigate
intrinsic temporal dynamics within hierarchically organized neuronal assemblies, composed of
both excitatory and inhibitory networked neurons, that emerge devoid of an external input.
Utilizing high-density CMOS microelectrode arrays containing 26,400 recording sites, we
measured extracellular action potentials generated by spontaneous spiking activity across the
surface of a human brain organoid. From tracking the transient dynamics of single-unit firing
rates we identified ensembles of neurons that initiate, align and disperse within a time course of a
few hundred milliseconds. Utilizing these readouts of neuronal activity, we found neuronal
ensembles with reliable, sequentially activated spike patterns that form temporally aligned
sequences. A subset of these neurons exhibit a sharp increase in temporal alignment with respect
to peak activity within neuronal avalanches and form attractors with stable phase-space
trajectories. Surprisingly, temporal dynamics generated by our brain organoids resemble
temporal signatures of firing patterns observed in neuronal assemblies hypothesized to function
as computational units observed in vivo, and are retained and activated during sleep when largely
disengaged from external inputs (Peyrache et al. 2015). These results suggest that perturbation of
intrinsically self-organized neuronal patterns with electrical and/or optogenetic stimulation may
open a new paradigm for encoding and reading information delivered from an external input to a
human brain organoid.
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Title: The mouse claustrum synaptically connects cortical network motifs
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Abstract: Spatially distant areas of cerebral cortex coordinate their activity into networks that
are integral to cognitive processing. A common structural motif of cortical networks is co-
activated frontal and posterior cortical regions. The neural circuit mechanisms underlying such
widespread inter-areal cortical coordination are unclear. Using a discovery based functional
magnetic resonance imaging (fMRI) approach in mouse we observed frontal and posterior
cortical regions that demonstrate significant functional connectivity with the subcortical nucleus
the claustrum. Examining whether the claustrum synaptically supports such fronto-posterior
cortical network architecture, we observed cortico-claustro-cortical circuits reflecting the fMRI
data: significant trans-claustral synaptic connectivity from frontal cortices to posteriorly lying
sensory and sensory association cortices contralaterally. These data reveal discrete cortical
pathways through the claustrum that are positioned to support cortical network motifs central to
cognitive control functions and add to the cannon of major extended cortico-subcortico-cortical
systems in the mammalian brain.
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Title: Neural microcircuits underlying EEG responses evoked by electrical stimulation in mice
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Abstract: Electroencephalography (EEG) is one of the most widely used methods for the
investigation of the electric activity of the brain. Embedded within the EEG are the neural
responses associated with specific perturbations, so-called event-related potentials (ERPS).
Previous studies directly stimulating the brain showed that some ERPs’ features, such as spectral
content and waveform, depend on the cortical area that is perturbed (Rosanova M., 2009;
Parmigiani, S., 2022), whereas other information-related metrics depend on the brain state of the
subject, such as the presence of consciousness (Massimini M., 2005; Casali A.G., 2013). Despite



its widespread use, we know little about the microcircuits that give rise to the ERPs. To uncover
the underpinnings of these ERPs features, we developed an electrophysiological setup in head-
fixed mice that combines the simultaneous recording of the LFP and 102-103 individual units via
Neuropixels probes (Jun J.J., 2017) with 30 channel EEG electrodes, while applying electrical
stimulation in the secondary motor, primary somatosensory, and primary visual cortical areas.
We compare the ERPs elicited by direct stimulation of each area in terms of whole-brain peak
latency and waveform. Leveraging our multi-scale setup, we investigate the local bases of these
macroscopic differences in terms of current source density and single unit firing activity,
disentangling the contribution of the stimulated area from that of the regions indirectly engaged
by the stimulation. Furthermore, to assess whether each area-specific feature depends on the
intrinsic structure of the network or on the functional properties of the network, we evaluate how
these metrics are affected during anesthesia induced via isoflurane. Preliminary results show that
the latency of the ERPs peak after the stimulation onset and the waveform depend on the
perturbed area. Intriguingly, the area-specific differences in the latency of the first component
are preserved under anesthesia, while the differences between the ERPs’ waveform are partially
abolished. We infer that the response features preserved during anesthesia may reflect intrinsic
properties of the stimulated area. Conversely, the response features affected by anesthesia are
likely to reflect operational properties of the stimulated area, that fade with loss of consciousness
during anesthesia. We will relate these macroscale differences captured by EEG to the
underlying microscale dynamics. This study will lead to a better understanding of ERPs by
interrogating the contributions of specific brain regions and ultimately inform their application in
a clinical setting.
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Abstract: The midbrain PAG is a critical relay center of the emotional motor system and
controls neural circuits that regulate breathing, blood pressure, bladder function, vocalization,
coughing, sneezing, vomiting and maintenance of abdominal and intrathoracic pressure.
Dysfunction of PAG circuits lead to dysreflexia such as dyspnea, ataxic breathing, hyper &
hypotension and micturition disruption (urinary incontinence). Circuit specific neuromodulation



of the PAG could reverse specific types or combined dysfunctions paving way for development
of neurologic clinical therapy. However, PAG circuit dynamics are unkown. For this reason, we
stereotaxically mapped the PAG in the rat in vivo to investigate its neural architecture, circuit
physiology and anatomical topography. The PAG was found to be predominantly quiescent in
the resting state and could be activated by iontophoresis of excitatory amino acid glutamate
agonists. Cells activated ceased function when glutamate ejection was terminated or by co-
iontophoresis of muscimol (GABA agonist). Very few spontaneously active cells were found in
the PAG, mainly in its dorsal region and these cells, typically fired in a slow and irregular
pattern. Activation of either behavioral and/or emotional motor interventions caused immediate
activation of PAG neurons mainly in the lateral and ventrolateral PAG. showing two distinct
types of activity patterns; 1) single spike firing and 2) burst firing, The cells fired both tonically
and phasically when correlated with specific emotional motor output such as the diaphragm
EMG. Predominantly the non-bursting PAG neurons had a near normal distribution around 200
to 250 msec, while burst-firing cells typically showing a bimodal distribution. The functional
implications of PAG neuronal activity are discussed in terms of descending motor and emotional
motor control and effective translation for application of neuromodulation clinical therapy for
specific emotional motor diseases.Acknowledgement and DeclarationThis work was wholly
undertaken in the laboratories of HHS-RJB at The University of Sydney and The University of
Queensland with respective institutional ethics approvals. HHS, RJB and GH conceived and
designed the projects, performed the experiments, analyzed primary data and made figure
illustrations. GH curated and approved the final data/figure representation in this
presentation/poster. None of the work described here were undertaken at either of the current
work designations of Hari Subramanian or Gert Holstege.
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Abstract: Most brains are compartmentalized organs, with many brain regions having either
known or suspected biological functions. The FlyWire project has now completed the



proofreading of a connectome for a Drosophila female brain (FAFB) which contains both
complete hemispheres of the central brain and includes neurons that receive inputs in the optic
lobes. This reconstruction gives us the opportunity to better understand the structure of the
Drosophila brain at this mesoscale. We characterized 75 anatomically defined brain regions, or
neuropils, spanning most of the central brain of the fruit fly, and found that different neuropils
are statistically distinct. By identifying the strongest input and output brain regions for each
neuron, we constructed a neuropil projectome, a network describing the number of neurons
connecting each neuropil pair, and identified neuropils critical to information flow across the
brain. These results demonstrate that, despite being strongly interconnected, different brain
regions have distinct network properties.
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Abstract: Afferent and efferent vagus nerve fibers in the inflammatory reflex are a physiological
interface between the brain and the inflammatory response. We have shown previously that
activation of Transient Receptor Potential Ankyrin-1(TRPAL)- expressing vagus nociceptors
activates the afferent arc of the inflammatory reflex. Here, we reasoned that TRPA1-signaling in
the vagus nerve will activate specific neuronal ensembles in the brain. To label neuronal
populations activated in response to TRPAL signaling, we generated Targeted Recombination-in
Active Populations (TRAP2)-tdTomato mice by crossing TRAP2 mice with a Cre-dependent
tdTomato reporter line. When exposed to 4-hydroxytamoxifen, active neurons persistently
express fluorescent protein tdTomato. Vagus TRPA1 fibers were activated by opto-
pharmacological stimulation with optovin + 405 nm light, and the brain was assessed for
tdTomato expression. tdTomato+ cells were normalized to cells stained for NeuN+ within the
same brain region, and the optovin-stimulated groups (n=9) were compared to sham-stimulated
control groups (n=8) by utilizing the QUINT pipeline linked to the 2017 3D Allen Brain Atlas.



The QUINT pipeline is comprised of QuickNii (for 3D brain atlasing), Nutil (compilation and
analysis tool), and llastik (training-based segmentation tool). The groups were analyzed using
three custom brain region filters: higher hierarchical brain regions (n=44), TRPA1-associated
brain regions (n=13), and brain regions associated with vagus TRPAL stimulation (n=8). Within
brain regions associated with vagus TRPA1 stimulation, two-way ANOVA revealed significant
differences between treatment groups (p=0.0019) and activated brain regions (p<0.0001). We
observed increased brain activity in the following regions: the paraventricular nucleus of the
hypothalamus (23%), locus coeruleus (16%), and parabrachial nucleus (9%). These results
provide a novel and low-tech methodology of combining TRAP2 and QUINT to screen for
activation of brain neurons in response to vagus TRPA1 signals. The expression of tdTomato -
expressing neurons was validated by manual cell count of the paraventricular nucleus of the
hypothalamus using confocal microscopy (<20% percent error). Together, these findings indicate
that specific vagus TRPAL nociceptors induce specific brain neuron activity that can be
identified using this QUINT strategy.
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Abstract: The glymphatic system is the brain’s waste clearance system which is most active
during sleep. Astroglia, through their aquaporin-4 water channels, play an important role in the
glymphatic system by facilitating the exchange of interstitial fluid (ISF) and cerebrospinal fluid
(CSF). Previous studies show that astroglia swell in response to high extracellular K* by
uptaking it through Sodium Potassium Chloride Cotransporter 1 (NKCC1). Collectively, these
studies lend support to glial swelling during high activity (high extracellular potassium).
Previous studies also show that the extracellular space expands when transitioning from
wakefulness to sleep. The goal of our study was to assess the possibility of activity dependent
glia shrinkage during sleep to enable the extracellular expansion, thus resulting in less resistance
for the CSF flow. We assessed the volume changes in neuronal, glial, and extracellular space
during wakefulness, light sleep (stage N1), and deep sleep (stage N3). We utilized an existing
model of neural dynamics, with the additional implementation of NKCC1 for glial dynamics. We
drove our neuronal model to generate action potentials at frequencies equivalent to those seen in



natural wake/sleep cycles and looked for the corresponding volume changes, and concentrations
of extracellular K*. Our findings indicate that neurons and glia decrease in volume when
transitioning from light to deep sleep. The results also suggest that the concentration of the
extracellular K* is higher during wakefulness compared to deep sleep and the volume of the
extracellular space increases during sleep and decreases during wakefulness. Collectively, our
findings suggest that both neurons and glia shrink in response to reduced activity and may
compensate for the expansion of extracellular space during sleep.
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Abstract: Neurons and neuronal networks in cultured neuronal tissues are often seen to generate
spontaneous activity (SA). This activity can consist of both uncoordinated random firing or can
be coordinated into bursts or oscillatory-like activity. The underlying nature of this activity in
organotypic cultures of human spinal cord (hSC) slices has not been explored. Therefore, using
calcium imaging and pharmacological agents, we sought to gain an understanding of the
underlying mechanisms of this SA occurring in the superficial dorsal horn of these cultures. We
then sought to determine if this preparation could provide insight into CNS-induced side effects
of various centrally active drugs by comparing the inhibition of spontaneous activity in slices to
free (unbound) therapeutic plasma concentrations (FTPC). hSCs obtained from consenting organ
donors were prepared as 400 um transverse slices and placed in culture. Slices were loaded with
Fluo-8 AM and imaged at 2 Hz in a flowing bath chamber. A typical experiment consisted of 10
min of vehicle baseline, followed by 5 min of drug perfusion, followed by 10 min of data
acquisition. This is repeated for each drug / concentration. SA in these slices was persistent and
the frequency stable for up to 20 days in culture. Bath application of TTX (1 uM) inhibited the
vast majority of the SA indicating a voltage-gated sodium channel component to the calcium
signal. Co-application of AMPAR antagonist CNQX (10 uM) and the NMDAR antagonist APV
(100 uM) also abolished the SA. Strychnine (10 pM) and picrotoxin (100 uM) increased SA.
These latter results suggest the SA was driven by glutamatergic inputs and was inhibited by both
GABA and glycine releasing synaptic inputs. Next we used a group of sodium channel
modulators (carbamazepine, lacosamide, and mexiletine) that are known to have CNS-related
side effects (including dizziness, nausea, mood swings and depression) at their FTPC. We also



included vixotrigine - a newer sodium channel modulator with less CNS side effects. SA was
reduced by all compounds in a concentration-dependent manner. Carbamazepine, lacosamide
and mexiletine had values fall within their respective FTPC ranges. Conversely, the SA ICso for
vixotrigine was right-shifted relative to its FTPC range, in agreement with prior studies
indicating that it is a well-tolerated drug. In conclusion, these initial data indicate that SA can be
reliably measured in adult human CNS tissue up to 3 weeks in vitro and that organotypic hSC
slice cultures can provide a valuable translational tool for the evaluation of the safety and
possible efficacy of novel CNS drug candidates.
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mice
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Abstract: Alzheimer’s disease (AD) is a progressive form of dementia associated with loss of
dendritic spines and F-actin from synapses, leading to memory deficit and cognitive impairment.
Actin has significant functions in establishment and maintenance of synapses including post
synaptic density organization, vesicle trafficking, anchoring of post synaptic receptors, and
translational machinery. Proteomic analysis of actin interacting proteins in the synaptosomes
isolated from 6 month old wildtype and APP/PS1 mice showed that the protein post synaptic
density-95 (PSD- 95) interact with actin. PSD-95 is a major scaffolding protein enriched at the
glutamatergic synapse where it acts as a potent regulator of synaptic strength and plasticity.
However the dynamics of PSD-95-actin interaction at the synapse remains unclear. Therefore,
we tried to investigate the critical role of PSD-95 association at the synapse with actin, AMPA
and NMDA receptors using APP/PS1 mice. We have isolated synaptosomes from WT and
APP/PS1 mice and performed immunoprecipitation studies to determine the association of PSD-
95 with actin. PSD-95 association is detected with actin in synaptosomes isolated from
adolescent and middle aged WT and APP/PS1 mouse brain cortex. We found that PSD95-actin
association is significantly decreased in middle aged APP/PS1 mice compared with WT while it



remains unaffected in the F-actin fraction of synaptosomes in APP/PS1 mice. In order to
determine whether F-actin plays a role at the synapse, we injected actin stabilizing agent in mice
and found that the intrathecal injection of jasplakinolide rescued the fear memory, restored the
reduced association and synaptic F-actin levels in APP/PS1 mice. The association of PSD-95
with both AMPAR and NMDAR subunits were also detected and the association with only
GluAl subunit is affected in middle aged APP/PS1 mice. Interestingly, interaction of NMDAR
subunits (GIuN1 and GIuN2B) with PSD-95 is greatly enhanced at adolescent APP/PS1 mice
even though these subunit protein levels are significantly diminished. Thus, our results suggest
an essential role of PSD-95 as a crosstalk between glutamatergic receptors and F-actin. We
conclude that altered PSD-95 - actin interaction may have critical implications in glutamatergic
neurotransmission, synaptic strength and plasticity in AD.
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Abstract: Neural information processing is highly affected by behavioral states. At the brain
level, behavioral states are associated with distinct cortical activity patterns (or cortical states).
Over the past decade, it has been established that changes in pupil size can accurately track
neuronal spiking throughout the brain. In rodents, the animal’s facial motion has also been
shown to accurately follow the brain’s spontaneous activity. Here, we set out to determine which
one of these indicators (facial motion energy or pupil size) more timely reflects the arousal state.
We recorded the spiking activity of neurons in mice V1 with multi-site linear probes alongside
the pupil size and facial motion (n=14). Both at the single-cell level and with population
decoding, we observed that the pupil size is 1 second delayed relative to neural spiking in mice
V1, whereas facial motion energy is more synchronously predicted by neural activity. We used
linear regression and recurrent neural networks for decoding facial motion energy from
population spiking. The performance of these two models was comparable in decoding facial
motion energy, suggesting a linear relation between facial motion energy and neural activity at
the population level. We then used Partial Least Square (PLS) regression to identify the number
of dimensions in spiking activity that contributes to the decoding of facial motion energy. We
observed that with two dimensions, PLS has the best performance in predicting facial motion



energy, which suggests that the neural correlate of facial motion energy is two-dimensional.
Intriguingly, these two dimensions characterize the predictability of facial motion energy by each
neuron’s activity, as we found out that the contribution of each neuron to each of these two
dimensions reflects, respectively, the magnitude and delay of correlation between spiking of that
neuron and the facial motion energy. Finally, in terms of spiking activity at single neuron level,
some cells are following the facial motion energy while others are temporally ahead of it; the
peak of correlation between spiking activity of single neurons and facial motion energy can
happen with a delay up to £500ms. In summary, our study shows that compared to pupil size,
facial motion energy is a temporally-more-accurate predictor of spontaneous cortical activity, it
is represented by two dimensions in population spiking activity, and the time difference of
spiking activity of single neurons with facial motion can span up to £500ms.
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Abstract: lt&Human stem cell-derived brain organoids are self-organizing three-dimensional
tissue models which offer unprecedented access to developing human neural tissues. Recent
work in brain organoid electrophysiology demonstrates the emergence of coordinated neural
activity patterns. However, there remain technical challenges in characterizing the activity.
Organoids typically develop under metabolic stress due to greatly varying nutrient, dissolved
gas, pH, and toxin concentration cycles from conventional, pipette media changes. Consistent
nutrient levels are especially critical for neural tissue, which has the highest metabolic
requirements in the body. We present an automated fluidic platform for high-density CMOS



multielectrode arrays. The platform sustains the organoids through regular, frequent feeding
intervals, over a long period of time with minimal perturbation. The design is compatible with
MaxWell Biosystems MaxOne HD-MEA wells but can be adapted to fit other electrophysiology
arrays. The device uses off-the-shelf microfluidics equipment and 3D printed components to be
reproducible. The user can set feeding intervals and volumes through a user-friendly interface,
allowing the system to run longitudinal experiments spanning multiple days. The proposed
system better recapitulates the primary, in vivo environment to facilitate greater health and
consistency for developing neurons while minimizing the amount of manual manipulation by
researchers.&gt
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Title: Inhibitory control of network dynamics revealed through large-scale validated cell-type-
specific recordings
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Abstract: The ability of brain networks to process information depends on the connectivity and
functional coupling between distinct subpopulations. In the prefrontal cortex (PFC), an elaborate
repertoire of computations arises from the interaction of single excitatory (E) and inhibitory (1)
neurons. It remains unclear, however, how defined subpopulations modulate activity dynamics in
the surrounding network. To examine the contribution of different neuronal subtypes to cortical
dynamics, we recorded and stimulated spiking activity in acute slices of PFC using high-density
multi-electrode arrays containing 4096 closely spaced electrodes. To parse out the contribution
of distinct cell types, we developed a spike sorting technique utilizing waveform kinetics and
spline interpolation to distinguish putative regular-spiking excitatory neurons from fast-spiking
inhibitory interneurons. We validated this classification using a combination of optogenetic and
pharmacological strategies. Using a sequential pharmacological approach, we systematically
tested the contribution of connections between distinct subpopulations to the activity patterns of



each cell type. In intact networks, surprisingly, optogenetically activating parvalbumin (PV)
neurons had no effect on their firing rate. However, with GABAergic and glutamatergic
transmission blocked, activating PV neurons reliably increased their firing rate, indicating
counterintuitive dynamics in intact networks. To further investigate how coupling between
distinct populations was affected by inhibitory drive, we analyzed the effect of targeted
inhibition on pairwise correlations. In intact networks, consistent with predictions from past
theoretical work, we found that PV stimulation led to a decrease in E to E correlations. Our
framework offers a platform to investigate cell-type-specific neuronal dynamics in high-density
circuits. Together, our results provide insights on how complex connectivity motifs can affect
respective E and I cell population activity.
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Abstract: Novel techniquefor constructing small neuronal networks inculturelnoptical
interrogations of neuronal networks, e.g. calcium imaging, voltage-sensitivedye imaging, etc.,
the size of the network is oftensignificantly larger thanthe imagingfield-of-view (FOV), making
it difficult toperform precise investigations of global networkproperties. Typically, many
datasamples must be included inorder todraw meaningfulconclusions. Toovercome this
limitation, we developed anovel technique toeasily andefficiently construct small networks
consisting of about 600-1200neurons withinl-um diametercircular area.This technique is based
onspatially limiting the applicationof poly-L-lysine hydrobromide(PLL), aproteinneeded for
neuronal adhesiontoculturing substrates like glass. This ideahasbeenpursued by other authors
inprevious works (Yamamotoet al. 2016, Tibau et al. 2020). Inthis work, we used 0.002in. thick
silicone membranes tocreate amask inorder tolimit PLLcoating. A 3x3array of 1-um diameter
holes were punched through the membrane using acustom built “cookie cutter’type tool. This
cutter consisted of sharpened stainless steel tubesattached toa3D-printed holder. The mask was
placed over 12-mm diam. glass coverslip, whichwas thencoated with PLL and subsequently
seeded with plating medium. After afew days, themask was removed and neurons were only
observed withinthe circular regions throughout thefollowing weeks.Neuronal networks of
varying densities were cultured and their network properties andactivities were probed. We used
Ca?* fluorescent imaging torecord the activity of networks overan8-day period. We alsoused
laser scanning photostimulationtomeasure the correspondingfunctional connectivity (Nguyenet



al. 2017)from which network properties were determined. Wediscuss the conclusions drawnfrom
these dataas well as the feasibility of producing smallnetworks in-bulk for investigating the role
connectivity plays insynchronized network bursting.ReferencesYamamoto, Hideaki, et al. Size-
dependent regulationof synchronized activity inliving neuronalnetworks. Physical Review E94,
012407(2016).Tibau, Elisenda, et al. Neuronal spatial arrangement shapes effective connectivity
traits of invitrocortical networks. IEEETransactions onNetwork ScienceandEngineering7,435-
448(2018).Nguyen, TuanD., et al. Mapping functional connectivity of bursting neuronal
networks. AppliedNetwork Science2, 1-10(2017).
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Abstract: Exercise is a key component to health and wellness and is thought to play an
importantrole in brain activity. Changes in brain activity after exercise have been observed
through various neuroimaging techniques, such as functional magnetic resonance imaging
(FMRI) and positron emission tomography (PET). The precise impact of exercise on brain
glucose metabolism (BGIuM) is still unclear; however, results from PET studies seem to indicate
an increase in regional metabolism in areas related to cognition and memory, direction, drive,
motor functions, perception, and somatosensory areas in humans. Using PET and the glucose
analog [18F]-Fluorodeoxyglucose (18F-FDG), we assessed the changes in BGluM between
sedentary and chronic exercise in rats. Chronic treadmill exercise treatment demonstrated a
significant increase in BGIuM activity in the following brain regions: the caudate putamen
(striatum), external capsule, internal capsule, deep cerebellar white matter, primary auditory
cortex, forceps major of the corpus callosum, postsubiculum, subiculum transition area, and the
central nucleus of the inferior colliculus. These brain regions are functionally associated with
auditory processing, memory, motor function, and motivated behavior. Therefore, chronic daily
treadmill running in rats stimulates BGIuM in distinct brain regions. This identified functional
circuit provides a map of brain regions for future molecular assessment which will help us
understand the biomarkers involved in specific brain regions following exercise training, as this
is critical in exploring the therapeutic potential of exercise in the treatment of neurodegenerative
disease, traumatic brain injury, and addiction.
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Abstract: The prefrontal cortex (PFC) is crucial for cognitive functions such as working
memory, rule-based decision making, and goal-directed behavior. To achieve these demanding
tasks, the PFC communicates with many cortical areas. Theory suggests that such network
communication might be optimized when networks establish critical dynamics. Here we studied
whether PFC exhibits criticality in the form of neuronal avalanches and whether avalanche
dynamics remain stable across behavioral states that are known to elicit large fluctuations in
neuronal firing rate. We transfected adult mice (N=3; >P35; C57BL/6) with a nonspecific viral
vector to express the red-shifted JRGECO1a in PFC neurons. A dorsal cranial window was
combined with a microprism to record across the midline in the contralateral medial PFC and
anterior cingulate cortex. After recovery, mice were head-fixed on a running wheel and we used
2-photon imaging (2P1) to record simultaneously from >200 neurons in layer 2/3 of PFC. We
recorded continuously behavioral states of quiet resting and self-initiated locomotion for periods
of 30 min (N=11) over multiple recording sessions. The arousal state of the animal was tracked
using pupillometry. Raw 2Pl movies were motion corrected, denoised, cell segmented, and
subsequent neuropil subtracted fluorescence traces were deconvolved to obtain spiking
probabilities. The rotational speed of the wheel was converted to linear speed and thresholded to
obtain epochs of locomotion and quiet resting. The time course of pupil dilation and constriction
was extracted from movies, z-scored, and thresholded. We found that pupil diameter correlated
with running speed (0.27+0.14 (meanzstd)). Pupil sizes correlated with firing rates across states
(rest 0.47£0.24Hz, locomotion 0.62+0.40Hz; constriction 0.50+0.20Hz, dilation 0.53+0.24Hz).
Neuronal cross-correlations remained unchanged between behavioral states (rest 0.03+0.03,
locomotion 0.03+0.03; constriction 0.03+£0.03, dilation 0.03+0.02). Despite these changes in the
first and second order of neuronal firing, avalanche dynamics was maintained for each
behavioral state and level of arousal as indicated by their power laws in avalanche size and
duration distributions as well as scaling in mean avalanche size vs. duration with an exponent
close to 2 (rest 1.8+0.1, locomotion 1.8+0.1; constriction 1.8+0.1, dilation 1.7+0.1). Our results



demonstrate stable neuronal avalanche dynamics in PFC during diverse behavior and arousal
states which may support optimal information transmission in frontal networks.
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and the nucleus of the solitary tract
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Abstract: Orexinergic drive is highest in the active phase of the circadian cycle. Previously we
showed that orexin contributes to the peripheral chemoreflex (PCR)-mediated hypoxic
ventilatory response (HVR), especially in the active phase. This effect was associated with
increased Fos-immunoreactivity (IR) in orexin neurons (indicating activation). Orexin neurons
project to the paraventricular nucleus of the hypothalamus (PVN) and nucleus of the solitary
tract (nTS), two nuclei integral to the HVR. Many PVN neurons with projections to the nTS are
activated by acute hypoxia (Hx), and a majority of these are also immunoreactive (IR) for
corticotropin-releasing hormone (CRH). Whether orexin neurons facilitate the HVR through an
excitatory action on CRH neurons in the PVN and/or the nTS is unknown. Here we hypothesized
that hypoxia activates orexin neurons that project to the PVN, and that orexin facilitates the
hypoxia-induced activation of CRH neurons and neurons in the nTS. To test these hypotheses,
we performed bilaterally microinjection of fluorescent retrobeads into the PVN to label
projecting orexin neurons. Male Sprague Dawley rats (age 3-4 months) were exposed to hypoxia
(Flo2=0.11; n=4) or normoxia (Flo2=0.21; n=4) for 2 hrs in the active phase.
Immunohistochemistry (IHC) was performed to quantify the number of Fos-IR orexin neurons
also labeled with retrobeads. In separate experiments, rats were exposed to hypoxia (n=4), or
normoxia (n=4), in the active phase, with or without the dual orexin receptor antagonist,
suvorexant (20 mg/kg). IHC was performed to quantify the activation (i.e., Fos-IR) of CRH
neurons in the PVN and nTS neurons. Compared to rats exposed to normoxia, hypoxia increased
the number of activated PVVN-projecting orexin neurons by 35 % (O2 level: p=0.0015). OxR
blockade significantly reduced the number of activated CRH neurons in the PVN (by ~54%);
drug: p=0.0041), and nTS neurons (by ~50%; drug x O level: p=0.033). These data suggest that



orexin facilitates the PCR via a neural circuit that includes CRH neurons in the PVN and the nTS
neurons.
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Title: Inhibitory connectome of the claustrum

Authors: *M. GRAF, G. J. AUGUSTINE;
Lee Kong Chian Sch. of Med., Singapore, Singapore

Abstract: Little is known about the local circuitry of the claustrum, the most highly
interconnected part of the brain. We have filled this gap by characterizing the claustral inhibitory
connectome. Optogenetics and whole-cell patch clamp recordings were combined in brain slices
to examine inhibitory synaptic responses to photostimulation of parvalbumin (PV), somatostatin
(SST) and vasoactive-intestinal peptide (VIP) interneurons (INs). By using optogenetics-based
circuit mapping, we defined the connectivity and 2-dimensional spatial organization of local
circuits (Cell. Rep. 7:1601). PV-IN and SST-IN connections onto claustral projection neurons
(PNs) had broader input areas, greater convergence and generated larger inhibitory postsynaptic
currents (IPSCs) than connections with other claustral INs. The converse was true for VIP-INs:
their connections onto INs had larger input areas, convergence numbers and IPSCs compared to
their connections with PNs. Thus, PV-INs and SST-INs preferentially target claustrum projection
neurons, while VIP-INs preferentially target other INs. By comparing responses to wide-field
photostimulation and small laser spots, it was possible to obtain information about the 3-
dimensional organization of the inhibitory circuits. With this approach, we found that PV-INs
connect only locally to neighboring neurons, while VIP-INs connect to both local and more
distant targets. Our results indicate that (1) the claustrum uses inhibitory motifs identical to those
found in other brain areas, and (2) the 3-dimensional spatial organization of claustrum inhibitory
circuits depends upon the presynaptic IN type. Lastly, based on the spatial architecture and
preferential connectivity of VIP-INs and PV-INSs, these IN types could play contrasting roles in
claustral signal processing. VIP-INs may use their widespread disinhibitory connections to act as
a general on/off switch for claustrum inputs, while PV-INs may use distance-dependent
inhibition and disinhibition to improve input-specific signal processing and noise filtering. Our
study greatly expands knowledge of claustral inhibitory circuitry and suggests novel roles for the
claustrum in higher-order brain signalling.
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Title: Using machine learning to study the information encoded in visually evoked neuronal
avalanches
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Abstract: Deciphering how visual information is encoded in spatiotemporal patterns of neural
activity has been a long-standing question in neuroscience. It is well accepted that stimulus
information is distributed over many neurons with contributions from selective inputs as well as
intrinsic network dynamics. Besides the high dimensionality in the representation of a given
stimulus, over many neurons, the response selectivity of single cortical neurons is in addition
highly nonlinear, and hence simple models perform poorly in predicting the encoding and
stimulus properties. Here, we show that machine-learning using the responses of many neurons
classifies neuronal avalanche responses elicited by visual stimuli in the primary visual cortex
(V1) of awake mice. We recorded such responses to semi-randomly presented drifting Gabor
gradings (1 s, 8 directions, 8 s interstimulus interval) using 2-photon imaging (2PI) of ~150 - 250
pyramidal neurons in the V1 of quietly resting mice (~125 stimuli/session; n = 3 mice). To
extract the coding information, we use a prediction framework, utilizing deep neural networks
and random forests. We establish a hierarchy among the neuronal cells using the direction and
orientation selectivity indices (DSI, and OSI, respectively), as well as using a linear discriminant
analysis (LDA) framework that we used to select the most discriminant cells. Using only 10%-
30% of the highest selective cells greatly improves the overall predictability, increasing from
~50% (random guessing is at 12.5%), when full responses of all neurons are analyzed, to ~70%
when using highly selective neurons based on DSI and OSI, and >80% when the select groups
were based on LDA. A time window of ~250 ms carries most information about the stimulus,
with information preserved for many seconds, before the presentation of the next stimulus. We
present our results in the context of long-range spatial and temporal correlations present in
critical neural networks that display avalanche dynamics.
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Abstract: Direct cortical stimulation holds the potential to treat a range of neuropsychiatric
disorders in which the connectivity of distributed networks functions abnormally. Mapping
cortico-cortical evoked potentials (CCEPSs) in response to direct electrical brain stimulation
provides powerful insight into the organization of cortical networks. Despite many advances in
quantifying cortical networks with CCEPs, the timing, direction, and magnitude of the responses
are not fully understood. To better elucidate the relationship between CCEPs and cortical
networks, we collected human electrocorticographic recordings from neurosurgical epilepsy
patients while delivering single pulses of stimulation. We then created a directed adjacency
matrix based on which electrodes responded. Next, we built directed functional adjacency
matrices from at-rest data collected at least 12 hours separated from the stimulation session. We
demonstrate that the estimated functional connections significantly overlap with the CCEPs and
vice versa. Notably, one technique used to generate the functional adjacency matrices was able to
capture the directionality of the connections while another technique predicted the onset and
magnitude of the CCEPs. Using different metrics to predict the direction, timing, and magnitude
of CCEPs is impactful as it provides new insights and tools for analyzing cortical networks.
These results will enable more precise predictions of the responses to electrical brain stimulation
furthering the development of targeted stimulation therapies.
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Title: Prediction in in-vitro neural networks, and its link to memory

Authors: M. LAMBERTI?, S. TRIPATHI?, S. MARZENS?, *J. LE FEBER?;
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Abstract: Several studies have suggested that memory and prediction are crucial neuronal
functions that direct our actions and may be general features of neuronal networks. When an
external input is perceived, its immediate registration is observed as short lasting activity
changes, which can be seen as short-term memory (time scale of seconds), whereas long-term
memory refers to activity or connectivity changes on a time scale of minutes to hours. Prediction
can be defined as the ability to reduce uncertainty on future sensory input, and has been shown to
critically depend on memory, particularly on the registration of recent sensory input. Recent
work showed that retinal cells predict visual stimuli, but no proof has been provided yet that
prediction is a general capability of neuronal networks. Here, we determined whether in vitro
neural networks can predict external stimuli, and how prediction depends on (short-term and
long-term) memory. We used rat primary cortical neurons plated on multi electrodes arrays
(MEAs) with 59 recording electrodes. We subjected them to 20 hours of either electrical (10
cultures) or light (10 cultures) stimulation using interstimulus intervals (ISIs) taken from a
known distribution. Repeated electrical stimulation at one electrode has been shown to induce
long-term memory traces within one or a few hours, which can be detected as connectivity
changes. In contrast, light stimulation did not induce significant long-term connectivity changes.
We used mutual information to quantify to what extent recorded activity reduced the uncertainty
on future stimuli (Mlsutwre; prediction), or recent past stimuli (Mlpast; Short-term memory).
Activity provided significant information on past stimulation, indicating that stimulus responses
clearly deviated from spontaneous activity. Mlsuwre reflected the distribution of ISIs, suggesting
that it largely depended on these stimulus responses. In agreement with this notion, masking of
stimulus responses largely reduced Mlsuture. Mlfuture almost linearly depended on Mipast
throughout 20h of stimulation. However, during electrical (but not optogenetic) stimulation this
dependency on short-term memory decreased with time, suggesting that other features gradually
took over. Optogenetic stimulation did not induce long-term memory traces and showed
unchanged dependency of Mlsyture 0N Mlpast, Suggesting long-term memory as a plausible
candidate. We conclude that random neuronal networks are able to predict future stimuli,
predominantly based on short-term memory of past stimuli. With the induction of long term
memory traces, the dependency on short-term memory becomes less dominant.
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Title: Synchronized inter-hemispheric neuronal avalanches at cellular resolution
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Abstract: At the core of neuronal avalanche dynamics, i.e., critical dynamics, lies the scale-
invariant organization of many observable variables linked to cortex functions. Yet, this scale-
invariant dynamics is not without its limitations, with most evidence of criticality in the brain
exhibiting finite-size effects in scaling introduced by the limited size of our recording windows
into the brain. Critical dynamics has been supported by results on a larger scale, i.e., the inter-
areal scale, using e.g., MEG or fMRI research in humans. There is, however, limited evidence of
neuronal avalanche dynamics on inter-areal level with cellular resolution. To overcome these
limitations, in here we employ a Multiphoton Mesoscope (Thorlabs Inc.) to investigate inter-
areal cortical functioning in rodent animal models. Specifically, we compared avalanche activity
across hemispheres and studied synchronization of these spatio-temporal bursts of activity. We
used Thy1 transgenic mice with global GCaMP6s expression. After a craniotomy procedure, a
chronic 5-mm window was placed approximately on the midline. After a week of recovery, the
animal was positioned on a running wheel with the head fixed under the Mesoscope. We
simultaneously recorded from two homologue areas of ~450 um x 450 um on either side of the
cortical midline using 2-photon imaging. Using an extra set of scanners, the Mesoscope is able to
simultaneously image two planes from two inter-hemispheric field-of-views with a framerate of
~20 Hz. Simultaneous ongoing activity of the two hemispheres was recorded together with the
mouse speed. After motion correction, 2-photon images passed through a machine learning based
deep-interpolation technique to enhance signal-to-noise ratio (Deeplnterpolation). Acquired
calcium traces were deconvolved (MLspike) and the extracted spiking activity was used to
compute neuronal avalanches, defined as periods of suprathreshold population activity. We
observed synchronous, highly correlated activity within each hemisphere, as well as inter-
hemispheric highly correlated cells. For each hemisphere, avalanche sizes and durations
distributed as power laws. A power-law size-duration scaling relationship of exponent 2 was
observed, as predicted for critical brain dynamics, together with parabolic avalanche shapes.
When comparing the time series of avalanche propagation across the two hemispheres, very high
correlation (~0.8) was present with zero lag, indicating co-propagation of population wide
activity within our temporal resolution of ~50 ms. Our results suggest avalanche dynamics is
coordinated across hemispheres and maintained near a critical phase transition.
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Title: Serotonergic versus noradrenergic control of pupil-linked arousal
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Abstract: The brain’s arousal state profoundly shapes cortical computations underlying
perception, memory, and decision-making. Non-luminance mediated variation of pupil size is an
established peripheral proxy of central arousal state. Works in rodents, monkeys, and humans
have established a link between pupil dynamics and the activity of the locus coeruleus (LC)
noradrenergic (NA) and cholinergic basal forebrain systems. More recent evidence has begun to
also implicate other neuromodulatory systems, such as hypothalamic orexin neurons and the
serotonergic (5-HT) system of the dorsal raphe nucleus (DRN). The interpretation of these
findings is complicated by the fact that different neuromodulatory populations tend to co-activate
and brainstem nuclei often contain a mixture of neurons releasing distinct neurotransmitters. The
present study had two aims: (1) to compare the pupil-linked arousal regulation by DRN-5HT and
LC-NA systems; and (2) to determine whether the DRN-5HT regulation of pupil-linked arousal
is direct or mediated by DRN-effects on the LC. To do so, we selectively manipulated and read-
out DRN-5HT and LC-NA systems in the same animals thanks to a multiplexed genetic targeting
approach. This strategy enables expression of optogenetic actuators and calcium activity
indicators in various combinations. We observed that population activity in LC-NA and DRN-
5HT, simultaneously recorded, both predicted pupil size but with different latencies, with pupil-
predictive activity of LC-NA population occurring earlier than DRN-5HT population.
Optogenetic activation of both populations induced pupil dilations but with smaller, more
transient and more variable amplitude for DRN-5HT. Importantly, recording of LC-NA during
DRN-5HT activation demonstrated a small yet reproducible increase in LC-NA activity
preceding pupil dilation. However, pilot results of an experiment inhibiting LC during DRN
activation suggest that DRN-induced pupil dilations remain unchanged upon LC silencing.
Taken together, our results indicate that DRN-5HT also contributes to the control of pupil-linked
arousal. The DRN-5HT control is however qualitatively distinct from the LC-NA control in
several aspects. Strikingly, DRN-5HT control of pupil-linked arousal seems to occur, at least in
part, independently of the LC-NA system.
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Abstract: In recent years, several attempts for medical technology using cells derived from
different species of animals have been reported. It is important to confirm functional connectivity
of the synaptic transmission between neuronal cells derived from different species for control of
the planted neuronal system. In this study, we developed a heterogeneous neuronal network
derived from chick and rat cerebrum cultured on a multi-electrodes-array-dish and elucidated of
signal transduction between neurons from both species by combination of simultaneous Ca?*
imaging and measurement of spontaneous network activity. We defined a region of interest
(ROI) in the Ca?* imaging area and detected the peak time of the luminance values in the region.
Simultaneously, the burst activities were detected the method with X-means clustering. The peak
time stamps of the luminance of the ROIs were compared with the burst time stamps of all the
electrodes, and the pair of a certain ROI and an electrode with the smallest time difference was
identified as the same signals source. Then the chick cells were identified by superimposing the
image of cells vitally stained with PKH26 and the image of ROIs. As a result, even yet
preliminary data, the spontaneous electrical activity was synchronized between the neuron pair
derived from chick and rat, indicated by correlation of burst timings in chick and rat neurons.
The cultured chimera neuronal network contains not only neurons, but also glial cells derived
from both chick and rat. We analyzed the effects of each glial cell derived from both species on
spontaneous neuronal activity. We provided 4 types of cultured chimera neuronal networks
combining glial cells and neurons, derived from chick and rat cerebrum, and analyzed
spontaneous activity in these cultured neuronal networks. The results showed that the period with
spontaneous electrical activity elongated in chick neuronal networks on the sheet of rat glial
cells, while rat neurons on chick glial cells expressed the critical loss of activity much earlier.
These results suggests that glial cells critically influenced on electrical network activity of
neurons derived from other species.
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Abstract: We studied the correlation between the processes of hydropic dystrophy and the
reorganization of neurons, gliocytes, and synaptic terminals in layers I, I1l and V of the sensori-
motor cortex (SMC) of rats Wistar after prolonged incomplete cerebral ischemia. Ischemia was
modeled in rats rats (n=36) by bilateral ligation of the common carotid arteries (LCCA). Animals
without LCCA served as controls (n=6). At 1, 3, 7, 14 and 30 days after LCCA, the brain was
fixed by perfusion of the fixative mixture through the aorta. For comparative morphometric
evaluation of the layers I, 111 and V SMC were stained according to Nissl stain and hematoxylin-
eosin for light microscopy. Primary antibodies to neuron NSE, glial GFAP, synaptophysin p38
and microglia IBA1 were used for immunofluorescence examination. Using plugins of the
ImageJ 1.53 program, the numerical density of neurons, astrocytes, microgliocytes, and
oligodendrocytes, the content of normo-, hypo-, and hyperchromic neurons, and the relative area
of edema/swelling zones and terminals in the neuropil were determined. Statistical analysis was
performed using non-parametric methods. After LCCA, destructive, compensatory-restorative
changes in neurons, glial cells, and structures of interneuronal communication were revealed in
SMC. Significant differences of all the studied morphometric parameters between the terms in
the SMC layers were noted. For example, during the period of the strongest correlations between
variables (3 days) in layer I, a change in the area of edema-swelling zones by 1% led to a change
in the area of terminals by 0.57%, in layer 11l - by 0.31%, in layer V - by 0.72%. At the same
time, the coefficient of determination of the models was 34% (p=0.02), 72% (p=0.03) and 80%
(p=0.01). Consequently, in layer I, only 34% of the area of edema-swelling zones could be
explained by changes in the terminals, and 66% were due to hydropic changes in the processes of
astrocytes and small dendrites. In layers Il and V, significantly more terminals changed in this
way: 72 and 80%. We attribute this to the fact that layer I contains more processes of fibrous
astrocytes, which provide water reabsorption from the edematous terminals, preventing their
irreversible death by the light type of destruction. At the same time, in layer 111, after 3 days,
these mechanisms probably failed, followed by the destruction of the terminals, and in layer V,
compensatory hypertrophy of the terminals prevailed. The results obtained demonstrate the
pleiotropy of hydropic changes: on the one hand, manifestations of dystrophy, on the other hand,
a necessary condition for the rehabilitation of ischemically altered nervous tissue.
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Abstract: The Cardiff-Takeda Drug Discovery Collaboration is tasked with finding new,
genomically-informed, targets for brain disorders. As part of efforts to identify novel
mechanisms impacting on synaptic function we have been focusing on the BTN3A sub-family of
immunoglobulins. There are three closely related isoforms in the sub-family, BTN3A1, BTN3A2
and BTN3A3 all found in the human MHC region on chromosome 6. Variation in this region of
the human genome is strongly linked with risk for psychopathology and BTN3A2 variants
specifically have been associated with risk for schizophrenia. In this work we present data
showing that antibodies interacting with the BTN3A immunoglobulins influence synaptic
function in human neurons. For the experiments we used two anti-BTN3A monoclonal
antibodies (mADbs); 20.1 mAb and mAb 103.2., developed originally for the manipulation of
Vy9V62 T-cell function. mAb 20.1 was shown to promote Vy9V52 T-cell-mediated function,
hence was described as ‘excitatory’ while mAb 103.2 was shown to inhibit Vy9V2 T-cell-
mediated function, hence described as ‘inhibitory’. We assessed the effects of these two
functional antibodies on human induced pluripotent stem cell (IBJ4 cell line) derived neurons
grown in culture and then plated on to a multi-electrode array system. Following the
establishment of stable synchronous activity patterns, neurons on MEAs were incubated with
10ug/ml inhibitory antibody and their activity monitored over 30min, 6hr and 24h. The
inhibitory antibody led to a reduction in synchronous activity over time, culminating in a
cessation of synchronous activity after 24h of incubation. These effects were reversable after
washout and were specific to the disruption of synchronous activity, viz the neurons were able to
generate action potentials but not in a co-ordinated way. 10ug/ml excitatory antibody had
different effects dependent on the maturity of the neurons and the duration of antibody
administration. An increase in synchrony was seen in less mature neurons with shorter
administrations, whereas longer administrations in more mature neurons led to variable effects,
encompassing increases, null, and rarely a reduction in synchrony seen in longer (72hr)
incubations. Again, these effects were specific to synchronous activity but in contrast to the
inhibitory antibody the effects were only partially reversable on washout. These data are the first
demonstration of a role for BTN3A immunoglobulins in regulating the coordinated activity of



human neurons, they indicate a novel mechanism of potential relevance to synaptopathies such
as schizophrenia, and offer new routes for drug discovery.
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Abstract: GABA neuron dysfunction is broadly implicated in neurological disorders. Different
types of GABA neurons participate in distinct roles throughout the brain and specialize to meet
specific neural circuit needs. However, the study of GABA neuron diversity is still young.
Therefore, it is imperative to define the roles of specialized GABA neurons to better understand
how GABA neuron dysfunction contributes to neurological disorders. Here, we identify a novel
group of GABA neurons defined by expression of the synaptic cell adhesion protein, Kirrel3.
Kirrel3-expressing GABA (Kirrel3-GABA) neurons comprise about 20% of all GABA neurons
in the hippocampus but they do not fit into any commonly studied GABA neuron subtype. Thus,
Kirrel3-GABA neurons are a unique group of inhibitory neurons whose function in learning and
memory is unknown. Our lab previously discovered that, in the hippocampus, Kirrel3 protein is
necessary for the formation of a specific type of excitatory synapse from dentate granule cells to
GABA neurons in area CA3 (the mossy fiber filopodia synapse). This synapse was shown by our
lab and others to be critical for constraining principal neuron activity and promoting memory
discrimination. Thus, | propose that Kirrel3-GABA neurons are uniquely positioned to mediate
memory discrimination by constraining hippocampal activity. To investigate this, | am using an
intersectional chemogenetics approach to specifically silence and activate hippocampal Kirrel3-
GABA neurons in mice and determine the effect on learning and memory. Here, | will present
my work using the DREADD HM3Dq to activate Kirrel3-GABA neurons as mice are tested in a
multi-context fear conditioning task.
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Abstract: Human induced pluripotent stem cell (hnIPSC) derived neurons offer the possibility of
studying human specific neuronal behaviors in physiologic and pathologic states in vitro.
However, it is unclear whether these cultured neurons can achieve the fundamental network
behaviors that are required to process information in the human brain. The interactions between
neural oscillations at different frequency bands, known as cross-frequency coupling (CFC), have
been investigated as a mechanism for complex information processing in the central nervous
system in vivo. Phase-amplitude coupling (PAC), which reflects the coupling of the amplitude of
oscillations in a high-frequency range to the phase of oscillations in a lower frequency rhythm, is
one of the most common forms of CFC and is modulated by both physiologic and pathologic
changes in the brain. This study aimed to determine whether in vitro networks of human IPSC
derived cortical neurons (hIPSC-CN) recapitulate the CFC that is present in in vivo networks.
Microelectrode arrays (MEAS) provide a controlled framework to study populations of hiPSC-
CN and enable monitoring of their electrical activity across time and in response to
manipulation. We analyzed the electrical activity recorded from hiPSC-CN grown in culture with
hiPSC derived astrocytes at day 218 of differentiation using a 24 well MEA plate with 16
electrodes per well. We employed the modulation index method for detecting PAC and used
offline spike sorting to analyze the contribution of a single neuron’s spiking activities to the
spikes recorded by each electrode. We analyzed baseline activity as well as the changes
occurring as a result of the addition of the GABA receptor antagonist, Bicuculine. Our
preliminary results demonstrate that CFC is present mostly in the form of PAC in MEA
recordings of hiPSC-CN. Our analysis demonstrates that the degree of PAC is specific to the
network surrounding each electrode and is modulated by bicuculine administration. Additionally,
the shift in PAC is not driven by a single neuron’s properties but rather by network interactions.
Together, this data suggests that CFC analysis provides additional information to explore
communication and integration between groups of nearby cultured cells and dynamical changes
across the entire network in vitro. CFC analysis has the potential to capture the effects of
chemical agents and electrical or ultrasound stimulation on complex neuronal interactions. Using



hiPSC derived neuronal cultures in vitro to study how to modulate this activity may provide
valuable information for the modulation of neural networks to treat nervous system disorders in
Vivo.
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Abstract: The dendrites of bushy cells (BC) in the cochear nucleus have, from their earliest
investigation using the Golgi stain, been described as having dense and unique branching
structures. Although labeling is sparse, dendrites of neighboring cells appeared to intertwine into
hypothesized dendrite networks (Lorente de No, 1981). We have provided, using volume
electron microscopy (EM), a more accurate rendering of branching complexity than is achievable
by light microscopy (LM). Many branch locations yield daughter branches that extend in contact
with each other and which bend at large, often obtuse, angles. Close examination of a subset of
10 BCs, whose dendrites were largely contained within a nearly cubic volume of about 120 um
length per edge, revealed that dendrites from neighboring cells also extended in contact with
each other. We quantified the weight of dendrite-dendrite connections as the apposed surface
area, which was measured directly on the serial EM sections. Self-contact among these 10 cells
ranged from 5.7 - 173.7 um? (i = 32.2 (SD 44.14)). Contact between pairs of BCs ranged from
5.6 - 93.8 um? (1 = 18.1 (SD 25.04)). After excluding 7 cells which had limited dendrite
containment within the image volume, we investigated clustering of dendrites using the
remaining 19 BCs, including the 10 BCs with complete dendrites. An adjacency matrix defined
four clusters of dendrites, containing 5, 7, 7, and 6 cells. Two cells bridged clusters by having
contact with cells in two clusters. Two additional BCs had 2 primary dendrites that further
branched into non-overlapping domains (all other BCs had a single primary dendrite). Each
dendrite contacted a different cluster, such that these two BCs also bridged between clusters.



Thus the overall group contact profile exhibited small-world network structure with a small
number of highly-connected nodes bridging local communities. Two BCs did not contact other
BCs. These data complement previous reports, using LM immunohistochemistry, of frequent gap
junctions between BC cell bodies (Rubio and Nagy, 2015), and suggest mechanisms to correlate
BC activity within the population of cells.
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in schizophrenia: a postmortem ultrastructural study
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Abstract: A preponderance of evidence suggests that the hippocampus is a key region of
dysfunction in schizophrenia. Neuroimaging and other studies reveal a relationship between
hippocampal dysfunction and the degree of psychosis. Preclinical and clinic data indicate
hyperactivity in the hippocampus precedes the onset of psychosis, and is correlated with the
severity of symptoms. Hippocampal hyperactivity in schizophrenia has been proposed by many
and can arise in multiple regions/subfields and from cell specific changes. In this study we
sought to identify circuitry at the electron microscopic level that could contribute to region-
specific imbalances in excitation and inhibition in the hippocampus in schizophrenia. We used
postmortem tissue from the anterior hippocampus from patients with schizophrenia and matched
controls (n=11 and 12, respectively). Using stereological techniques we counted and measured
synapses, PSDs, and mitochondria and in key nodes of the trisynaptic pathway. Compared to
controls, the schizophrenia group had decreased numbers of inhibitory synapses in the dentate
gyrus and CA3 and increased numbers of excitatory synapses in CAL. The thickness of the PSD
was larger in excitatory synapses in CA3 and CA1, suggesting greater synaptic strength. The
density of mitochondria was less in the DG in the schizophrenia group. Optical density, a
measure of functional integrity, was decreased in CALl. Mitochondrial diameter was similar in all



regions between groups. The results suggest region specific increases in excitatory circuitry,
decreases in inhibitory neurotransmission and fewer or damaged mitochondria. These results are
consistent with the hyperactivity observed in the hippocampus in schizphrenia in previous
studies.
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Abstract: High-dimensional brain activity is often organized into lower-dimensional neural
manifolds, which can represent a plethora of behavioral variables, such as head direction,
decision making, or hand movement. However, neural manifolds remain understudied in the
visual cortex of primates, with studies rather focused on mice [1] or considering small samples of
neurons in macaque [2].

Feedback communication in the cortex has been observed in specific frequency bands [3].
Moreover, the feedback to V1 from higher visual areas is known to mediate visual attention for
figure-ground segregation and contour integration in macaque [4]. Computational modeling
shows that feedback may also influence neural manifolds by rotating them in a context-



dependent manner to recover sensory inputs from different contexts [5]. However, whether
feedback signals can modulate neural manifolds in the brain remains to be proven.

Here, we study the neural manifolds of macaque (Macaca mulatta, N=4) V1 during the resting
state. The macaques were seated in a dark room and thus received virtually no visual input. We
used extracellular multi-electrode (Utah array) recordings with unprecedented spatio-temporal
resolution [6]. Our analysis reveals that resting-state neural manifolds of macaque V1 are
organized as two distinct high-dimensional clusters. We show that these clusters are primarily
correlated with the behavior (eye closure) of the macaques and that the dimensionality of each of
these clusters is significantly different, with higher dimensionality during the eyes-open periods.
In addition, we use LFP coherence and Granger causality to estimate signatures of feedback from
V4 and DP to V1 (in the beta range) and find that feedback signatures are significantly stronger
during the eyes-open periods. Finally, we simulate a cortical microcircuit under resting-state
conditions and show that feedback signals can modulate the state space of our model: the
presence and absence of feedback lead to distinct clusters in the state space, in agreement with
the experimental observations. Taken together, the data analysis and simulations suggest that
feedback signals actively modulate neural manifolds in the visual cortex of the macaque.
References:
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Title: Locus coeruleus-mediated spontaneous changes in brain state in zebrafish
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Abstract: To adapt to the complex and ever changing environment, the brain needs to quickly
shift between resting and working states. These global-brain-state shifts are linked to the brain-



wide release of neuromodulators. Is well known that escape responses is paired with changes in
arousal states that are mediated by noradrenergic neurons in the Locus Cororus (LC-NA).
However, the whole-brain mechanism underlying the switch in brain states, remains elusive.

To address this open question, we used transgenic zebrafish larvae expressing GCaMP in
combination with light-sheet microscopy, to monitor whole-brain dynamics with single-neuron
resolution while simultaneously recording tail movements. We studied brain dynamics before
and after the spontaneous or induced activation of the LC-NA.

Our results showed that LC-NA are activated when animals perform a strong escape behavior
what induced a global brain state switch characterized by the shutting down of a vast number of
active neurons and the activation of silent ones. Spontaneous activations of LC were preceded by
a ramping activity starting around 15 sec before the onset of LC. This activity is abruptly
silenced at the onset of LC. Interestingly, for the induced LC activations, the magnitude of LC
activation appeared to be correlated with the number of raping neurons at the time the stimulus is
presented. This suggests that the ramping cells trigger LC-NA.

We are now using optogenetics to directly stimulate the LC and specific cell-type fluorescence
markers to further learn about the mechanisms underlying LC-mediated switches in brain state.
Overall, we described a mechanism capable of spontaneously trigger the LC activation, and its
implications at the whole-brain dynamics.
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Abstract: The critical brain hypothesis has emerged in the last decades as a fruitful theoretical
framework for understanding collective neuronal phenomena. Lending support to the idea that
the brain operates near a phase transition, Beggs and Plenz were the first to report experimentally
recorded neuronal avalanches, which are bouts of neuronal activity whose distributions coincide
with those of a critical branching process, in which a phase transition occurs between an
absorbing (silent) and an active phase. However, this hypothesis is highly debated, as neuronal



avalanches analysis and other common statistical mechanics tools may struggle with challenges
ubiquitous in living systems, such as subsampling and the absence of an explicit model for the
complete neuronal dynamics. In this context, a model-independent phenomenological
renormalization group (PRG) method was recently proposed to analyze experimental data from
neural networks (Meshulam et al., 2019). The procedure consists of repeatedly merging time
series from maximally correlated units, in such a way that our description of the collective
activity becomes increasingly coarse grained after each iteration. As in traditional applications of
the renormalization group, we expect that, under a critical regime, non-trivial correlations and
scale-free behavior will be unveiled as we simplify our description. This can be inferred from a
series of statistical features of the data, such as the activity distribution of coarse grained
variables, mean variance and autocorrelation decay time. Further investigation can be made with
principal component analysis (PCA), which has been shown to play a role analogous to
momentum space renormalization group in this context. Here, we apply the PRG technique to
assess whether this scale-free, self-similar behavior, which is expected in critical dynamics, can
be identified in spiking data recorded with 64-channel silicon probes in the primary visual cortex
of urethane-anesthetized rats. . Additionally, we investigate how the scaling exponents found via
PRG behave as we parse the data by the coefficient of variation (CV) of the population rate, and
compare our results with those obtained via avalanche analysis (Fontenele et al., 2019).
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Title: Active-quiescent phase transitions in the stochastic Wilson-Cowan model
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Abstract: The original Wilson-Cowan model describes the collective behavior of a local
population of neurons by using two coupled dynamic equations for the firing rates of excitatory
and inhibitory subpopulations (Wilson & Cowan, 1972). These equations reproduce a large
variety of possible dynamical regimes, including steady states and oscillations.

Decades later, a stochastic version of the Wilson-Cowan model was proposed to describe



microscopic single-unit dynamics (Benayoun et al, 2010), where the state of each neuron is
represented by a binary variable (O representing a quiescent neuron, 1 an active neuron). The
transition rate from 0 to 1 depends nonlinearly on the sum of excitatory and inhibitory inputs,
which is controlled by connection weights, as well as external stimuli. In the limit of a large
number of neurons, the mean-field description of the stochastic model corresponds to the firing
rate Wilson-Cowan model of 1972.

The stochastic Wilson-Cowan model is particularly useful for the theoretical study of neuronal
avalanches, which are bouts of neuronal activity between periods of silence. These were first
observed in cultured slices of rat cortex (Beggs & Plenz, 2003) and shown to follow scale-
invariant statistics, such as power-law distribution of sizes and durations, which are characterized
by critical exponents. In many experimental setups, the observed exponents were compatible
with a critical branching process or, more generally, any phase transition belonging to the mean-
field directed percolation (MF-DP) universality class. In this class, the phase transition is from a
quiescent (absorbing) to an active phase. In other experimental setups, the compatibility of the
critical exponents with MF-DP is less clear.

In the absence of external stimuli, the stochastic Wilson-Cowan model can present a phase
transition in the MF-DP class and its corresponding avalanche statistics (de Candia, 2021).
Exploring the phase diagram of the model, what we show here is that the model can also display
a plethora of other phase transitions, including tricritical points, discontinuous transitions, and
anomalous scaling. These transitions are characterized by exponents, which may or may not
equal those of MF-DP, thus providing a set of statistical markers that can be used for comparison
with experimental data.

Disclosures: H.C. Piuvezam: None. B. Marin: None. M. Copelli: None. M.A. Mufioz: None.
Poster

192. Network Interactions

Location: SDCC Halls B-H

Time: Sunday, November 13, 2022, 1:00 PM - 5:00 PM

Program #/Poster #: 192.27

Topic: B.07. Network Interactions

Support: German Research Foundation
Boehringer Ingelheim Foundation

Title: Beyond Correlation: Functional OPTO-MAgnetic Integration Concept (OPTOMAIC) to
reveal the brain-wide signature of local neuronal signals-of-interest

Authors: *D. CLEPPIEN?, F. AEDO-JURY?, A. STROH?!,
!Leibniz-Institute for Resilience Res., Mainz, Germany; 2Univ. Med. Ctr. Mainz, Mainz,
Germany

Abstract: Assessing the functional network architecture on a brain-wide level is vital for
discovering early dysfunctional brain states. fMRI affords imaging of brain-wide circuits, albeit



only via measuring vascular parameters, linked to neuronal activity by the process of
neurovascular coupling. This fundamental problem limits the fine-grained and casual
interpretation of BOLD fMRI patterns, and the identification of maladaptive early network
dysregulation in patients at early stages of neuropsychiatric disorders. Optical fiber-based
neuronal calcium recordings provide a specific and temporally highly resolved signal yet lacking
brain-wide coverage. The cross-modal integration of both modalities holds the potential of
unique synergies. The OPTO-MAgnetic Integration Concept (OPTOMAIC) extracts the very
fraction of the BOLD response which reacts to optically recorded neuronal signals-of-interest.
First, OPTOMAIC identifies the trials containing neuronal signal-of-interest in the optical
recordings. The long duration of the BOLD response is considered by calculating and
thresholding neuronal inter-event- intervals. The resulting optical regression vector is probed for
a positive BOLD response with single-event and single-voxel resolution, generating a BOLD-
response matrix containing only those events and voxels with both a neuronal signal-of-interest
and a positive fMRI signal increase. Lastly, the onset of the BOLD response is being quantified,
representing the section of the BOLD response most reliably reporting at least components of the
neuronal signal. The seven OPTOMAIC steps result in a brain-wide BOLD signature reflecting
the underlying neuronal signal-of-interest with utmost cross-modal integration depth and taking
full advantage of the specific strengths of each method. In an experimental dataset, OPTOMAIC
significantly outperformed the classical analysis scheme of averaging over all stimulation
intervals. OPTOMAIC provides a novel tool with translational perspective, as this approach
could also be applied in simultaneous EEG-fMRI recordings in humans. Therefore, OPTOMAIC
affords to identify the spatiotemporal dynamics of a neurophysiological relevant signal of
interest measured by the cross-modal approach of BOLD fMRI and simultaneous fiber-based
calcium recordings and offers a promising diagnosis tool to investigate the integrity and
functionality of neuronal networks.
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Title: Stress resilience is associated with an increased accuracy of the cortical representation of
visual afferents and a unique adaptive local network signature
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Abstract: We and others identified changes in cortical microcircuit activity and connectivity in
mouse models of Multiple Sclerosis and Huntington’s disease in very early stages, prior to
irrevocable neurodegeneration. These early, and putatively maladaptive dysregulations suggest
an ongoing effort of the brain to compensate for the initial pathophysiological event, adopting a
new, temporarily meta-stable attractor state, ensuring the preservation of overall network
stability. Studying the effects of chronic stress on neuronal networks has been up to now mainly
focused on the dmPFC. Whether sensory cortical microcircuits are affected, has not been
investigated yet. Sensory circuits provide the basic prerequisite for efficient sensory
discrimination, which is discussed to represent a resilience mechanism. Here, we ask, whether
chronic stress exposure can lead to a distinct shift in cortical microcircuit activity and
connectivity patterns.We subjected male mice to a chronic social defeat (CSD) paradigm to
mimic severe stress exposure. The experimental animals were present with an aggressor over 10
consecutive days. To assess behavioral phenotypes, a social interaction (SI) test was carried out
and experimental animals were classified as rather stress resilient or non-resilient. We employed
two-photon calcium imaging in awake mice.Non-stress-resilient mice exhibited higher
spontaneous activity levels in the primary visual cortex, and the social interaction score
correlates with the shift in cortical microcircuit activity. Non-resilient microcircuits display a
reduction in local connectivity despite overall higher activity. Non-traumatized animals exhibit
activity dynamics close to non-resilient animals. We then asked, if the network activity signature
in resilient mice is adaptive or maladaptive? We found, that resilient microcircuits surpass non-
traumatized microcircuits in the accuracy of the representation of visual afferents. Resilient mice
display even stronger and modular connectivity than non-traumatized circuits upon visual
stimulation. We found, that upon chronic stress exposure, stress resilient animals, as classified by
the behavioral outcome, undergo an adaptive shift towards a microcircuit with higher
connectivity, and increased discrimination ability. These findings suggest, that while in models
of neuropsychiatric diseases, new network states were accompanied by a decreased functionality,
here, stress resilient animals transition to an adaptive state. We could conceptualize stress
resilience as the ability to undergo plastic changes of cortical sensory circuits.
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Abstract: The slow wave state is a brain state occurring in slow wave sleep and in certain
anesthetic regimens, characterized by network quiescence interrupted by sudden bursts of
activity or so-called slow wave events (SWEs). Neurophysiologically well-defined SWEs can be
found in mice and humans, and their main features seem to be highly preserved across species.
SWE occurrence and propagation are highly susceptible to excitability changes and states of the
neuronal network. Early stages of neurodegenerative and neuroimmunological disorders are
marked by ensembles of hyperactive neurons and seem to alter the propagation of SWEs. This
susceptibility makes SWEs an ideal target for studying brain (dys-)function across species and
across diseases. Resolving distinct BOLD fMRI patterns of SWEs in sleeping healthy humans is
a critical prerequisite for any study examining SWE alterations reflecting early network
dysregulations caused by pathological conditions in humans. In rats, we have assessed the
relationship between SWEs and BOLD fMRI signals and have observed a cortex-wide BOLD
pattern directly related to SWEs. In healthy humans, we have analyzed simultaneous EEG-fMRI
data during non-REM sleep. SWEs individually detected in the EEG data were used as predictors
in event-related fMRI analyses on single subject level to examine the relationship between SWEs
and fMRI signals. For all subjects we identified significant changes in BOLD activity associated
with SWESs covering substantial parts of the gray matter.By means of three distinct datasets
comprising simultaneous EEG-fMRI data of sleeping healthy humans (N = 60) we took our
analyses one step further. We classified SWEs by the vigilance stages they occurred in and
examined their corresponding BOLD fMRI signatures, respectively. Preliminary results showed
distinct patterns of significant BOLD fMRI signal changes related to wake SWEs, N2 SWEs and
N3 SWEs. Importantly, the resulting BOLD fMRI patterns for each respective vigilance stage
varied between subjects in terms of spatial extent and amplitude of the BOLD signal. Still, the
brain regions recruited by SWEs of each individual vigilance stage were highly consistent.
BOLD fMRI signatures related to SWEs need further thorough specifications and classifications
to create a systematic catalogue of existing patterns in healthy humans. Only such a differential
and profound catalogue will allow to distinguish between physiological and pathophysiological
SWE network signatures, emerging in a variety of neuropsychiatric diseases long before the
onset of clinical symptoms.
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Abstract: In the CNS, oligodendrocytes (OLs) form multi-lamellar myelin sheaths around
axons, which enable the rapid conduction of action potential. The initial step of myelination
requires the assembly of actin filaments for the extension of OL processes and for the
ensheathment of axons. In contrast, the subsequent step of myelin wrapping requires the
disassembly of actin filaments. The mutant mice that lack the expression of a type Il
transmembrane protein teneurin-4 (Ten-4) display the tremor phenotype because of
hypomyelination in the CNS. Our previous study revealed that Ten-4 facilitated the cell adhesion
through its extracellular domain and promoted OLs differentiation. In this study, we analyzed the
expression pattern and the function of Ten-4 via its intracellular domain during myelination.
Immunohistochemistry of mouse spinal cords showed Ten-4 expression in myelin sheath at P7,
when the state of actin is shifted from polymerization to depolymerization. In Ten-4 deficient
mice at P7, the shift from the initial stage of actin polymerization to the later stage of actin
depolymerization was inhibited. To analyze the molecular mechanism, we screened Ten-4
binding proteins and obtained 2°, 3’-cyclic-nucleotide 3’-phosphodiesterase (CNP), OL-specific
actin binding protein, and Arpcla, an Arp2/3 complex component highly expressed in OLs. In
proximity ligation assay on mouse primary OLs, Ten-4 and CNP were colocalized at the
branching points of the processes, where myelin-like membrane sheets are formed. When Ten-4
and CNP were overexpressed in COS-7 cells, these two proteins were co-immunoprecipitated
and downregulated actin assembly. Arpcla also exhibited the similar activity with Ten-4 as
CNP. From these results, the formation of the molecular complex of these proteins interferes
their activity for actin polymerization. In addition, we analyzed the function of Arpclain OLs,
since it was unknown. The intense expression signal of Arpcla was detected at the initial stage
of myelination in immunohistochemistry of mice spinal cords. Knockdown and overexpression
experiments of Arpcla in OLs showed that Arpcla was required for the proper formation of cell
processes and myelin-like membrane sheets in OLs. Taken together, Ten-4 formed a molecular
complex with CNP and Arpcla and positively regulated CNS myelination through the actin
cytoskeletal organization in OLSs.
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Abstract: ABSTRACTRationale and ObjectiveNeurofibromatosis type 1 (NF1, 1/3000 live
births worldwide), is an autosomal dominant disease caused by mutations in the gene coding for
neurofibromin (NF1). NF1 patients develop diverse conditions ranging from aesthetic issues to
life-threatening tumors. Moreover, most NF1 patients present with neurological issues including
learning deficits, delayed motor skills, attention deficit, and increased risk for depression.
Interestingly, NF1 patients also present multiple abnormalities in the brain WM and myelin;
although proposed decades ago, myelin-behavior links remain obscure in NF1. Hence, our
objective is to provide robust experimental evidence for the impact of Nfl mutation on behavior.
Methods and ResultsMice carrying a mutation known to cause NF1 (Nf1+/- mice) showed
compromised learning curves in a voluntary/myelin-regulated motor learning test, the Complex
Wheel (CW; a running wheel with irregularly spaced rungs). This phenotype was caused by
compromised activity levels without affecting capability to run (max speed). To test the actual
contribution of myelin to this phenotype, we conditionally induced Nf1 mutation in mature
myelin-producing cells using a tamoxifen inducible system (PlpCreEr;Nfl1flox or pNflflox). Our
results show that pNf1flox mice show subnormal learning curves in a gene-dose-dependent
manner and that, similar to Nfl+/- mice, this phenotype is driven by decreased activity levels
without affecting their capability to run. Whether motivation issues drive this phenotype is under
investigation.Scientific rigor measures To establish robust and relevant results, both germline
and myelin producing cell-specific Nf1 mutants we tested in the CW. Adult WT (control),
hemizygous, and homozygous Nfl mutant mice (n=10/genotype) were subjected to the CW test.
A fully automated recording system was used to avoid observer bias and data was processed by
personnel blinded to the genotypes.ConclusionOur results shed light onto the roles of myelin in
the control of behavior, particularly on the regulation of voluntary activity that is relevant for
attention deficit and motivation/depression issues in NF1.
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Abstract: Myelin is a multilayered lipid membrane structure that ensheaths axons to promote
rapid transmission of action potentials via saltatory conduction. Changes in the geometry of the
gaps between myelin segments, known as nodes of Ranvier, can impact the conduction speed of
neuronal signals to alter neural synchronization and circuit function. The geometry of the node of
Ranvier can be altered by perinodal astrocytes that regulate thrombin proteolysis of the axo-glial
adhesion protein neurofascin155; however, it is unknown whether such nodal remodeling is
impacted by sensory experience and activity-dependent signaling between neurons and
astrocytes. Here, we show that the process of nodal widening that occurs in mice with transgenic
impairment of astrocyte exocytosis proceeds normally in the optic nerve following long-term
binocular visual deprivation initiated during adulthood. Nodal recovery, which occurs when
normal astrocyte function is restored following early impairment, indicates that mechanisms
driving nodal narrowing are also not impacted by binocular visual deprivation. To address the
possibility that the influence of the astrocyte-mediated mechanism of nodal widening could
obscure other possible mechanisms of activity-dependent nodal plasticity, we separately
determined that binocular visual deprivation had no effect on nodal gap length in adult animals
in which astrocyte exocytosis was not manipulated. Prior to these experiments, studies on
sensory experience have implicitly assumed that myelin remains unchanged following visual
deprivation. The absence of plasticity of the node of Ranvier in response to binocular visual
deprivation supports this understanding. Furthermore, in parallel with understanding of visual
system synaptic plasticity, competition between inputs, such as is created by monocular
deprivation, may be necessary to drive mechanisms of activity-dependent plasticity at the node
of Ranvier. This hypothesis is tested by examining nodal gap changes in the optic tract following
monocular suture and inhibition of neuronal activity in the retina using a viral construct in adult
mice.
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Abstract: Myelin, which is formed by oligodendrocytes (OLS) in the central nervous system
(CNS), is crucial for efficient signal transduction and neuronal function. Iron is a critical
micronutrient for OLs due to its involvement in energy production and its role as a cofactor for
myelin synthesis, and it is well-known that OLs are the highest iron staining cells in the brain.
Inadequate iron delivery to OLs frequently results in severe and long-lasting neurological deficits
that are attributed to hypomyelination. Our laboratory and others have identified H-ferritin (Fth),
traditionally considered an iron storage protein, as the primary iron delivery protein to OLs. We
have also found that Fth utilizes a novel receptor on rodent OLs, T-cell immunoglobulin and
mucin domain-containing protein-2 (Tim-2). To determine the importance of Fth-mediated iron
delivery through Tim-2 on OLs for myelination, we have generated Timd2"" PIp1-
Cre/ERTconditional knockout mice to eliminate Tim-2 expression specifically from mature OLs
(Plp1+) following consecutive tamoxifen injections. We hypothesize that removal of Tim-2 from
OLs will lead to decreased Fth uptake, which will, in turn, lead to reduced iron uptake and
consequently, insufficient myelination. In this study, we observed that Timd2""PIp1-Cre/ERT
mice injected with tamoxifen, on post-natal days 7-9 to induce the knockout, displayed a trend
towards poorer motor performance on the rotarod as measured by decreased latency to fall.
Moreover, there was a statistically significant reduction in myelin basic protein (MBP) and
proteolipid protein (PLP) in addition to a decrease in myelin staining in the corpus callosum of
Tim-2 knockout animals compared to controls. Essentially, the data from this study indicates that
myelin is negatively affected following Tim-2 knockout from OLs during development.
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Abstract: Myelin formed by oligodendrocytes has been known to be involved in jumping
conduction, however, recent studies revealed that myelin also plays an important role in various
brain functions such as memory consolidation and recall. On the other hand, other studies
indicated that gut microbiota participated in the myelin formation of the central nervous system,
however, the molecular mechanisms of how gut microbiota mediate the myelin formation and
affect the brain function remain unclear. We previously reported that mice depleted L-amino acid
oxidase 1 gene (LAO1 KO mice) had altered gut microbiota composition during infancy and also
displayed the differences in myelin protein and myelin-related gene expression in the
hippocampus. In the present study, we aimed to elucidate the candidate connection between the
gut microbiota and hippocampal myelin formation using LAO1 KO mice together with germ-free
(GF) mice. Firstly, we conducted fecal transplantation to GF mice using cecal feces collected
from the WT or LAO1 KO pups and found that the expression of the myelin-related gene, such as
Plpl, was decreased in GF mice inoculated with feces from LAO1 KO pups. Secondly, to
explore a key molecule that could connect the gut microbiota and the myelin-related gene
expression, we profiled the metabolite in feces and serum from the inoculated GF mice, and in
serum from the WT or LAO1 KO pups. This profiling revealed that D-Glucaric acid was
commonly presented in serum and feces from GF mice inoculated with feces from LAO1 KO
pups and in serum from the LAO1 KO pups. In addition, PICRUSt analysis using microbiome
metagenomic data also showed that D-Glucaric acid metabolism was regulated by the gut
microbiota. To confirm the effect of D-Glucaric acid on the myelin-related gene expression in
the pup’s hippocampus, 100 mg/kg/day D-Glucaric acid was orally administrated on the WT
pups from postnatal day 1 to day 10. As a result, administration of D-Glucaric acid induced
decreasing expression of Mbp and Plpl in the hippocampus compared to the control mice.
Finally, to investigate whether D-Glucaric acid affects the differentiation of Oligodendrocyte
precursor cells (OPCs), we isolated OPCs from mice hippocampus and stimulated the
differentiation with or without D-Glucaric acid. It resulted that D-Glucaric acid treatment
decreased the level of Mbp and Plpl expression, suggesting that D-Glucaric acid could suppress
the differentiation of OPCs in vitro. In conclusion, our results firstly report that D-Glucaric acid
produced by the gut microbiota might directly act on the differentiation of oligodendrocytes
lineage cells by suppressing the myelin-related gene expression during mouse infancy.
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Title: Pervasive environmental chemicals impair oligodendrocyte development
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Abstract: Prenatal and childhood exposure to environmental chemicals can impair
neurodevelopment and contribute to adverse cognitive and neurological outcomes.
Oligodendrocytes, which play an essential role in the central nervous system to support and
myelinate neurons, are at unique risk for chemical exposure because their maturation spans from
fetal development to adulthood. Here we performed a cellular phenotypic screen of ~1850
environmental chemicals and identified two significantly enriched chemical classes, consisting
of eight compounds in total, that impair oligodendrocyte development through distinct cellular
mechanisms. Quaternary ammonium and phosphonium compounds, commonly found in
disinfecting agents and personal care products, were potently toxic to developing
oligodendrocytes, whereas organophosphate flame retardants, which decrease flammability of
building materials and consumer products, prematurely arrested oligodendrocyte maturation. The
detrimental effects of these chemical classes also extended to a three-dimensional organoid
model of human prenatal brain development. Finally, using epidemiological data we identified
associations between childhood organophosphate flame retardant exposure and increased odds of
cognitive and motor dysfunction. Critically, this work identifies novel toxicological liabilities
specific to oligodendrocyte development and highlights two chemical classes with significant
environmental contamination that warrant deeper scrutiny for their impact on human health.
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Title: Regulation of oligodendrocyte process extension and myelination by the lysosomal cation
channel TRPML1
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Abstract: Ca?* signaling is a dynamic second messenger system that links extrinsic signals to
complex intracellular changes. Within the oligodendrocyte (OL) lineage, Ca?* signaling has been
shown to be indispensable for oligodendrocyte precursor cell (OPC) proliferation, OL
differentiation, and myelination. While the focus on Ca?* signaling in OPCs and OLs has been
on plasma membrane channels and receptors, the role of intracellular Ca®* stores, such as the
lysosome, needs to be considered. Emerging evidence has demonstrated the lysosome’s essential
role in nutrient sensing, control of energy metabolism, and plasma membrane repair, all of which
are dependent on lysosomal Ca?* efflux. The main Ca?* exporter on the lysosomal membrane is
TRPML1; mutations in this protein lead to the rare disease mucolipidosis type 1V, which is
characterized by pronounced hypomyelination and delayed OL maturation. Further highlighting
the potential importance of TRPML1 on OL function, reduction of its endogenous agonist,
P1(3,5)P2, significantly impairs OL differentiation and myelination. Based on this, we sought to
examine the mechanism underlying the effects of TRPML1 on OL function, including
maturation and myelination, utilizing two different in vitro paradigms. For differentiation, OPCs
were treated at the time of differentiation with either MLSA1 or MLSI1, synthetic agonist and
antagonist of TRPML.1 respectively, and stained for markers of OPCs, immature OLs, and
mature OLs. While no alterations were observed in the number of mature OLs, cells treated with
MLSI1 had significantly shorter and fewer processes compared to vehicle and MLSA1-treated
cells. Additionally, when nanofiber scaffolds were used to access in vitro myelination,
significant decreases in mature OL number, as well as the length and number of myelinating
processes, were seen in MLSI1-treated cultures. Intriguingly, when cells were allowed to
differentiate and myelinate for 72 hours prior to MLSI1 treatment, no changes were observed in
length or number of processes. Together, these data suggest a role for TRPML.1 activation, and
subsequently lysosomal Ca?* efflux, in remodeling of the actin cytoskeleton during
differentiation and the early stages of myelination. Ongoing studies in the lab are currently
investigating the temporal dynamics of lysosomal Ca?* efflux and its relationship to actin
polymerization and depolymerization. Taken together, our work highlights a previously
unknown function of TRPML1 in modulating OL function and has implications not only for
homeostatic regulation but also disease states where lysosomal function is known to be
dysregulated
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Abstract: Oligodendrocyte precursor cells (OPCs) are the main proliferative cells in the
developing and mature central nervous system (CNS). OPCs give rise to oligodendrocytes that
generate myelin, which ensures fast signal transmission and provides physical, trophic, and
metabolic for neurons. p21-activated kinase 1 (PAKZ1) is a serine/threonine kinase known to be
activated by the Rho family small GTPases and to control cell polarity, invasion and actin
cytoskeletal organization. Clinical studies have demonstrated that children with PAK1 gain-of-
function mutations display a very broad range of abnormalities, such as developmental delay,
macrocephaly, seizures, and intellectual disability. Some of the affected brains display white
matter hyperintensity, which is suggestive of white matter hypomyelination. These clinical data
suggest that PAK1 may influence OPC development. In this study, we investigated the role of
PAKZ1 in OPCs proliferation during mouse brain development. Group | PAK activity inhibition
by specific inhibitors significantly decreased OPC proliferation in vivo and in vitro, without
causing OPC apoptosis or death. We next employed constitutive knockout (KO) and Cre-loxP-
based conditional KO (cKO) to elucidate PAK1’s role in OPC proliferation. The number of
proliferative OPCs was significantly decreased in the corpus callosum of postnatal day 7 PAK1
KO or cKO mice. Together, PAK1 and its activity promote OPC proliferation in vivo and in
vitro. Mechanistically, the role of PAK1 in OPC proliferation is partially through binding and
regulating PDGFRa and its activity.
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Abstract: Normal cognitive aging is free of neuronal death, but shows cognitive deficits strongly
associated with myelin loss in the monkey brain. This myelin damage is multifactorial, with
previous studies showing that aging compromises the differentiation potency of oligodendrocyte
precursor cells (OPCs), creating a bottleneck to remyelination. In addition, recent findings have
revealed that epigenetic factors are key players in fine tuning gene expression during
remyelination. Here we screened an array of epigenetic regulators that are known to affect OPC
differentiation, to determine which of those change with aging in the Rhesus monkey brain.

For this, we used fresh frozen white matter from 3 young (<10 years) and 5 old (>20 years)
cognitively characterized male rhesus monkeys and performed quantitative PCR analysis using
primers against epigenetic regulators. To verify whether the changes observed were specific to
oligodendroglia, we applied in situ hybridization on a similar cohort of male and female, young
and old monkeys, using fixed frozen tissue cut in 30um slices. Results were analyzed relative to
age and our Cognitive Impairment Index (CI1).

We found that the expression of DNA methyltransferase DNMT1 is reduced in aging OPCs,
potentially allowing for the aberrant activation of genes that are normally suppressed. This
decrease correlates with an overall decline in cognitive function. Together with our previous
results showing decreased OPC differentiation potency in aging, we hypothesize that increased
epigenetic gene activation in aging might trap OPCs in the progenitor state, preventing their
differentiation in to mature myelinating oligodendroglia.

These results collectively support the hypothesis that with aging, OPCs fail to differentiate into
new mature oligodendrocytes, likely impairing myelin maintenance in the aging brain.
Interventions to stimulate OPC differentiation and promote remyelination could potentially
reduce or reverse the accumulation of age-related myelin and damage associated cognitive
decline.
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Abstract: A hallmark feature of multiple sclerosis (MS) is the partial but incomplete
regeneration of myelin following inflammatory demyelination. Incomplete remyelination is
attributed, in part, to the failure of oligodendrocyte progenitor cells to differentiate into mature,
myelinating oligodendrocytes within the inflammatory microenvironment of MS lesions. The
effect of peripheral viral infection, which induces inflammatory glial profiles, on the process of
remyelination has yet to be described. We previously found that influenza infection
downregulated genes associated with myelination in an otherwise healthy adult mouse. Here, we
hypothesized that infection would induce alterations to oligodendrocyte-specific transcripts
during remyelination. C57BL/6J mice were fed 0.2% cuprizone-laced diet for 5 weeks and
inoculated at 4.5 weeks with saline or influenza virus (A/PR8/34). Brains were harvested,
bisected, and immediately frozen at time points corresponding to peak demyelination and partial
remyelination. Sagittal sections were placed on slides containing spatially-barcoded
oligonucleotide probes in a 6.5 x 6.5 mm area. Tissues were fixed and permeabilized on the
slide, and cDNA libraries were synthesized from captured RNA, resulting in spatially-resolved
brain transcriptomes of mice from four conditions (n=3): “Normal” (control diet),
“Demyelinated” (peak demyelination), “Saline” (PBS-inoculated, partial remyelination), and
“Flu” (influenza-inoculated, partial remyelination). Analysis resulted in eight clusters
corresponding to specific brain regions of which we have identified hypothalamus, cortex,
corpus callosum/fornix, thalamus, hippocampus, habenula, and choroid plexus. Within the
cortex, differentially expressed genes (q < 0.05) associated with the ontology term “immune
system process” were increased in Demyelinated mice compared to Normal mice, whereas genes
involved in “myelination” were decreased. Genes associated with the terms “myelination” and
“axon development” were increased in the cortex of Saline mice undergoing remyelination
compared to the Demyelinated group. However, genes involved in “fatty acid biosynthesis”,
“lipid metabolic process” and “myelination” were decreased in the cortex of Flu mice compared
to that of Saline mice during remyelination. These data confirm our previous findings that
influenza infection affects oligodendrocyte homeostasis and suggest that in the cuprizone mouse
model of MS, infection impedes remyelination at the transcriptional level in the cortex.
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Abstract: Myelin is a multilayered membrane formed by oligodendrocytes (OLS) in the central
nervous system (CNS). It is essential for increasing the speed of action potentials and for the
metabolic support of axons. Its alteration leads to disabling diseases such as Multiple sclerosis.
The formation of myelin relies on actin dynamics; actin polymerization supports the ensheathing
phase, when OL processes contact and surround the axon. A dramatic change in actin
depolymerization is then required to allow the wrapping phase and the formation of multilayered
myelin sheaths. The molecular mechanisms that trigger this actin depolymerization in OLs are
still unknown. P21-activated kinase 1 (PAK1), a downstream effector of the Rho GTPases Racl
and Cdc42, regulates actin disassembly through its kinase activity. We showed that PAK1
expression increases during OL maturation while its phosphorylated form decreases, indicating
its inactivation. We also provided compelling evidence demonstrating that strengthening PAK1
inhibition in OLs increases actin depolymerization and the subsequent formation of pseudo-
myelin membranes. Conversely, preventing PAKL1 inhibition decreases actin depolymerization in
OLs and restrains the generation of pseudo-myelin. Interestingly, we showed that PAK1 loss-of-
function in OLs increases myelin thickness in vivo and that pharmacological inhibition of PAK1
in cerebellar slices enhances myelin formation. Overall, our data highlight PAK1 as a key
regulator of CNS myelination through the modulation of actin cytoskeleton disassembly in OLs.
Our results may pave the way for therapeutic approaches in myelin diseases by targeting PAK1.
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Abstract: ABSTRACT

Rationale and objective: Increasing evidence indicates that myelin regulates high order brain
functions including learning and that defective or insufficient myelin contributes to the onset of
neurological conditions including Intellectual Disability (ID), Autism Spectrum Disorders
(ASD), and Attention Deficit and Hyperactivity Disorder (ADHD). Per myelin’s extensive and
prolonged plasticity, it is believed that restoring or improving myelin function holds therapeutic
potential beyond neurodevelopmental phases of disease. Here, we explore the links between
abnormal myelin and behavior in a mouse model of Costello Syndrome (CS), as CS patients
present with abnormal white matter and myelin in correlation with neurological issues including
ID, ASD and ADHD.Methods and Results: Adult mice carrying a mutation known to cause CS
(HRasG12V) conditionally induced in myelin-producing cells (PlpCreER;frHRasG12V), were
subjected to a myelin-regulated voluntary motor learning test, the Complex Wheel (CW; a
running wheel with unevenly spaced rungs). Our results show that subnormal learning curves in
CS mice, in a mutant gene-dose-dependent manner. Specifically, the normal daily improvement
in the average speed and total distance run is affected in CS mice. This phenotype is mediated by
decreases in maximum speed, without affecting the levels of activity, as compared with wild type
mice. Our results establish that the disease-causing mutation HRasG12V in myelinating cells
compromises learning of motor skills and suggest chronic roles of abnormal myelin in the
neuropathophysiology of CS.Scientific rigor measures: To avoid an abnormal genetic
environment precluding key CS features, the strain FR-HRas®'?" was used to switch the
endogenous wild type (WT) HRas gene for a HRasG12V mutant version, following an induction
treatment with tamoxifen. Adult WT, hemizygous, and homozygous HRasG12V mutant mice
(n=7/genotype) were subjected to two CW protocols. Fully automated recording system was
used to avoid observer bias and data was processed by personnel blinded to the
genotypes.Conclusions: Together with our previous data on the roles of HRasG12V in
hyperactivating the RAS/MAPK pathway and causing myelin decompaction, our data unveils
that maintenance of mature myelin structure/function plays important roles in regulating brain
function and suggest chronic roles of defective myelin in the neuropathophysiology of Costello
Syndrome.
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Abstract: Oligodendrocytes take part in one of the most intimate cell-cell interactions within the
brain, which is the wrapping of myelin around neuronal axons. Myelination is a critical process
that allows oligodendrocytes to produce an insulting lipid-rich sheath to facilitate supportive
brain functions such as electrical impulse propagation, metabolic support, and neuroprotection.
Demyelination can lead to neurodegenerative diseases like Multiple Sclerosis (MS), where the
immune system attacks oligodendrocytes and causes inflammation and damage to the myelin
sheath and surrounding nerve fibers. Oligodendrocytes (OLS) arise from self-renewing
oligodendrocyte progenitor cells (OPCs). Currently, there is a lack of understanding on the
processes of proliferation, differentiation, and myelination from oligodendroglial lineage cells
within 3-Dimensional (3D) cell culture systems. Here, we demonstrate the presence of
oligodendrocyte progenitor cells, mature oligodendrocytes, and myelinating oligodendrocytes in
our 3D cortical spheroid microtissue. Spheroids were generated from primary postnatal rat
cortical cells, seeded at 4000 cells/well density in a 2% agarose hydrogel, and cultured for up to
35 Days In Vitro (DIV). Immunohistochemistry, confocal microscopy, and transmission electron
microscopy (TEM) were methods employed to understand the state of oligodendroglial lineage
cells. The molecular markers neural-glial antigen 2 (NG2), adenomatous polyposis coli clone
(CC1), oligodendrocyte transcription factor 2 (OLI1G2), and myelin basic protein (MBP) were
used to assess lineage specific cell states. Our results indicate that OPCs (NG2+ cells) are
distributed throughout the microtissue, exhibit similar morphology compared to cortical tissue,
and are present up to DIV 35. CC1+ cells were co-labeled with Olig2, a transcription factor
required for the differentiation of oligodendroglial cells, from DIV 3 to DIV 21 to suggest that
mature OLs are derived from the oligodendroglial lineage. MBP-expressing OLs was
surprisingly low in DIV 16 and DIV 20 yet exhibited unique morphology compared 2-
dimensional MBP+ OLs. Our TEM analysis confirmed myelin can begin to form as early as DIV
3 and can persist up to DIV 21. Taken together, our 3D cortical microtissues contain populations
of cells within the oligodendroglial lineage and myelin formation is permissible in a 3D
microenvironment. One of our future goals will be to investigate neuron-oligodendrocyte
interactions and incorporate drug screening for therapeutics that promote remyelination and
assess the impacts of myelin following a neural injury. Funding: NIEHS U01ES028184, US
ONR N000142112044.
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Abstract: Iron homeostasis is an integral component of a healthy central nervous system (CNS).
Iron is a cofactor for proper myelin formation which makes oligodendrocytes (OLs) one of the
highest iron-containing cells in the CNS. Additionally, the mammalian target of rapamycin
(mTOR) pathway is integral for proper myelin formation since it plays a role in iron
homeostasis. Further, astrocytes, a support glial cell in the CNS, tightly regulates how iron is
distributed through the CNS. These factors have led our lab to study OLs and astrocytes in
relation to mTOR and a polymorphism in the homeostatic iron regulatory gene, HFE H63D,
which causes iron overload. We have previously published data showing HFE H63D cognitively
normal patients and HFE H67D (ortholog to H63D) mice have reduced white matter in major
association areas such as the arcuate fasciculus, longitudinal fasciculus, and corpus callosum. To
better understand how OLs and astrocytes may be affected by HFE H67D, we utilized primary
cell culture to isolate H67D and wild type (WT) OLs and astrocytes then performed
immunocytochemistry (ICC), western blot, scratch wound migration assay, and Alamar blue cell
viability assays. We hypothesized that H67D OLs and astrocytes would have impaired
maturation, migration, and viability compared to WT. Some data we have collected has shown
primary enriched H67D OLs cultures had a statistically significant reduction in myelin basic
protein. Furthermore, analysis of GFAP, a cytoskeletal protein in astrocytes, had shown H67D
had a statistically significant increase of GFAP over time from 3 days in vitro (DIV) to 14DIV.
These data points indicate that H67D primary OLs and astrocytes have altered maturation
patterns.
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Title: Maladaptive myelination promotes generalized epilepsy progression
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Abstract: Activity-dependent myelination modulates neural network function, enabling
adaptation. Myelin plasticity involves oligodendrogenesis (proliferation and maturation of
oligodendrocyte precursor cells, OPCs), requiring brain-derived neurotrophic factor (BDNF)
signaling through its receptor, TrkB, on OPCs as well as epigenetic changes that can be blocked
with histone deacetylase inhibitors. The relationship between pathological neuronal activity
(seizures) and myelination is unknown. We hypothesized that generalized absence seizures might
induce aberrant activity-dependent myelination that contributes to pathological network change
and epilepsy progression. We used Scn8a+/mut mice (bearing a loss of function mutation in
Nav1.6), which develop absence seizures during well-defined periods of seizure progression
(increasing seizure frequency). We used unbiased stereology, electron microscopy and MRI
(quantitative magnetization transfer with diffusion imaging) to assess oligodendrogenesis and
myelin structure within the thalamocortical seizure network. We generated Scn8a+/mut mice
with deletion of TrkB specifically from OPCs (Scn8a+/mut; TrkBfl/fl; PDGFRA::Cre-ER mice,
designated as Scn8a+/mut OPC cKO), induced with tamoxifen. In separate studies, Scn8a+/mut
mice were treated with the histone deacetylase inhibitor trichostatin A (TSA), 10mg/kg daily.
Seizures were quantified with EEG. Callosal OPC proliferation was increased in association with
seizures in P45 Scn8a+/mut mice; these changes were absent at earlier time-points before seizure
onset. Decreased callosal g-ratios, indicative of thicker myelin sheaths per axon diameter were
observed in Scn8a+/mut mice with established seizures. Genetic blockade of activity-dependent
myelination in Scn8a+/mut cKO mice prevented aberrant myelination, thalamocortical
hypersynchrony assessed with EEG coherence, and significantly decreased seizure progression.
Pharmacological blockade of activity-dependent myelination in Scn8a+/mut mice with TSA,
initiated after seizure onset at P28, prevented aberrantly increased oligodendrogenesis and
decreased subsequent seizure burden. Myelination induced by absence seizures can become
maladaptive and contribute to epilepsy progression. Maladaptive myelin plasticity may be a
novel therapeutic target to decrease seizure burden in some types of epilepsy.
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Title: Myelin phagocytosis by oligodendroglia promotes lineage progression and maturation
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Abstract: Oligodendrocytes (OLs) are the myelinating cells of the CNS. In addition to building
up the myelin sheath, OLs provide energy substrates to axons to support action potential
propagation. Here we tested the idea of whether OLs have phagocytic capacity and may recycle
myelin as an energy source using Alexa488-labelled myelin and time-lapse imaging. We
observed that cultured OL’s readily endocytose myelin particles that are thereafter transported
into the cytoplasm, an effect that it is enhanced by selective activation of P2X7 and NMDA
receptors. Surprisingly, the addition of myelin induced an increase in the total number of MBP*
OLs and NG2* oligodendrocyte progenitor cells. In turn, stereotaxic injections of labelled myelin
into the cerebral cortex of adult mice resulted in a robust proliferative response within and
around the injection site with Ibal*™ microglial cells migrating towards injected myelin. Our
preliminary in vivo data show fluorescent myelin debris within phagocytic microglia and other
neighboring cells including oligodendrocytes. We conclude that OLs have phagocytic capacity
and that myelin behaves as an energy reservoir that can fuel oligodendrocyte proliferation,
differentiation and survival.Funded by MINECO, CIBERNED and Gobierno Vasco. C.P. holds a
fellowship from MINECO.
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Title: Oscillatory Store-Operated Calcium Signaling Regulates Human Oligodendrocyte
Progenitor Stem Cell Fate
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Abstract: In multiple sclerosis (MS), destruction of myelin sheaths and insufficient repair
contributes to axonal degeneration and neurological dysfunction. Endogenous remyelination
requires the differentiation of adult oligodendrocyte progenitor cells (OPCs). As such,
pharmacologic interventions for MS requires an understanding of molecular regulators of human
OPC (hOPC) maturation. We have previously shown that the Gog muscarinic Ms receptor (MsR)
inhibits hOPC differentiation, and conditional deletion of M3R in OPCs promotes remyelination.
We hypothesized that intracellular Ca?* signals ([Ca?*]i) downstream Gag-coupled-receptor
(GqR) signaling regulates hOPC cell fate. We exposed hOPCs to a panel of selective ligands that
target GqRs identified by RNA-seq. Only muscarinic agonist oxotremorine (Oxo-M) and the
metabotropic glutamate receptor 5 (mMGIuRs) agonist CHPG induced prolonged oscillatory
[Ca?*]i in hOPCs and blocked hOPC differentiation while another G¢R agonist had no effect.
Oscillatory Gag-[Ca?*]i was also dependent on store operated calcium entry (SOCE) and was
reduced following treatment with SOCE antagonists and siRNA-mediated knockdown (KD) of
either STIM1 or STIM2. Interestingly, STIM2 KD reduced [Ca?*]i oscillatory frequency and
abolished effects of muscarinic agonist on differentiation. To further examine the role of
oscillatory SOCE, we used optogenetic STIM lentivirus to directly induce SOCE by blue light
stimulation at various frequencies. Following long-term live cell imaging, we observed a
frequency-dependent effect of SOCE activation resulting in blockade of hOPC differentiation
and stimulation of proliferation. Lastly, in our preliminary in vivo studies using conditional
deletion of SOCE components Stim1/2 in NG2* OPCs, we found Stim1/2 ablation increases
oligodendrocyte (OL) generation following demyelination. These findings afford insights into
mechanisms that regulate hOPC proliferation and differentiation, suggesting a key role for SOCE
in the regulation of OL cell fate.
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Authors: *Z. WANG!, A. TABASSUM!?, A. ALCANTARA?, C. V. MELENDEZ-VASQUEZ?;
!Dept. of Biol. Sciences, Hunter College, City Univ. of New York, New York, NY; 2Mol. Cell
and Developmental Biology, Biochem. and Behavioral and Cognitive Neuroscience, The Grad.
Center, City Univ. of New York, New York, NY

Abstract: Research in mechanically-driven differentiation of mesenchymal stem cells (MSC)
have shown that the subcellular localization of YAP/TAZ changes in response to matrix
stiffness. Thus, prolonged exposure of MSC to either soft or stiff matrices, leads to the
acquisition of a mechanical memory. YAP/TAZ subcellular localization in MSC is correlated
with this epigenetic memory and their final cell fate. Specifically in stiffer substrates YAP/TAZ
is retained in the nucleus and cells become osteocytes, while YAP/TAZ is translocated out of the
nucleus in softer substrates and MSCs become adipocytes.Oligodendrocyte progenitor cells
(OPC) are essential for myelination and remyelination of axons. Previous research found that
YAP/TAZ are necessary for normal OPC differentiation into mature oligodendrocytes (OL) in
response to mechanical cues. Our lab has also shown that increased extracellular matrix (ECM)
stiffness such as that found in chronic demyelinated lesions inhibits OPC differentiation.To
investigate if OPC acquire a mechanical memory in response to changes in ECM stiffness, we
have examined the subcellular localization of YAP/TAZ in primary cultures of rodent and iPSC-
derived human OPC grown in conditions that mimic healthy or chronically-demyelinated brains.
Initial data obtained from myelinating co-cultures of rat OPC and DRG neurons indicate that at
high stiffness conditions (30 kPa), there is less MBP expression and YAP is mainly localized in
the nucleus of OPC. By contrast, cultures grown in soft hydrogels, mimicking a healthy brain
(1.5 kPa); exhibit higher MBP expression and translocation of YAP outside the nucleus.
Collectively, our findings suggest that nuclear retention of YAP by OPC in stiffer matrices can
contribute to remyelination failure in chronically demyelinated lesions.
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Abstract: Anxiety disorders are prevalent psychiatric disorders that greatly affect life quality.
Predisposition to anxiety disorders involves a combination of genetic and environmental factors,
such as psychosocial stress. Our group recently identified myelin plasticity as a major brain
stress response using a mouse model of chronic social defeat stress (CSDS). Differences in
myelin thickness were brain-region dependent, influenced by the genetic background of the
mice, and varied between animals that developed social avoidance after CSDS (susceptible) and
mice that did not (resilient). To investigate the cellular and molecular effects of stress on
oligodendrocytes (OLs), we have set up an in vitro stress model of primary OLs from both
C57BL/6NCrl (B6) and DBA/2NCrl (D2) mouse strains. Immunohistochemical characterization
after acute corticosterone exposure led to a 45% increase in myelin production by OLs isolated
from D2, but not from B6 mice. Chronic exposure to the glucocorticoid dexamethasone reduced
OL maturation, OPC proliferation, and myelin production in OLs isolated from the two strains
but these effects were observed at different time points. Taken together, our results reveal a
strain-specific OL sensitivity to glucocorticoids, which depends on the cellular maturation stage.
This may be one mechanism underlying the strain differences observed in stress-induced myelin
plasticity.
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Title: Bridging integrator 1 (BIN1)-mediated cell cycle regulation - bridging ATM and Myc
functions in oligodendrocyte
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Abstract: Bridging investigator 1 (BIN1) is the second most important genetic risk loci for
sporadic Alzheimer’s disease identified by the genome-wide association studies. Despite the
reported linkage with misfolded proteins aggregations, BIN1 is unexpectedly enriched in the
oligodendrocyte (OL) population, but its OL-specific functions remain unknown. Given its well-
established roles on cell cycle control by its interaction with ATM kinase and c-myc in cancer
cells, we propose that BIN1 may serve as the bridge between DNA damage repair and cell cycle
control in the OLs. To investigate, we first confirmed the cell type specificity of BIN1
expression in the postmortem human frontal cortex of multiple sclerosis (MS, n =11) and in a
cuprizone-based MS mouse model (n = 4). To test our hypothesis, OL lineage in two strains of
ATM-deficient mice, AtmA"®- (B6.129S6-Atm™A%/3) and AtmB2- (B6;129S4-Atm"™B4/3) with
distinct ATM mutation sites were examined in vivo and in vitro. First, we confirmed that BIN1-
immunoreactivity is OL-specific. Importantly, BIN1 signal is lost in defined myelin lesion of the
gray and white matter. This finding was recapitulated in cuprizone-treated mice where the Binl
signal was significantly reduced across brain regions, particularly at the cingulum and
somatosensory cortex (P = 0.0011). In the genu of wildtype mice (n = 6), the density of Olig2*
OL and the Bin1* Olig2* population gradually increase from 1 to 4 months old. In the same
period, OL density remained steady, but the Bin1* Olig2* population sharply decreased from
43.9 to 15.1% and 32.7 to 5.1% in Atm*"*"-and AtmB3 (n = 4), respectively. This reduction was
correlated with a significant reduced density of Nkx 2.2* preOL and ASPA™ CC1" mature OL in
the AtmB" | but not Atm*"*”-animals, suggesting a differential effect of ATM mutation types on
Binl expression and OL differentiation. Furthermore, transient Binl silencing inhibited the Mag
and Myrf mRNA expression during differentiation of a OL progenitor cell model, Oli-Neu. The
ATM-BIN1-Myc signaling axis in regulating OL cell cycle with or without chemically induced
DNA damage is being investigated on primary OL culture derived drom Atm-deficient models,
and the effects of ATM activity on the interactions between BIN1-Myc is being revealed by
immunopreciptations. The preliminary findings support our hypothesis that ATM-BIN1-Myc
signalling axis may be intrinsically involved in the differentiation program of OL, and this study
will idenfity if this axis is associated with etopic cell cycle re-entry in mature OL.
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Abstract: Introduction: Adult oligodendrocyte progenitor cells (OPCs) have been studied
principally for their role in generating new oligodendrocytes in the central nervous system
(CNS). However recent studies have suggested that OPCs could play additional roles besides
oligodendrogenesis. Particularly, the role of OPCs in the regulation of neuronal function remains
unclear. Attempts to investigate the function of OPCs by targeted cell ablation in the adult CNS
have been limited by methodological challenges resulting in only partial and transient OPC
ablation.Aim: To overcome these limitations, we have developed a novel pharmacogenetic
mouse model of conditional OPC ablation.Methods: Combining diphtheria toxin-mediated cell
ablation with the intracisternal delivery of an antimitotic drug into PdgfraCreER™2;Sox10-DTA
transgenic mice resulted in the elimination of 98.6% of all OPCs throughout the brain for up to
10 days.Results: This OPC ablation initiated a complex sequence of cellular responses
characterised by inflammatory and neurovascular changes accompanied by the presentation of an
anxiety-like phenotype. Restoration of normal behaviour after OPC loss coincided with the
return of normal microglial densities and the onset of PdgfRa+ cell regeneration, which arose
first in regions near the subventricular zone (V-SVZ). By combining recombinase-based
transgenic and viral strategies for targeting of OPCs and V-SVZ-derived neural precursor cells
(NPCs), we found that new PdgfRa-expressing cells from V-SVZ repopulated the OPC-deficient
brain starting 12 days after OPC ablation. This indicates that OPC depletion induced V-SVZ-
derived NPCs to generate new OPC-like cells with the capacity to migrate and proliferate
extensively throughout the dorsal anterior forebrain.Conclusion: Further application of this
novel OPC ablation approach will provide fundamental understanding of the functions that OPCs
and NPCs serve in the adult CNS in health and disease.
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Abstract: Organotypic slice culture (OSC) models are a key tool for oligodendrocyte (OL)
research. Information on OSC models preserving myelination of both cortical (Ct) and
subcortical white matter (SCWM) areas are scarce. These structures are synonymous with higher
CNS functions, and are loci for neurological and neurodevelopmental pathology, thus
myelinating OSC featuring these areas offer opportunities to model OL functions in health and
disease. Towards this we examined OL myelination, and injury and plasticity responses, in
forebrain OSC prepared from postnatal PLP::dsRED mice of both sexes. Analysis involved
qualitative (blind ranking) and quantitative (morphological) assessments of dSRED* mature OL,
MBP staining of myelin, and qPCR for OL genes.

Under standard conditions (20% O, 41 mM glucose, 3.9 mM KCI) OSC exhibited myelination
in both SCWM and Ct areas. MBP signals at 2, 7 and 15 days in vitro (DIV) revealed a pattern of
myelination reminiscent of in vivo development, with anterior to posterior, and ventral to dorsal
(SCWM > deep Ct > outer Ct) developmental gradients. Analysis between 3 and 7 DIV revealed
increased MBP* segment lengths (8.1 vs 38.2 um, p<0.0001, N = 10 cells / group), while levels
of PDGFRa mRNA decreased (p<0.001, N=3 slices), and MOG mRNA increased (p<0.0001,
N=3 slices), between 3 and 12 DIV, implying OL lineage progression and myelination.

OSC could be used to screen OL-protective drugs for perinatal conditions involving hypoxic-
ischemia (HI). Thus, we explored the response of OL to HI (2% 0., 4 mM glucose, 24h). HI at 2
DIV reduced PDGFRa (p<0.05, N=3 slices) and MOG mRNA (p<0.05, N=3 slices) levels
measured at 5 DIV suggesting a loss of OPC/OL. Similarly, analysis of dsRED signals at 7 DIV
revealed a reduction in OL maturation (X? = 12.81, p<0.001) and a modest decrease in dSRED*
segment lengths (35.5 vs 29.2 um, p<0.05, N=10 to 13 cells / group). We continue to explore OL
and microglial responses to HI to check relevance to in vivo perinatal OL injury.

OSC are suited to multi-site electrophysiology and live-imaging, thus they could be used to
answer questions relating OL plasticity to circuit functions. Therefore, we explored OL
responses following treatments designed to block (1uM TTX) or increase (4mM KCI) neural
activity. TTX reduced PDGFRa (p<0.05, N=3 slices) and MOG (p<0.0001, N=3 slices) mRNA
levels, and dsRED OL maturation ranking scores (p<0.05, N=4 to 5 slices), while MOG
expression was elevated by treatment with KCI (p<0.05, N=3 slices). Our work continues to



explore the use of OSC as models for myelin plasticity and perinatal OL injury by expanding
these data sets, and extending them with electrophysiological and live-imaging approaches.
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Title: Voluntary exercise potentiates myelin repair in a mouse model of CNS demyelination
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Abstract: Central nervous system demyelination is a hallmark of several neurological and
neurodegenerative diseases, an archetype being multiple sclerosis (MS). Studies with MS
subjects suggest that the efficiency of remyelination following a demyelinating episode is
correlated with improved clinical prognosis. On this basis, it is believed that clinical
interventions that potentiate remyelination efficiency are likely to significantly improve disease
outcomes. In this study, we aimed to investigate whether a naturalistic behavior that increases the
activity of specific neural pathways can drive remyelination by potentiating the generation of
new myelin-forming oligodendrocytes. To investigate this question, we challenged mice for 5
weeks with cuprizone to induce demyelination of the corpus callosum and then asked whether
voluntary running for 2 weeks on a complex wheel (CW) after cuprizone withdrawal could
potentiate myelin repair by activating transcallosal axons. We also aimed to differentiate
between the effects of CW running on myelin repair mediated by oligodendrocyte progenitor
cells (OPCs) and neural progenitor cells (NPCs) that derive from the ventricular-subventricular
zone (V-SV2Z), two populations of progenitor cells that we and others have previously
demonstrated are engaged in myelin repair. Our data reveal that compared to non-runners, CW
runners exhibited improved motor performance evaluated on the rotarod test (157.2 £ 5.7s vs
230.2 + 12.9s; p<0.0001). Runners also exhibited an increase in synchronous neuronal firing of
transcallosal axons examined by acute brain slice multielectrode array recordings. In vivo fate-
mapping of NPC- and OPC-derived oligodendroglia using PdgfRaCreER'%;R0sa26-mTmG and



NestinCreER™?;Rosa26-mTmG mice revealed that CW running enhanced oligodendrogenesis in
the corpus callosum reflected by an increase in the density of newly-generated
GFP*/EdU*/PdgfR" OPCs and GFP*/EdU*/ASPA™ mature oligodendrocytes in the
NestinCreER™%;Rosa26-mTmG mice. Immunoelectron microscopy using the Tokuyasu method
demonstrated that compared to non-runners, the myelin ensheathing the callosal axons of CW
runners was thicker (lower g-ratio), despite an increase in myelin compaction due to a significant
increase in the number of myelin lamellae. Together these observations suggest that voluntary
physical exercise following demyelination enhances functional remyelination, at least in part via
a preferential increase in oligodendrogenesis mediated by NPCs originating in the V-SVZ.
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Title: Evidence of physical interactions between oligodendrocyte precursor cells, microglia and
oligodendrocytes - a volume electron microscopy serial section study
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Abstract: The importance of glial cells in the brain cannot be overstated. Now, with the advent
of modern microscopy techniques, we have tools to analyze their complex morphology and
interactions with neurons and each other. We used computationally reconstructed datasets
created from large volume serial section electron microscopy(SSEM) samples of mouse visual
cortex, ages P36, P54 and P81, to find evidence of physical contacts between glia. Our focus was
on contacts between satellite microglia, oligodendrocytes(OLs) and oligodendrocyte precursor
cells(OPCs), examining their ramified branches and morphological features at large-scale and
fine structural levels- https://www.microns-explorer.org/. In each dataset,microglia, OLs and
OPCs were often found in satellite positions with their nuclei closely opposed to their neuronal
host's soma. In the P54 mouse, their numbers measured:OPC 49%, OLs, 33%, microglia 43%.
All five premyelinating OLs in P54 were in satellite positions. Every glial cell maintained its
distinct territory, avoiding contact with their own kind. However, branches of microglia and
OPCs frequently intermingled, and their processes extended up to 50 um and contacted 10-20
neuronal somas. Infrequently, we observed microglia and OPCs in satellite positions adjacent to
each other, each contacting the neuronal soma with their branches intertwining. These events
were rare and observed in all three datasets, two in P36 and two in P54.0PCs are highly dynamic
cells and are the most proliferative cells in the brain. When an OPC dies or transitions to an OL,
it is quickly replaced. In all datasets, there was evidence of newly divided asymmetric OPCs in
satellite positions. In the P54 dataset, there were 12 split cells and nine in P81. In the largest
dataset P81, we found a rare combination of a newly divided OPC, a microglia and an OL nearby
(Fig.1). These findings provide a snapshot of relationships between three types of glia in the
mammalian cortex and raise questions about roles microglia might play in the morphological
transformation of OPCs and their proximity to newly formed OLs.

Fig.1. A recently divided OPC (pink) is adjacent to an oligodendrocyte
(OL)in gold and a microglia(MG) in purple. Scale bar 7.5 pm.
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Abstract: Fibulin-7 (FbIn7) is an extracellular matrix (ECM) protein composed of an N-terminal
sushi domain, three EGF-like motifs, and a C-terminal fibulin-type module and binds to cell
surfaces through integrin B1 and heparan sulfate proteoglycan, among others. According to
RNA-Seq analysis, FbIn7 is specifically expressed in oligodendrocyte (OL)-lineage cells among
the CNS cell types. The normal expression and function of FbIn7 in the CNS have not been
analyzed yet though FbIn7 is overexpressed and causes angiogenesis in glioblastoma. Therefore,
we aimed the elucidation of the expression pattern and the function of Fbin7 in the CNS.First, we
performed immunohistochemical analysis of the spinal cord from postnatal (P) 3 and P7 mice.
FbIn7 was expressed at both P3 and P7 stages and was localized on myelin and between myelin
and axon at P7. In primary cell-culture, FbIn7 expression was visualized along the processes and
around the tips of protrusions in OLs. Since these results indicated the FbIn7 function related to
OL differentiation and axon myelinization, we examined it by using co-culture of OLs and
neurons. As the result, the number of GalC-positive OLs was increased when the co-culture was
incubated in the medium including recombinant FbIn7 (rFbIn7). Moreover, the number of GalC-
positive OLs adhering to neurites was also increased in the presence of soluble rFbIn7. Further,
we tested synthetic peptides derived from N-terminal and C-terminal regions of Fbin7, and
analyzed their effect on the OL differentiation in co-culture. Similar to the result using rFbin7,
GalC-positive OLs were increased in the medium with the Fbin7 peptides. In conclusion, the
expression of FbIn7 from OL lineage cells is accumulated between myelin and axons at postnatal



myelination stages and FbIn7 positively regulates OL differentiation through active sites at its N-
and C-terminal regions. Our findings will be useful for better understanding of the ECM
functions in OL biology.
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Title: Hiv pre-exposure prophylaxis (prep) inhibits oligodendrocyte differentiation
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Abstract: Adolescents comprise one-fourth of individuals newly diagnosed with HIV in the
United States each year. PrEP, a combination of emtricitabine (FTC) and tenofovir disoproxil
fumarate (TDF) two antiretrovirals (ARV) of the nucleoside reverse transcriptase inhibitor
(NRTI) class, is an effective method to prevent the transmission of HIV in adolescents at
substantial risk for acquiring HIV. However, data from our lab has demonstrated that even in the
absence of HIV, select antiretroviral drugs of the integrase strand transfer inhibitor (INSTI) and
protease inhibitor (PI) classes inhibit OL differentiation in vitro. The CNS of adolescents taking
PrEP is particularly susceptible to impairment due to ongoing myelination and synaptic plasticity
during this phase of development. Using our well-established cell culture system for purification
and differentiation of primary rat OLs, we have demonstrated that treatment with FTC and TDF,
alone or in combination, inhibited OL differentiation. OL were treated at the time of
differentiation with concentrations of FTC or TDF equivalent to that of the plasma Cmax in
patients on PrEP, 7uM and 0.6uM respectively, reduced the number of GalC and PLP positive
cells after 3 days of differentiation. Furthermore, using an adolescent rat model, we demonstrated
that adolescent rats treated with PrEP from 3 to 6-weeks of age had significantly fewer mature
OLs in the corpus callosum at 6-weeks-old compared to vehicle treated controls. Other ARV
drugs inhibit OL differentiation by deacidifying lysosomes due their slightly alkaline pH. FTC
and TDF are also weak bases. Treatment with FTC and TDF, alone or in combination,
significantly decreased the number of acidic lysosomes, decreased the number of functional
lysosomes, and increased the pH of lysosomes in a dose dependent manner. Reacidifying



lysosomes restored OL differentiation in the context of PrEP treatment. As lysosomes are critical
for processing and transporting large quantities of lipids and proteins necessary for the
generation of the myelin membrane, we are investigating the effects of PrEP- induced lysosome
deacidification on lipid and myelin protein content. These data suggest that FTC and TDF inhibit
OL differentiation in vitro and in vivo via impairment of lysosome function. Our findings address
a gap in our understanding of the effects of PrEP on myelination in uninfected adolescents in
vivo. Identifying the mechanisms underlying myelin changes in uninfected adolescents taking
PreP will allow for the development of treatments or new prophylactic therapies that protect this
uniquely vulnerable population.
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Title: Intravital mitochondrial dynamics during oligodendrocyte generation
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Abstract: Myelinating oligodendrocytes have a readily available pool of resident progenitors
called NG2 glia. Oligodendrocyte generation from NG2 glia persists throughout life and allows
for oligodendrocyte replacement in neurodegenerative pathologies and aging. The cellular and
molecular mechanisms that guide certain subpopulations of NG2 glia to generate
oligodendrocytes while others engage in self renewal are not fully understood. Intracellular
metabolism and organelle dynamics are likely to play key roles in regulating this decision. Using
high resolution intravital optical imaging techniques to trace fluorophore labeled-
oligodendrocyte lineage cells and their mitochondria, we determined how mitochondrial
distribution, shape, and dynamic movement throughout the cell change as single NG2 glia
transform into myelinating oligodendrocytes. We observed that NG2 glia contained a denser
network and tubular mitochondria while mature oligodendrocytes contained fewer and more
fragmented mitochondria. The transition from progenitor to fully myelinating oligodendrocyte
involved key checkpoints in mitochondrial shape, localization within the cell, and overall content
indicating a relationship between mitochondrial dynamics and oligodendrocyte generation. This
work provides insight into how mitochondrial dynamics affect NG2 glia fate and introduces a
potential target to modulate oligodendrocyte generation in the live intact brain.
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Title: Oligodendrocyte death initiates synchronous remyelination by local NG2-glia
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Abstract: Demyelination is widespread in neurodegenerative disease and aging. In early stages
of these conditions, homeostatic repair mechanisms initiate oligodendrocyte replacement by
resident progenitor cells called NG2-glia. To investigate the cellular dynamics of this repair, we
developed a novel demyelination model by combining intravital myelin imaging with a targeted
single-cell ablation technique called 2Phatal. Oligodendrocyte 2Phatal activated a stereotyped
degeneration cascade which triggered remyelination by local NG2-glia. Remyelination efficiency
and timing was dependent on initial myelin patterning. Longitudinal imaging revealed a
synchronous repair mechanism, resulting in near-seamless transitions between myelin loss and
repair. A subset of morphologically complex NG2-glia executed this remyelination, pointing
towards unrecognized functional diversity within this local glia population. Age-related
demyelination mirrored the degenerative cascade observed with oligodendrocyte 2Phatal,
although remyelination in aging was defective, due to failed oligodendrogenesis. Thus,
oligodendrocyte 2Phatal is a powerful new model for non-inflammatory demyelination, allowing
the discovery of cellular diversity within the oligodendrocyte lineage and a novel form of rapid
repair called synchronous remyelination.
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Abstract: Myelin is a complex multilamellar structure, generated by oligodendrocytes, that
ensheaths axons and is a vital component for neural processing. Degeneration of the myelin
sheath is a common pathology associated with many neurodegenerative diseases and aging. The
factors involved in myelin degeneration across different diseases vary, however the failure to
efficiently remove myelin debris generated as a result of this degenerative cascade contributes to
disease progression and inhibits tissue repair. Removal of myelin debris is thought to be carried
out by microglia, the primary phagocyte of the brain. To investigate the cellular dynamics
underlying microglia phagocytosis and clearance of myelin debris, we have developed a novel
model for titratable and inducible cortical demyelination called oligodendrocyte 2Phatal. After
targeted single cell cortical demyelination, we observed microglia engaging with both the
targeted oligodendrocyte and its myelin sheaths followed by rapid and efficient removal of both.
Following the removal of the myelin sheath we observed rapid remyelination, suggesting that
efficient clearance of myelin debris plays a vital role in successful remyelination. Thus, we
describe a new model for in vivo optical imaging of demyelination and phagocyte engagement
and reveal the underlying cellular dynamics involved in myelin debris clearance and repair.
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Abstract: Objective: The PD-1/PD-L1 (programmed cell death protein 1/ programmed cell
death ligand 1) axis plays an important role in the adaptive immune system and has influence on
neoplastic and inflammatory diseases. However, the role of thePD-1 / PD-L1 axis in multiple
sclerosis (MS) has not yet been investigated in detail. Here, we aimed to delineate distinct
expression patterns in peripheral immune cell subsets and to evaluate the role of soluble PD-1
and PD-L1 in the context of MS. Methods: In depth immunophenotyping by flow cytometry
was performed on Peripheral Blood Mononuclear Cells (PBMCs) of 49 patients with relapsing-
remitting MS (RRMS) and 27 controls. Soluble PD-1 and PD-L1 serum levels were analyzed in
a cohort of 84 patients with RRMS and 36 controls. To evaluate the therapeutic potential of
soluble PD-L1, 600 pg/kg recombinant protein was systemically administered daily starting from
symptom onset in Experimental AutoimmuneEncephalomyelitis (EAE). Results: Patients with
RRMS displayed distinct cellular PD-1 / PD-L1 expression patterns in peripheral immune cell
subsets as well as an association of soluble PD-L1 with MS subtype and disease severity.
Systemic administration of recombinant PD-L1 in EAE resulted in ameliorated disease severity
and reduced infiltration of peripheral immune cells into the CNS. Interpretation: The marked
expression of PD-1/PD-L1 in immune cell subsets of patients with RRMS, as well as the
correlation of soluble PD-L1 with disease-severity offers promising potential for the use as a
biomarker in the context of MS. Furthermore, restoring the lack of coregulatory PD-1/PD-L1
signaling by exogenous supplementation of PD-L1 may serve as a novel therapeutic strategy for
severe stages of acute neuroinflammation.
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Authors: *L. 1. WURTZ?, E. E. KNYAZHANSKAYA!, D. SOHAEI?*3, I. PRASSAS?, S.
PITTOCK!, M. WILLRICH?!, R. SAADEH?, R. GUPTA?, E. P. DIAMANDIS?, I. A.
SCARISBRICK?Y;

!Mayo Clin., Rochester, MN; 2Univ. of Toronto, Toronto, ON, Canada; *Mount Sinai, Toronto,
ON, Canada



Abstract: Multiple sclerosis (MS) is an inflammatory demyelinating disease of the central
nervous system commonly affecting young adults, predominantly females. Individuals with MS
are broadly categorized into two clinical subtypes, relapsing remitting (RR) and primary
progressive (PP), based on symptom time-course and severity of disease. In this study, we
analyzed the cerebrospinal fluid (CSF) from 40 individuals with diagnosed MS (65% female,
median age of 48) of both subtypes (n=20 RR, n=20 PP), as well as 14 headache controls (78.6%
female, median age of 45). Using liquid-chromatography tandem mass spectrometry, we report
the relative expression of 53 brain-enriched proteins in patients with diagnosed PP vs. RR vs.
non-MS headache controls. We determined a subset of 22 proteins that showed significant (p <
0.05) differential expression via Wilcoxon signed-rank test in MS vs. control (13 proteins), RR
vs. control (20 proteins), PP vs. control (1 proteins), or RR vs. PP (1 protein). Logistic regression
analysis revealed 19 of these proteins could predict disease (p < 0.05). This set includes known
players in disease pathology, such as kallikrein 6. These findings provide new insights into the
potential molecular disease process that drives MS pathogenesis and unveil targets for further
research and for the development of new treatment strategies.
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Abstract: Myelin oligodendrocyte glycoprotein antibody-associated disease (MOGAD) is an
autoimmune inflammatory demyelinating disorder of the central nervous system, characterized
by manifestation and relapse as encephalitis, transverse myelitis, and optic neuritis either alone
or in combination. Because MOGAD has a potential to involve multiple brain regions through
multiple time points, patients with MOGAD may also meet the McDonald’s criteria—
dissemination in time and space—that is a gold standard for the diagnosis of the other
demyelinating disease, multiple sclerosis (MS). Although these MOGAD patients who satisfied
McDonald’s criteria may have distinctive disease characteristics, only a few relevant studies
have been conducted. Herein, we investigated the prevalence of MOGAD patients who meet the
McDonald’s criteria with brain and spinal MRI findings, and examined their clinical
characteristics, as compared to those who did not. During the study period, we included a total of
37 MOGAD patients with a follow-up period >12 months and one or more follow-up MRI scans.



Of these patients, 8 (21.6%) met the McDonald’s criteria. In their MRI scans, 4 patients (50%)
had Dawson’s fingers, 5 patients (62.5%) had lesions adjacent to the body of lateral ventricles
and in the inferior temporal lobe, and 2 patients (13%) had curved juxtacortical lesions. Lesions
of 6 patients (75%) were found as enhanced, while 2 (25%) patients had rim or open-ring
enhancement. Three patients (20%) had central-vein signs. A total of 4 patients (50%) had more
than two of the above-described characteristics. In comparison of clinical characteristics between
patients who met McDonald’s criteria and those who did not, there were no significant
differences in female sex (5 [62.5%] vs 17 [58.6%], p = 0.506), onset age (36.0 [12.4] vs 46.5
[14.8] years, p = 0.392), annual recurrence rate (0.291 [0.64] vs 0.32 [0.39], p = 0.741), and the
frequency of optic neuritis (p = 0.749). Taken together, a significant number of MOGAD
patients met the McDonald’s criteria that is specific for MS, and these patients did not differ
significantly from those who did not meet the criteria in their clinical characteristics. These
findings suggest that MOGAD and MS may share some imaging and clinical characteristics, thus
anti-MOG antibody should be chekced for diagnosis even in patients who met the McDonald’s
criteria.
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Abstract: Neurofilament-light chain (NfL) and glial fibrillary acidic protein (GFAP) have been
reported to be useful blood biomarkers in patients with multiple sclerosis (MS) and
neuromyelitis optica spectrum disorders (NMOSD), which are inflammatory CNS demyelinating
diseases with different mechanisms. However, the association between these serum biomarkers
and MRI lesion characteristics has rarely been investigated particularly during acute relapses.
Herein, we evaluated the relationship between serum biomarkers (NfL and GFAP) and T2-
weighted fluid attenuated recovery imaging findings (lesion volume and number). Between June
2018 and July 2021, consecutive patients with MS or NMOSD who experienced acute relapses
in brain and/or spinal cord within 2 months were prospectively enrolled in a tertiary medical



center. Included patients underwent single molecule array analysis with blood samples. Lesion
volumes were calculated by integrating cross-sectional area of 2D-lesions that were manually
demarcated. During the study period, a total of 31 patients (MS, n = 14; NMOSD, n = 17) with
acute relapses were enrolled. T2-weighted lesion volumes (median (interquartiles), MS vs.
NMOSD, 5.68 (1.95-13.07) cm? vs. 6.00 (3.76-8.15) cm?, p = 0.874), and lesion numbers (31.5
(10.5-38) vs. 20 (10-31), p = 0.565) were comparable between patients with MS and those with
NMOSD. Levels of GFAP/volume (26.20 (6.47-55.04) vs. 182.10 (31.33-269.40) pg/ml/cm?®, p =
0.004), but not those of NfL (4.30 (1.21-8.95) vs. 5.64 (2.03-9.78) pg/ml/cm3, p = 0.475)), were
significantly higher in patients with NMOSD. In regard of relationships between lesion
characteristics and serum biomarker levels, both the volume and number of lesions were not
correlated with serum NfL or GFAP levels in patients with MS. Meanwhile, the number of
lesions, but not the volume, was significantly correlated with serum GFAP levels in patients with
NMOSD (Spearman rho, 0.669, p = 0.003 for the lesion number; 0.374, p = 0.230 for the lesion
volume). Serum levels of NfL tended to be correlated with the number of lesions, but not with
the volume (rho, 0.443, p = 0.075 for the number; 0.331, p = 0.195 for the volume) in patients
with NMOSD. Taken together, during acute relapse phase, serum biomarker levels and lesion
volume did not reveal strong associations in both the MS and NMOSD groups. Notably, the
degree of brain damage in NMOSD appears to be proportional to T2-weighted lesion numbers,
wheras that in MS might occur more generally throughout the CNS in addition to T2-weighted
lesions. These findings suggest that the pattern of serum biomarkers during acute phase in
demyelinating diseases may be different according to pathogenesis.
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Abstract: Multiple sclerosis (MS) patients on anti-CD20 treatments may have compromised
abilities to generate an antibody response to SARS-CoV-2 due to a depletion of B-cells, which
could make them more susceptible to COVID-19 infections. At Tisch Multiple Sclerosis
Research Center of New York (MSRCNY), we investigated the antibody response of MS
patients on anti-CD20 therapy to COVID-19 vaccines, boosters and/or infections. Blood samples



were collected from MS patients who were on anti-CD20 therapies for at least 6 months and who
were vaccinated and/or naturally infected with COVID. Longitudinal samples were collected
when patients returned after 6 months for their therapies. As a part of patients’ routine clinical
management, CD19 B-cell counts were obtained prior to each therapy which allowed us to
access B-cell counts at the time of serum analysis. Control samples were collected from non-MS
staff at Tisch MSRCNY . IgG antibody levels were assessed from serum samples with an in-
house ELISA detecting 1gG antibodies against the spike protein’s receptor binding domain of the
SARS-CoV-2 virus. In addition, a commercial FDA-approved SARS-CoV-2 neutralization
antibody detection kit was used. For a positive antibody response, longitudinal samples must
show an increase in antibody levels from our in-house ELISA. If longitudinal samples were not
available, then the sample must have positive neutralization. A total of 206 MS patients were
studied and 44 had antibody response. In contrast, all 43 non-MS controls were responsive to
vaccination and/or infection. To assess whether recovering B-cell levels were correlated with
antibody response, we looked at MS responders’ CD19 counts prior to sample collection. Out of
the 44 MS responders, 6 patients had samples with normal CD19 counts and the other 37
responders had abnormally low CD19 counts, suggesting that the ability to mount a protective
antibody response may involve more than just the presence of circulating B-cells. Of 145
patients with longitudinal samples, 57 received a booster between the two sample collections. An
increase in antibody response post-booster was only seen in 8 patients. There were 8 out of 206
MS patients (3.88%) with breakthrough infections, which is higher than the CDC reported rates
of 0.005% to 1.48% from April 2021 to April 2022. Our results indicate an impaired antibody
response to COVID vaccination, booster and/or infection in MS patients on anti-CD20 but that
may not correlate completely with CD19 B-cell counts. From our data, MS patients seem to have
higher risk for breakthrough cases, but it is difficult to analyze the variables involved, such as
time between vaccination and infection and others.
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Abstract: Myelin is essential for nervous system ensuring the transfer of impulses along
myelinated fibers and provides protection and nutrients to neurons. Damage or loss of myelin
sheaths, demyelination, and impaired endogenous remyelination, are common features in
multiple sclerosis, Alzheimer’s disease, and diffused traumatic brain injury. The objective of this
study was to characterize the corpus callosum (CC) -targeted, lysophosphatidylcholine (LPC) -
induced demyelination model in rats using diffusion tensor MRI (DTI), serum neurofilament
light chain readout (NfL) and myelin staining histology.

Male CD rats were infused with 1.5 pl of LPC (1% solution) or vehicle (PBS) to the right
hemisphere CC. Induction of the lesion was verified at D3 after the infusion, when animals were
DTI scanned (11.7 Tesla Bruker, SE-EPI, 60 directions, b-values 0 and 970 s/mm?) and the
tensor was analyzed for fractional anisotropy (FA), axial, radial and mean diffusions. This
baseline DTI was used to ensure that study-enrolled rats had lesion in anatomically correct
location, at proper size and without infusion related mechanical damages such as hemorrhages or
ventricle abnormalities. DTI was performed again at D15 to assess lesion development and the
extent of remyelination in the CC. Brain and blood samples were collected at D15. Histological
analysis was done to assess the terminal level of myelination in the CC by Sudan black staining.
Serum samples were used for Quanterix Simoa™ NfL analysis of axonal damage.

LPC infusion resulted in significant demyelination in the CC, as observed by DTI at D3 and D15
and by Sudan black staining of CC at D15. Highly significant reduction of fractional anisotropy
(>30% decrease) was observed in the CC lesion as compared to anatomically matched areas in
sham animals. Minor non-significant recovery both in the ipsilateral FA and the %-difference
between the sides was observed from D3 to D15. Also, lesions in the ipsilateral CC in LPC-
treated animals were detected at the targeted region using Sudan black staining of brain samples
collected at D15. NfL analysis from D15 serum showed significant increase in the LPC infusion
group, suggesting axonal damage. However, model induction that results in sufficiently sized
lesions without hemorrhage is challenging. DTI-based screening at D3 has proven to be critical
to achieve this.

In conclusion, we have characterized a focal lesioning model in which lesion size and
demyelination can be quantified and used a basis for balancing experimental groups after initial
lesion maturation. Remyelination can be conveniently followed in a non-invasive way in vivo
allowing also for the assessment of therapy efficacy.
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Abstract: Sphingosine 1-phosphate (S1P) is a bioactive lysophospholipid that can bind to five
cognate G Protein-coupled receptors (GPCRs). There have been identified five subtypes of S1P
receptors, S1P1.s. SIPR modulators include FDA-approved medicines ponesimod, ozanimod,
fingolimod and siponimod, which are approved for treating multiple sclerosis (MS). S1IPR
modulators function as agonists and functional antagonists. Ponesimod selectively modulates
S1P,, towards determining pharmacological brain properties of this S1P receptor subtype and
assessing ponesimod’s mechanism of action in MS, including myelination. Determine the effects
of ponesimod on demyelination in cortex, corpus callosum (CC) and cingulum (Cg) using toxin-
induced demyelination (cuprizone model) as an animal model of MS. C57BL/6 male mice were
fed a 0.2% cuprizone diet for five weeks with concurrent preventative treatment with vehicle or
ponesimod (30 mg/kg) for five weeks. A histological assessment was conducted to validate
demyelination by black-gold staining Il and cellular profiles. Furthermore, single nucleus RNA-
sequencing (SnRNA-seq) was conducted in the cortices, CC, and Cg of mice fed with a
cuprizone diet with Ponesomid or vehicle. Ponesimod protected demyelination particularly in
Cg. Moreover, ponesimod treatment increased Olg2* oligodendrocyte progenitor cells in both
CC and Cg, and suppressed Ibal® microglial accumulation in the Cg. The snRNA-seq identified
neuronal cell types (neurons, astrocytes, and oligodendrocytes) and accumulation of myeloid
cells in CC and Cg. Ponesimod effectively inhibited demyelination and accelerated
remyelination in Cg that have been associated with several neurologic impairments including MS
fatigue. Thus, may explain the ponesimod’s efficacy in fatigue reported in a completed phase 3
clinical trial.
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Abstract: Demyelinating diseases of the central nervous system such as multiple sclerosis (MS)
are among the most devastating and disabling neurological disorders that can arise across the
lifespan and lead to severe handicaps. A major feature of demyelination lesions is the block of
the remyelination capacity of oligodendrocytes and their precursors (OPCs). Single-cell
transcriptomics analysis in human adult MS brains reveals the presence of committed OPCs and
premyelinating oligodendrocytes, but they fail to remyelinate the axons in the demyelinaitng
lesions. Recent study using C tracing in MS brain tissues indicates that remyelination failure is
likely in part due to the loss of capacity of residual or surviving oligodendrocytes to myelinate
naked axons rather than an impairment in the formation of OPCs. Currently, the molecular
blocks that prevent the myelin-producing capacity of mature oligodendrocytes and their
remyelination in demyelinating lesions are poorly understood. Although most previous screens
focused on the compounds that promote OPC differentiation, the factors that promote the
myelin-producing potential and late-stage transition from pre-myelinating to myelin-producing
oligodendrocytes remain poorly defined. To identify small molecule compounds that inhibit the
myelin-producing capacity of premyelinating oligodendrocytes, we have established a transgenic
mouse line (CNP-Luc) carrying a CNP-promoter-driven luciferase reporter to specifically label
CNP+ postmitotic mature oligodendrocytes. The transgenic platform allows a high throughput
screen of the functional compounds that activate expression of myelin genes such as CNP. We
carried out a chemical genetic screen with a library of small molecule chromatin modifying
modulators using O4+/GalC+ pre-myelinating oligodendrocytes isolated from CNP-Luc
transgenic mice. We identified a set of chromatin modulators that potently enhance myelin-
producing potential._Treatment with the lead candidate robustly promotes oligodendrocyte
myelination in the developing brain and remyelination in the lesions induced by lysolecithin-or
experimental autoimmune encephalomyelitis (EAE)-induced demyelination as well as
myelination of regenerated axons after optic nerve crush injury. Thus, our studies established a
platform for high-throughput screen of compounds that can induce myelin-producing potential
from mature oligodendrocytes and provide a better understanding of the inhibitory cues that limit
myelination or remyelination and inform potential future therapeutic treatment for demyelinating
diseases.
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Abstract: Multiple sclerosis (MS) is an inflammatory, autoimmune disease of the central
nervous system (CNS) that is characterized by segmental demyelination and variable degrees of
axonal and neuronal degeneration. MS also disproportionately affects females (3:1), however
males typically have more severe symptoms. Because males and females differ in their
physiology and immune responses, they also may respond differently to therapies. In both sexes,
effective remyelination and prevention of neurodegeneration can mitigate disability in MS but
currently, there is a limited number of MS therapies available with broad neuroreparative
impacts. Evidence in early MS demonstrates that endogenous repair mechanisms exist as
efficient remyelination can occur even prior to treatment. Thus, by targeting already existing
repair mechanisms in MS, we have the ability of enhancing that intrinsic repair. Previously we
have shown that acute intermittent hypoxia (AIH) is a highly effective, novel non-invasive
therapy for peripheral nerve repair, including remyelination. But its potential for repair in MS
was unknown. As a result, we examined the capability of AIH to enhance intrinsic repair in both
sexes using the MOGss 55 experimental autoimmune encephalomyelitis (EAE) mouse model of
MS. One week of daily AIH treatment (10 cycles of 5 min 11% oxygen [hypoxia] alternating
with 5 min 21% oxygen [normoxia]) begun at near peak disease significantly improved clinical
scores and associated histopathology relative to normoxia control EAE animals. AIH enhanced
correlates of myelination, axon protection and recruitment of oligodendrocyte precursor cells to
the demyelinated areas. AIH also effected a dramatic reduction in inflammation, polarizing
remaining macrophages/microglia towards a pro-repair state. These results were evident in
parallel in both male and female mice suggesting that AIH demonstrates beneficial effects in a
similar manner in both sexes. Together, this research provides evidence to support that AIH
generates a favourable environment for significant repair and holds promise as a novel non-
invasive neuroreparative strategy for MS in both males and females.
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Abstract: Multiple sclerosis (MS) is an immune-mediated demyelinating disorder that leads to
axonal and neuronal degeneration. The accumulation of misfolded myelin protein triggers the
unfolded protein response (UPR) and cholesterol biosynthesis pathways to promote the
activation of cytoprotective genes in an attempt to alleviate endoplasmic reticulum (ER) stress.
Failure to resolve the stress, however, can lead to continual activation of the aforementioned
pathways and eventual cell death. Here, we demonstrate that the ER stress-associated
transcription factor Luman/CREB3, which has previously been shown to play a major role in
axonal regeneration by regulating adaptive low-level stress responses in injured sensory neurons
through the UPR and cholesterol biosynthesis pathways, plays a role in regulating survival and
myelinating capacity of Schwann cells (SCs) and oligodendrocytes (OLs). Knockdown of Luman
in primary SCs and OLs by siRNA led to a marked decrease in both cell viability (22% decrease
in SCs and 25% decrease in OLs compared to naive and control siRNA-transfected cells,n =6
exp replicates) and the expression of brain-derived neurotrophic factor (BDNF) (70% reduction
in SCs and 50% reduction in OLs, n = 3 exp replicates), a known positive regulator of
myelination. The effect of Luman knockdown in SCs and OLs on the expression profiles of other
known UPR regulators is currently being studied. An adenoviral rat Luman construct was
employed to overexpress Luman in myelinating glia and examine its impact on myelination in
mixed cultures of P3 Wistar rat sensory neurons and SCs or OLs. Increased myelination and
myelin production was observed in myelinating glia with elevated Luman levels, as determined
by quantifying myelin basic protein (MBP) levels as a function of numbers of axons present.
This study uncovers an essential role of Luman in the survival and myelinating capacity of
myelinating glia. Thus, a potential connection between activating adaptive ER stress pathways
and inducing intrinsic cytoprotective mechanisms in myelinating glia may exist, both of which
open avenues for designing non-invasive treatments for demyelinating disorders such as MS.
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Abstract: Multiple sclerosis (MS) is an inflammatory demyelinating disease that results in the
disruption of neuronal transmission and ultimately neurodegeneration. Current treatments focus
on suppressing the immune system to limit inflammation and the further loss of the myelin
sheath. The next advance in the treatment of MS has focused on molecules that promote
remyelination in inhibitory environments. One important question is how inflammatory factors
released over the course of MS impact OPC differentiation. Macrophages are an innate immune
cell known to infiltrate the CNS and accumulate in MS lesions. Macrophages release numerous
factors that negatively impact OPC differentiation and remyelination efficiency. Among other
things, they express choline acetyltransferase (ChAT) and autotaxin (ATX), the enzymes
responsible for producing acetylcholine and lysophosphatidic acid (LPA), respectively. Previous
work from our lab has shown that direct application of either ligand as single agents inhibit OPC
differentiation. Pipeline Therapeutics has developed brain penetrant, selective, small molecule
antagonists against M1 (PIPE-307) or LPAL (PIPE-791). In the presence of their respective
ligands, both small molecules antagonize their receptors, and permit OPC differentiation. To
understand the impact of macrophages on OPC differentiation, we turned to a more complex,
transwell culture system whereby OPCs are cultured in one compartment, macrophages in
another, but media is freely exchanged. There are two key advantages this system has over an
isolated OPC culture, 1) invading immune cells release a multitude of factors at various
concentrations into the OPC environment and thus better represents the disease state in contrast
to OPCs alone, 2) some of the secreted inhibitory/ factors are labile and the physical presence of
macrophages provides a constant, renewable source unlike conditioned media which can be
depleted. Using this system, we observed a significant increase in the number of
oligodendrocytes with either PIPE-791 or PIPE-307, demonstrating that even in the presence of
inhibitory macrophages, either mechanism alone is sufficient to overcome the repression of
differentiation. Both are promising therapeutics to promote remyelination in people with
Multiple Sclerosis. PIPE-307 is currently advancing in phase 2 clinical trials while PIPE-791 is
entering IND enabling toxicity studies.
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Abstract: The myelin sheath, produced by oligodendrocytes, provides insulation for signal
conduction along retinal ganglion cell (RGC) axons and when disrupted, can delay or block
visual signals. Patients with optic neuritis (characterized by the demyelination and inflammation
of the optic nerve) experience sudden deficits in visual acuity, color perception, and contrast
sensitivity followed by spontaneous recovery of the visual field. However, persistent deficits in
contrast sensitivity and thinning of retinal layers (including retinal nerve fiber, ganglion cell
(GCL), and inner plexiform layers (IPL)) indicate a complex relationship between myelination,
nerve conduction, and retinal connectivity which is not yet fully understood. This study evaluates
optic nerve function and retinal organization in an inducible demyelinating mouse model (MBP-
ICP9) using extracellular nerve recordings of compound action potentials (CAPSs) and
immunohistochemistry. In MBP-iCP9 mice, selective oligodendrocyte ablation in the optic nerve
is induced by injection of the chemical inducer of dimerization (CID) into the eye at P14, which
triggers apoptosis of a population of oligodendrocytes expressing myelin basic protein (MBP)
and the inducible caspase-9 (iCP9) sequence. Two weeks post-injection, transgenic mice injected
with CID were compared with Vehicle-injected (Veh) or untreated (Naive) transgenics as
controls. We find that CID-treated MBP-iCP9 mice have a loss of oligodendrocytes in the optic
nerve (n>5) and altered CAP responses, including fewer functional axons and a loss of the
slowest-conducting axon populations (n>8). In the retina, lower GCL density and thinner IPL
and ON-sublamina thickness were observed in CID-injected MBP-iCP9 mice compared to
controls. Quantification of alpha-RGC and amacrine cell density using molecular markers Brn3a
and choline acetyl transferase identified a reduction in alpha-RGCs in temporal regions of the
retina (n=3) and a significant loss of displaced cholinergic amacrine cells in central regions of
the retina (n>5). Preliminary analysis found altered distribution of RGC subtypes, including
reductions in ON-sustained and OFF-transient alpha-RGCs in CID-treated transgenic retinas
(n>4). These results show that induced oligodendrocyte loss that disrupts conduction in a subset
of RGC axons also affects the organization of alpha-RGCs and cholinergic amacrine cell
populations. This suggests that functionally-relevant demyelination in RGC axons can alter
retinal networks, demonstrating the regulatory role of myelination in the maintenance of
upstream neural networks.
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Abstract: The taiep rat is an animal model of tubulinopathy, which shows progressive hypo-
myelination and demyelination of the central nervous system (CNS). The hypo-demyelination
renders neuroinflammation and motor behavior dysfunction and is caused by an abnormal
accumulation of microtubules in oligodendrocytes due to the Ala302Thr single-point mutation in
the B-Tubulin 4a protein. Our research group has previously demonstrated (Vargas-Castro et al.,
2021) that taurine administration might improve the taiep pathology by stimulating cell
proliferation and promoting myelination, which alleviates motor impairment. In this work, we
use an in silico approach to demonstrate that the Ala302Thr mutation induces structural changes
in the B-Tubulin 4a protein, which increase the microtubule’s hyper-polymerization. In addition,
we found that taurine and its metabolite (taurine chloramine) might prevent hyper-
polymerization, hence improving taiep’s motor pathology. We used homology modeling to
obtain the structures of mutated (taiep) and native (Sprague Dawley, SD) B-tubulins, using the
primary structure B4F7C2_RAT (UniprotKB) as a template. The models for §/B-Tubulin 4a
dimers were built and then analyzed with molecular dynamics simulations under physiological
conditions (310K, pH=7). The last 20 conformations, for each dimer, were docked with taurine
or taurine chloramine and the Gibbs free energy of interaction was calculated. The radius of
gyration (which measures the compactness of a protein) is 2A smaller in the taiep’s dimer than in
the SD’s, i.e., the mutated taiep B/B-Tubulin 4a dimers are more compact than the SD
counterparts. The RSMD showed that the taiep dimers move less (12A), relative to the SD
dimers. These results suggest that the taiep mutated dimer is more rigid and less dynamic than
the native SD dimer. We also found that the M loop of the taiep B-Tubulin 4a protein (amino
acids 282-289, which regulate the /P lateral interactions) shifts (RMSD 98.76A) compared with
the SD dimer. This structural change strengthens the coupling between lateral B-Tubulins, which
might be responsible for the hyper-polymerization in the taiep rat. While assessing the role of
taurine or taurine chloramine on the dimer, we found that the lowest binding energy state occurs
when taurine chloramine binds to the M Loop, with an affinity of -4.43 + 0.086 kcal/mol. In
summary, our findings suggest that a) Ala302Thr mutation promotes structural changes in the M
Loop, causing taiep mic