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Abstract: Astrocyte-to-neuron reprogramming holds promise in regenerative medicine. To
understand microRNA function during this process, we performed RNA-seq on human
astrocytes with NeuroD1 overexpression. Here, we reported that NeuroD1 induced drastic
upregulation of two miRNAs, miR-375-3p and miR-124-3p, as well as many neuronal genes.
Further analysis revealed that miR-375-3p targeted neuronal ELAVL genes (nELAVLS), which
encode a family of RNA-binding proteins and were also upregulated by NeuroD1. By
overexpression and knockdown experiments, we showed that manipulating miR-375-3p level
can regulate nELAVLs expression during NeuroD1-mediated reprogramming, and miR-375-3p
overexpression promoted cell survival without interfering neuronal reprogramming process.
Interestingly, overexpression of miR-375-3p-refractory ELAVL4 induced cell death in human
astrocytes and abolished the cell survival-promoting effect of miR-375-3p during
reprogramming. Therefore, we propose that miR-375-3p modulates the level of upregulated
nELAVLs expression during NeuroD1-mediated neuronal reprogramming, and that miR-375-3p
overexpression increases NeuroD1-mediated reprogramming efficiency by reducing cell death.
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Abstract: RNA-binding protein Imp plays multiple roles in generating neural diversity
Sensory perception and motor output can generate complex behaviors. Generating appropriate
behavior requires a complex and diverse nervous system, which arises during development. Both
Drosophila and primates have neural stem cells that generate intermediate neural progenitors
(INPs) which expand neuronal diversity, called type Il neuroblasts (T2NB) in fly and OSVZ
progenitors in primates. In Drosophila, each successively born INP will generate a distinct
family of neurons, but little is known about how INP/neuronal fates are diversified. One potential
model is temporal patterning, where changes in gene expression in the T2NB over time lead to
changes in INP/neuronal identity. One candidate temporal factor is the RNA-binding protein
Imp, which forms a high-to-low protein gradient in T2NBs through development. During this
Imp expression window, three different neuronal subtypes are generated consecutively as Imp
levels decrease. These three subtypes all reside in the central complex, a brain structure
important for celestial navigation. We hypothesize that distinct Imp levels specify the three
distinct neural cell types. To test this, we used Drosophila genetics to knock-down Imp in
T2NBs, eliminating its protein gradient, and assayed the three neuronal subtypes for altered cell
numbers or axon/dendrite morphology. Surprisingly, Imp was not required in T2NBs to specify
neuronal identity. Rather, loss of Imp resulted in a delay of T2NBs to exit from quiescence in
early larval stages. Lastly, we found that Imp expression persists into post-mitotic neurons, and
neuron-specific Imp knockdown led to abnormal neuronal morphology. We conclude that Imp
has two distinct roles in brain development: first acting in T2NBs to promote exit from mitotic
quiescence, and second acting in post-mitotic neurons to establish proper axon/dendrite
morphology.
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Abstract: Objective: To develop a potential cell-based therapy for Canavan disease (CD) using
human induced pluripotent stem cells (iPSCs).

Background: Canavan disease is a fatal leukodystrophy caused by mutation of the aspartoacylase
(ASPA) gene, which leads to deficiency in ASPA activity, accumulation of the substrate N-
acetyl-L-aspartate (NAA), demyelination, and spongy degeneration of the brain. There is neither
a cure nor a standard treatment for this disease.

Design/Methods: In this study, we established human iPSC-based cell therapeutic candidates for
CD. We first established Good manufacturing process (GMP)-compatible methods for human
IPSC derivation, expansion, and differentiation. We then generated iPSCs from CD patient
fibroblast cells and differentiated these iPSCs into iNPCs. To reconstitute ASPA activity which
is deficient in both CD patients and mouse models, we developed ASPA iNPCs by introducing a
functional ASPA gene through lentiviral transduction. We then transplanted the ASPA iNPCs
into Nur7 mouse brains (CD mouse model).

Results: Compared to control Nur7 mice, ASPA iNPC-transplanted Nur7 mice showed
statistically significant: 1. Elevated ASPA activity, 2. Reduced NAA levels, 3. Reduced brain
vacuolization, 4. Improved myelination, 5. Improved rotarod performance, 6. Improved grip
strength, and 7. Improved survival. There were no signs of tumorigenicity. These effects were
present at 3 months and sustained at least 6 months after transplantation.

Conclusions: iNPCs derived from CD patient iPSCs that were transduced with a functional
ASPA gene are able to ameliorate disease phenotypes (biochemical, cellular, and functional) in a
CD mouse model . The therapeutic effect is long-lasting, showing no diminishing effect 3 and 6
months post-transplantation.
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Title: Maternal exposure to polystyrene nanoplastics causes brain abnormalities in progeny
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Abstract: As global plastic production continues to grow, microplastics released from a massive
quantity of plastic wastes have become a critical environmental concern. These microplastic
particles are found in a wide range of living organisms in a diverse array of ecosystems. In this
study, we investigated the biological effects of polystyrene nanoplastic (PSNP) on development
of the central nervous system using cultured neural stem cells (NSCs) and mice exposed to PSNP
during developmental stages. Our study demonstrates that maternal administration of PSNP
during gestation and lactating periods altered the functioning of NSCs, neural cell compositions,
and brain histology in progeny. Similarly, PSNP-induced molecular and functional defects were
also observed in cultured NSCs in vitro. Finally, we show that the abnormal brain development
caused by exposure to high concentrations of PSNP results in neurophysiological and cognitive
deficits in a gender-specific manner. Our data demonstrate the possibility that exposure to high
amounts of PSNP may increase the risk of neurodevelopmental defects.
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Abstract: RATIONALE: Transplantation of Neural Stem Cells (NSCs) is a promising
regenerative strategy to promote neural repair following spinal cord injury (SCI) because NSCs
can replace the cellular niche lost due to trauma. However, large-scale manufacturing of induced
pluripotent stem cell (iPSC) lines can produce variability in cultured cells. Plating density is an
amendable parameter during mass manufacturing of cell lines, which can regulate the survival,
proliferation, differentiation, and fate choice of stem cells. OBJECTIVE: To assess
transcriptomic and fate choice discrepancies of transplanted, human (h)iPSC-NSCs plated at high
or low seeding densities. METHODS: hiPSC-NSCs were expanded in vitro at either a low
(5x10* cells/ml) or high (2.5x10° cells/ml) plating density for 7 days. Subsequently, hiPSC-NSCs
were (1) characterized for their ability to differentiate into neurons, astrocytes, and
oligodendrocytes in vitro; (2) transplanted into an immunodeficient (RNU Nude Rat) Cervical
6/7 contusion model of SCI; (3) and isolated for RNA-sequencing after in vitro culture and in
vivo transplantation. RESULTS: Compared to a lower hiPSC-NSC culturing density, a higher
density promoted differentiation towards a more neuronal fate (High: 45%; Low: 23%
Neurons/total cells), and less mature astrocytes (High: 30%; Low: 47% Astrocytes/total cells).
Following Gene Ontology (GO) transcriptomic analyses, enriched genes involving
Neurogenesis, NOTCH, and Wnt signaling were differentially expressed. Modulation of these
pathways are highly associated with the regulation of pro-neuronal transcription factors, which
were upregulated in response to higher-density hiPSC-NSC culturing. Enhanced NOTCH/Wnt
signaling was maintained in transplanted hiPSC-NSCs that were cultured at a higher density,
which enhanced neuron and synaptic development-related biological pathways.
CONCLUSIONS: Culturing hiPSC-NSCs at a higher density may bias their differentiation fate
towards a neuronal lineage. Moreover, this study highlights the importance of precise control of
cell culture density in the development of hiPSC-NSC transplantation therapies. Ideally,
consistent culturing techniques during the manufacturing stages of hiPSC-NSC culture can
promote more robust cell therapeutics for SCI.
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Abstract: Human brain organoids have potential to be used as a substrate for brain repair
following injury, however the factors affecting survival and integration of transplanted organoids
are unknown. In this study, we characterize the survival and growth of organoids of different
ages by volume, presence of neural progenitors, and angiogenesis. Human forebrain organoids at
two ages (d20-25, d55-60) were transplanted into the motor cortex of adult rats immediately
following an aspiration injury. The first cohort was survived for 1 month post transplantation
(MPT, n=6); the second cohort was survived for 2 MPT (n=16). Axon projections from the
organoids were seen in the adjacent host cortex at both timepoints. At the time of perfusion,
transplanted organoids of both age groups contained neural progenitors that were positive for
Sox2, Pax6, and nestin. Additionally, there was evidence of ingrowth of blood vessels from the
host (CD31+/GFP- cells) within the organoid grafts. Survival of organoids post-transplantation
was >90% overall, with 11/11 (100%) of d20-25 aged organoids surviving and 9/11 (82%) of
d55-60 aged organoids surviving. Pre-transplantation organoid size at d20-25 was significantly
smaller than d55-60 (p<0.0001). However, average organoid volume at 2 MPT was significantly
increased from pre-transplant volume in only d20-25 organoids (p=0.0156) and not d55-60
organoids (p=0.1518). Younger organoids also trended toward having a larger end-volume, with
the mean d20-25 volume being 3.1x larger than d55-60 at 1IMPT (p=0.3211) and 1.74x larger at
2MPT (p=0.5090). Older organoids, however, had less deviation from the pial surface than did
younger organoids at 2 MPT, with d55-60 having less overgrowth of the aspiration cavity than
d20-25, though the difference is not statistically significant (p=0.1288). These data suggest that
while younger organoids have a greater rate of growth than do older organoids, older organoids
may have a more predictable end-volume with less deviation from the pial surface at 2MPT, and
thus more potential for application in clinical use. Though further investigation is needed to
clarify the influence of organoid maturity on integration, the survival rate and degree of post-
transplant growth provide initial insight into this relationship.
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Abstract: Here, we explore stem cell mechanics and cytoarchitectural changes in the
ventricular-subventricular zone (V-SVZ) following viral exposure in a mouse model of
hydrocephalus. Congenital hydrocephalus, a common birth defect affecting 1 in 770 infants, is
characterized by expansion of the cerebroventricular system. One common cause of this disorder
is infection, resulting in post-infectious hydrocephalus (PIH). PIH can occur following maternal
infection during pregnancy, resulting in viral and inflammatory exposure to the developing fetal
and neonatal brain. Our group is interested in the effects of PIH on the V-SVZ, an active stem
cell niche present throughout embryonic development and retained exclusively along the lateral
wall of the lateral ventricles postnatally. V-SVZ stem cells populate the developing brain with
newly generated neurons and glial cells, including multi-ciliated ependymal cells, generated
through the process of ependymogenesis. In the neonate, a monolayer of ependymal cells lines
the ventricles providing a protective barrier and fluid/solute exchange system. Ependymal cells
also provide laminar flow of cerebrospinal fluid at the ventricle surface via their apically-
oriented motile cilia.We have developed a novel mouse model of PIH that is based on
intracerebroventricular injection of influenza or a non-virulent component of influenza
(neuraminidase) at two specific timepoints: embryonic day 16 (prior to the development of the
ependyma) and postnatal day 4 (following completion of the ependymal monolayer). Heat-
inactivated influenza and saline were used as controls. Influenza was found by
immunohistochemistry to target ependymal cells. For both the postnatal and embryonic
timepoints, PIH was observed in approximately 60% of mice injected with either neuraminidase
or influenza. This was confirmed by serial section reconstructions of the lateral ventricles or by
MRI (11.7T small animal) at post-natal day 30. Based on MRI acquisitions, regions of lateral
ventricle expansion showed ependymal denudation and accompanying astrogliosis. Additionally,
olfactory bulb neurogenesis was assessed to determine the chronic effects on V-SVZ stem cell
output. Our PIH model also provides a means to assess inflammatory response and ultimately the
reparative capacity of the V-SVZ stem cell niche at different developmental time points.
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Abstract: We have demonstrated the existence of a new subclass of NIHes-1 expressing neural
stem cells and NDHes-1 expressing neural progenitors/RGCs in the developing neocortex. The
new subclass of NIHes-1 expressing neural stem cells are quite unique since they are not
dependent on cell-cell interaction as observed with NDHes-1 expressing RGCs. Therefore, it is
important to completely characterize this unique subpopulation of NIHes-1 expressing neural
stem cells which will have profound implications in terms of maintenance/expansion of neural
stem cells in the ventricular zone of developing neocortex. We asked the following question. A)
What is the role of NIHes-1 and NDHes-1 expressing cells in the developing neocortex? To
address these questions we have custom generated a new conditional Knockout mice model with
floxed NIHes-1 promoter region (NIHes-1f/f) from Cyagen Biosciences Inc. We have generated
a Nestin CreERT2: NIHes-1f/f conditional knockout mouse model for knocking out non-
canonical Hes-1 promoter region (NIHes-1) in Nestin+ve neural stem cells. This will be the most
appropriate tool to understand the functional significance of this newly identified subclass of
NIHes-1 expressing neural stem cells in developing neocortex. We injected tamoxifen at E14
which is known as the peak of neurogenesis and collected the neocortex at E18 for all our
experiments. From immunocytochemical analysis and transcriptomic analysis we found that
upon knocking out NIHes-1 expression a shift from non-canonical Notch activation to canonical
Notch activation occurred resulting in premature differentiation. We could also find an
upregulation of early maturation signature as well as the reduction of a pool of dividing primitive
neural stem cell population upon knocking out NIHes-1 expression. Thus, we can conclude that
NIHes-1 promoter activation at the embryonic stages maintains the cycling neural stem cell
population and in the absence of NIHes-1, early maturation of the primitive stem cell pool is
taking place.
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Abstract: Cognitive impairment increases with age and worsens in dementia. Regenerative
medicine offers the unrealized potential to treat cognitive impairment. However, endogenous
neural stem cell (NSC) function declines with age of unclear mechanisms. Here, we developed a
single cell computational drug screening technology to reinstate NSC activity, neurogenesis, and
cognition in older mice by mimicking younger NSC programs. “Revealing Origins and
Ontological Targets (ROOT)” reconstructed single cell transcriptomes into cell-lineage
pseudotimes and identified transcriptomic signatures (TS) that define age-related NSC activity
loss. ROOT then screened 1309 clinically relevant small molecules for their ability to
recapitulate the TS gene networks mediating NSC activity. Three of the top 5 TS-mimicking
compounds increased NSC activation when administered to middle-aged mice. Among them, SS
sustained NSC proliferation, expanded the NSC pool, increased neurogenesis, and improved
cognitive function. We therefore demonstrate the utility of a new single cell
pharmacotranscriptomics platform by revealing unexpected neural stem cell capacity for



regenerative medicine. The identified compound SS represents a lead target toward treatment of
cognitive impairment.

Disclosures: L. Peng: None. M.M. Bay: None. A.B. Schroer: None. A. Ibrayeva: None. N.
Zhang: None. L. Sumrow: None. J. Tsoi: None. J. Wu: None. A. Hidalgo: None. J. Levi:
None. W. Xiang: None. S.A. Villeda: None. M.A. Bonaguidi: None.

Poster

265. Neural Stem Cells: In Vivo Studies

Location: SDCC Halls B-H

Time: Monday, November 14, 2022, 8:00 AM - 12:00 PM
Program #/Poster #: 265.10

Topic: A.03. Stem Cells and Reprogramming

Support: NIH (AG064077)
Donald E. and Delia B. Baxter Foundation
L.K. Whittier Foundation
Eli and Edythe Broad Foundation grants to M.A.B

Title: Exercise slows neural stem cell aging and AD risk with clonal selection

Authors: *W. XIANG!, L. PENG?, M. M. BAY3, M. LIU% T. DING* J. WU* J. TSOI4, L.
SUMROW*, J. LEVI}, M. MARING*, N. ZHANG*, T. REINISTO* A. IBRAYEVAS, L.
EKMAN* K. HAMANE* M. A. BONAGUIDI5;

1USC Davis Sch. - Buck Inst. Grad. Program in the Biol. of Aging, 2Neurosci. Grad. Progem,
3Stem Cell & Regenerative Med., “Dept. of Stem Cell Biol. and Regenerative Med., °Stem Cell
Biol. & Regenerative Med., USC, Los Angeles, CA; ®Dept. of Stem Cell Biol. and Regenerative
Med., Broad CIRM Ctr. At USC, Los Angeles, CA

Abstract: Exercise acts as a countermeasure against aging and Alzheimer’s disease (AD).
Several lines of evidence indicate that the beneficial effects of exercise target neurogenesis and
synaptic plasticity. However, how exercise shapes neural stem cell (NSC) function to maintain
lifelong hippocampal plasticity remains unknown. Here, we utilize single-cell technologies to
uncover exercise slows NSC aging and reduces AD risk. In vivo single cell lineage tracing
revealed that exercise promotes clonal selection by activating quiescent NSCs for self-renewal
and depleting neurogenic NSCs. Interestingly, NSC symmetric self-renewal compensated for
those lost to differentiation allowing for enhanced neurogenesis without prematurely depleting
the overall NSC pool. Prolonged clonal tracing further showed that the selected self-renewed
NSCs are more resistant to aging-related NSC depletion. Single cell RNA-sequencing and
multiple bioinformatic analyses determined that exercise slows NSC molecular aging. In
particular, exercise mitigates an age-associated increase of AD risk gene expression within
NSCs. Our results demonstrate a new regenerative function of exercise to promote healthier
brain aging.
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Abstract: Spinal cord injury (SCI) results in the loss of myelinating oligodendrocytes, ultimately
contributing to impaired neural communication. Neural progenitor cell (NPC) transplantation is
an attractive approach to replace the neural cells that have been lost following SCI and to
promote beneficial trophic effects. However, the injury microenvironment predominantly directs
NPCs to differentiate into scar-forming astrocytes, at the expense of oligodendrocytes and
neurons. In order to promote oligodendrocyte differentiation, we aimed to generate inducible
oligodendrogenic NPCs (ioNPCs) and to characterise the neuroregenerative role of the cells in
cervical SCI. Human ioNPCs were prepared by engineering iPSC-NPCs to express Olig2 under
the control of the conditional doxycycline-inducible Tet-ON promoter. The cells were then
treated with doxycycline in order to identify the optimal doxycycline treatment timeline. To
characterise the cells in vitro, RT-gPCR and immunocytochemistry were used. For in vivo
assessments, a cervical SCI was induced in RNU immunodeficient rats followed by
transplantation with either ioNPCs or vehicle. Behavioural recovery was monitored weekly for
fifteen weeks post SCI. Following sacrifice, histological methods were used to determine ioNPC
differentiation, remyelination and tissue preservation. Additionally, bulk RNA sequencing was
performed in order to assess the transcriptomic hallmarks of ioNPC transplantation. We found
that several genes involved in oligodendroglial lineage determination were upregulated in the
IONPCs compared to the unbiased NPCs that were not treated with doxycycline in vitro. These
genes included OLIG1, OLIG2, PDGFRA and NKX6.1. Immunostaining showed that the
IONPCs gave rise to an increased proportion of O1+ oligodendrocytes than the unbiased NPCs in
vitro. Enhanced oligodendroglial differentiation was also observed in vivo. Additionally,
immunohistochemical analyses demonstrated that ioNPC transplantation contributed to MBP+



remyelination and that tissue integrity was improved in the ioNPC group. During the
transcriptomic analyses, it was found that several pathways were differentially expressed in the
IONPC transplantation group. Importantly, ioNPC transplantation correlated with significantly
better grip strength compared to vehicle (p < 0.05). Overall, this work suggests that ioNPCs can
promote remyelination and several other neuroregenerative effects which correlate with
functional recovery post SCI.
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Abstract: Adult neural stem/precursor cells (NSPCs) of the subventricular zone (SVZ) serve as
a reservoir for brain plasticity and repair, and microglia, key innate immune cells, are integral
components of the SVZ stem cell niche. To identify microglial states governing NSPC behavior,
we performed single-cell RNA sequencing and cross-communication analysis of NSPCs and
microglia after cortical photothrombotic ischemia (PT) in mice. Here, we show a stroke-induced
cell-cycle arrest, followed by cell death of NSPCs during their neuronal lineage progression
within the SVZ. We identified a discrete stroke-associated microglial state that phagocytoses
apoptotic NSPCs within the stem cell niche. Furthermore, pharmacologic depletion of microglia
increased NSPC survival and formation of doublecortin-expressing neuroblasts within the SVZ.
Finally, we developed a repository of interacting ligand-receptor pairs potentially driving novel



facets of NSPCs and microglia cross-communication after stroke. Thus, we propose that SVZ
niche stroke-associated microglia prevent the SVZ neurogenic response after stroke.
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Abstract: Direct reprogramming involves converting one differentiated cell type immediately
into another through overexpression of transcription factors that specify cell fate. Unlike other
types of reprogramming, where mature post-mitotic cells are brought back to a proliferative stem
cell state, direct reprogramming is thought to occur between two terminally differentiated cell
types. In many examples of direct reprogramming questions regarding the heterogeneity and
biases of the starting cell population remain largely unexplored. This heterogeneity may arise
both at the level of embryonic developmental lineage as well as the maturity of cells. Our study
investigates heterogeneity in the often-used paradigm of directly reprogramming neurons from
cells in the murine skin. The data shown here indicate lineage and cell type heterogeneity in the
starting skin cell population and favor an elite model of direct reprogramming. In this model a
subset of cells in the skin cultures have an intrinsic and enhanced ability to turn into neurons
when being forced to express the neuron fate specifying transcription factors Brn2, Ascll1, and
Mytll. Krt15-Cre; TdTomato mice mark epidermal lineage cells. When skin from these mice
was neuronally reprogrammed none of the resulting neurons were of an epidermal lineage. When
skin cells are neuronally reprogrammed from a Wnt1-Cre; TdTomato mouse that marks the
neural crest (NC) lineage all the resulting neurons are derived from the NC. Furthermore, when
NC and non-NC cells of the skin are purified using FACS, approximately 95% of the
reprogramming occurs in the NC purified population. These data indicate a cell-autonomous bias
for NC cells in the skin to be directly reprogrammed to neurons. Within the NC compartment in
the skin there are differing levels of cellular maturity including a population of NC stem and
progenitor cells marked by expression of Sox2. When these NC stem cells are killed off in vitro
or in vivo using a Sox2-Cre; ROSA-DTA mouse, approximately 70% and 80% of neuron
reprogramming was eliminated, respectively. Overall, these results support a model where



directed differentiation of a neural crest stem cell population explains most of what was
previously thought to be direct neuronal reprogramming from a non-neural cell type in the skin.
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Abstract: Reprogramming cell fate has vast potential to provide a deeper understanding of brain
development and to be harnessed for therapeutic use. As neurons are not added to the adult brain,
apart from some spatially-restricted regions, reprogramming glia into neurons provides a novel
option to replenish a population of neurons lost to disease or injury. However, current
approaches to cellular reprogramming using continuous forced single or multiple instructive
genes do not allow control of the orchestrated sequence of instructive signals seen in normal
development. This can result in low efficiency of cellular reprogramming with a substantial loss
of cells following initial induction. To address this limitation, we have engineered a regulatable
gene expression system to control temporal expression of sequential genes instructive for
survival and subtype specification of neurons induced from NG2 glia. This novel switch
expression system for reprogramming is an innovative approach that is able to more closely
mimic in vivo lineage specification by permitting control of the timing of lineage specification.
We targeted in-vitro a mitotically active population of human-derived NG2 glia also known as
oligodendrocyte progenitor cells (OPCs) to reprogram into neurons using retroviral gene
delivery. To achieve neuronal induction, we express the developmental pioneering factor
neurogenin-2 (Ngn2) with a fluorescent reporter. The Ngn2-GFP construct is expressed in the
first position of a dual construct tamoxifen inducible CRE recombinase system with Bcl2-DsRed
in the second. Addition of tamoxifen leads to an excision of the first construct and expression of
the second gene set. Here, we tested the capacity of human-derived OPCs to reprogram and the
use of the switch design to induce a second cell survival gene set. Forced expression of Ngn2
successfully induced a neuronal phenotype. Different durations of expression were evaluated.
Limiting the duration of inductive signals to 3 days post infection appeared optimal for neuronal




reprogramming. The switch also enabled the expression of the second gene set expressing Bcl2
as an anti-apoptotic factor. Ongoing quantitative analysis indicates that this switch from pro-
neuronal geneset to a pro-survival gene set may lead to an increase in reprogrammed cell
survival. Ability to direct cell fate offers a powerful tool to enable regulation of sequential gene
expression that could be applied to many applications including increased cell survival and
neuronal subtype specification.
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Abstract: The choroid plexus secretes cerebrospinal fluid and is critical for the development and
function of the brain. In the telencephalon, the choroid plexus epithelium arises from the Wnt-
expressing cortical hem. Canonical Wnt signaling pathway molecule such as nuclear 3-
CATENIN is expressed in the mouse and human embryonic choroid plexus epithelium indicating
that this pathway is active. Point mutations in human 3-CATENIN are known to result in the
constitutive activation of canonical Wnt signaling. In a mouse model that recapitulates this
perturbation, we report a loss of choroid plexus epithelial identity and an apparent transformation



of this tissue to a neuronal identity. Aspects of this phenomenon are recapitulated in human
embryonic stem cell derived organoids. The choroid plexus is also disrupted when -Catenin is
conditionally inactivated. Together, our results indicate that canonical Wnt signaling is required
in a precise and regulated manner for normal choroid plexus development in the mammalian
brain.
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Abstract: Injury to the Central Nervous System (CNS) can lead to reactive astrocytes forming a
glial scar around the injury site. In vivo reprogramming is an emerging field of regenerative
medicine for neural repair where, through the overexpression of neuronal transcription factors
such as NeuroD1 (ND1), endogenous glial cells can reprogram into functioning neurons. To
achieve this reprograming, we injected ND1 plasmids with a CAG promotor packaged into a
retrovirus into the cortex of wild-type adult mice. In order to observe the reprogramming process
in vivo, we performed craniotomies and placed windows through which two-photon microscopy
could be utilized to image the infected cells labeled with GFP. This imaging was used to assess
morphological differences between ND1 injected mice and those injected with a GFP control
vector. Cell morphology and characteristics related to the amount of primary branching, overall
cell shape, symmetry, layout, and number of processes were assessed based on the two-photon
imaging to characterize infected cells as neuron-like, such as those found post injection in the
ND1 group, or whether they maintained glial-like cell morphology and characteristics, which we
saw in the GFP control group. ND1-injected mice also showed less proliferating cell pairs
compared to the GFP control, which supports the fact that the ND1-infected cells have
reprogrammed into mature neurons, and the GFP control cells remain glial cells. These imaging
techniques can help us to further characterize these morphological changes in vivo, as well as



answer questions of cell migration and functional integration during the neuronal reprograming
process.
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Abstract: The mammalian spinal cord has a remarkable and complex function, yet a limited
capacity for regeneration after injury. A damaged spinal cord is incapable of full regeneration,
leaving patients with few suitable options for restoring lost neurons which leads to the
deterioration of sensory and motor functions. In vivo reprogramming technology offers a
potential solution for replenishing lost neurons to treat spinal cord injuries. Previous work in our
lab has shown a 90% efficiency in converting astrocytes to neurons by using a transcription
factor, NeuroD1 (ND1). However, ND1-converted neurons have been shown to be mainly
glutamatergic neuronal subtypes. We believe that a high expression level of ND1 drives
astrocytes to one specific neuronal subtype. This has led us to design a new construct (ND1-
124b) that integrates ND1 expression with a microRNA-124 (miR-124) binding site in our in
vivo reprogramming system. miR-124, a neuron-specific microRNA, is not expressed in
astrocytes but is upregulated during neuronal reprogramming. Presumably, this construct still
achieves a high ND1 expression level in astrocytes to initiate proper neuronal reprogramming.
The inhibition of ND1 by endogenous miR-124 at a certain point during the reprogramming
process will lead to a lower level of ND1 and is expected to generate diversified neuronal
subtypes. Our data in human astrocyte cultures using imminoflouracence (IF) and western blot
suggest that combining ND1 and a miR-124 binding site reduces ND1 expression levels while
still converting astrocytes to neurons with an 80% efficiency. QRT-PCR analyses have verified
the specificity of miR-124 expression upon ND1 induction among HeLa, astrocytes vs.
converted-astrocytes to neuron cells. Neuronal subtypes generated by the ND1-124b construct
are investigated in human astrocyte cultures. In addition, we are determining the efficiency of the



ND1-124b construct in converting reactive astrocytes to neurons and their neuronal subtypes in
the mouse injured spinal cord. Our goal is to characterize this new construct in detail in its
reprogramming capability and develop it into a treatment for spinal cord injury with optimized
outcomes.
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Abstract: Recent publications have reported efficient astrocyte-to-neuron lineage conversion in
the adult mammalian brain using AAVs with specificity of glial expression conferred by using
glial fibrillary acidic protein (Gfap) regulatory elements (Mattugini et al., 2019; Qian et al.,
2020; Wu et al., 2020). Induced neurons in these studies display remarkable fidelity to mature
endogenous neurons. However, the interpretation of these data is tightly bound to assumptions
about the specificity of genetic tools used to restrict AAV transgene expression to astrocytes (e.g.
Cre-Lox system in mGfap-Cre transgenic mice).

Given the scientific and potential translational importance of these works, we tested these
assumptions by injecting two Cre-dependent AAVs (AAV5-CAG-FLEx-tdTomato, AAV5-
CAG-FLEx-Bcl2-T2A-GFP) into the cortex of adult mGfap-Cre transgenic mice. We find that
over time, these AAVSs label an increasing proportion of cortical neurons. At 2 weeks post-
injection (wpi), fewer than 20% of fluorescent cells are neurons. However, this rises steeply
between 4 and 8wpi and by 12wpi more than half of cells expressing the fluorescent reporter
transgenes were neurons. Driving AAV transgene expression from an hGfap truncated promoter
within the viral genome (AAV5-hGfap-dTomato::dlox-GFP(rev)-dlox) also shows a substantial
proportion of neurons labelled, which increases over the two months after viral injection into
mouse cortex (from less than 10% to 30% neurons).



We conclude that AAVs utilising these common genetic strategies to confer astrocyte specificity
are highly prone to labelling endogenous neurons. Particularly troublingly for their use in glia-to-
neuron reprogramming experiments, the proportion of neurons expressing viral reporter
transgenes tends to increase over time in the absence of any reprogramming factors. Without
implementation of robust methods to distinguish between reprogrammed and endogenous
neurons (Mattugini et al., 2019; Wang et al., 2021), this would directly confound interpretation
of glia-to-neuron reprogramming experiments. Furthermore, since Cre-loxP system and AAVs
are commonplace molecular tools outside of lineage reprogramming field, better understanding

these dynamics is crucial for studying glial biology in vivo.
Mattugini, et al, 2019. Neuron 103, 1086-1095 e1085.Qian, et al., 2020. Nature 582, 550-556.Wang et al, 2021. Cell.Wu et al., 2020. Nat

Commun 11, 1105.
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Abstract: Brain organoids are in vitro three-dimensional (3D) self-organized neural structures,
which have been used for several applications, including the study and mimicking of brain
development, the modeling of neuronal disorders and their employment in preclinical drug
screening tests. Beside the use of human induced pluripotent stem cells (hiPSCs), mouse
embryonic stem cells can be used to generate reproducible and standardized brain organoids in
an efficient time window. We adopted multipotent neural stem cells (NSCs) isolated from
embryonic subgranular zone (SGZ) to generated mature murine brain organoid in 5 weeks. By
optimizing a three-phase protocol, consisting of an expansion (day 1-4), induction (day 5-14) and
differentiation (day 14-36) step, we were able to mimic the stages of in vivo neuronal
development. Strictly, by adding low concentration of the morphogen Wnt3a during the early



phases of the protocol, we specifically induced the CA3 hippocampal phenotype in mouse brain
organoids. We investigated the specific hippocampal phenotype both via RT-PCR and
immunofluorescence. RT-PCR analyses showed an high expression of hippocampal-related
genes (e.g. Neurodl, Fzd9, Nectin3, Alk, Grik4, Sct) confirming the Wnt3a effectiveness in
inducing the hippocampal patterning. In the mature organoids we found the expression of the
pan-hippocampal (ZBTB20) and CA3 (Kal) markers, hippocampal neurons (ZBTB20/Map2*
and Kal*/Map2* cells) and a slight expression of the hippocampal CA1 (OCT6) and CA2
(FDZ9) markers. No expression of the dentate gyrus (DG) marker (PROX1) was found.
Additionally, functional properties measured by calcium imaging (Fluo-4 AM dye analysis)
revealed that organoids increased their spontaneous cellular activity during maturation, together
with a progressive differentiation trough early, intermediate, and mature stages - defined by the
expression of specific stemness (SOX2, Vimentin), neural progenitors (DCX) and mature
neuronal (Tubb3, MAP2) markers. Overall, our results showed the establishment of murine 3D
in vitro hippocampal model that may be a useful tool for high-throughput drug screening and
disease modelling. The possibility to generate hippocampal organoids could be further exploited
as an innovative tool for transplantation procedures and regenerative purposes.
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Abstract: Medication assisted treatment (MAT) for opioid use disorder is an effective way to
alleviate withdrawal in opioid users during pregnancy. However, medications used for the MAT,
such as methadone (MET), have been implicated in the disrupted fetal brain development which
can lead to neonatal abstinence syndrome in newborns and neurological deficits later in life.
Since buprenorphine (BUP) has been shown to cause less severe neonatal abstinence syndrome
than MET, we hypothesized that BUP has less injurious effect on neuronal activities in early



brain development. In this work, using cortical organoids generated from human induced
pluripotent stem cells, we examined how MET and BUP affect the neuronal activities on a
multielectrode array (MEA) system. Organoids cultured for 8 weeks were seeded in MEA plate
and treated with MET or BUP for a week starting from the 11th week, an organoid age that
simulates early to mid-gestation stages of human fetal brain development. Spontaneous activities
were recorded before treatment (on the 11th week) and after one week treatment (on the 12th
week) on a Maestro MEA machine (Axion Biosystems) and action potential firing rate (FR) was
calculated and normalized to the same sample recorded prior each treatment. Our results show
that, in the control group, the FR recorded on the 12th week increased by about 30% from
baseline (129.8+15.3% of baseline, n=9). In the MET treated group, however, the FR decreased
by about 93% from baseline (6.6+1.3% of baseline, n=9), which is significantly different from
the control group (p<0.001). In the BUP treated group, the FR decreased by about 64% from
baseline (35.4+6.2%, n=9), which is significantly different from control group (p<0.05). Further
comparison between the two treatment groups revealed that the FR in the BUP treated group is
significantly less suppressed than in the MET group (35.4+6.2% vs. 6.6+1.3%, p<0.05). In
another experiment, we used antibodies to SYN1 and PSD-95, to examine if the synapse
formation was reduced in the MAT medication-treated organoids. Indeed, we observed much
less PSD-95 immuno reactivity in MET treated organoids than control and BUP treated
organoids in the cryosections. In summary, both MET and BUP inhibit neuronal activities in
human cortical organoids but BUP imposed less severe suppression on the neuronal activity,
which may be due to the less severely disrupted synaptogenesis in organoids.
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Abstract: Cannabidiol (CBD) is the most abundant non-psychotropic cannabinoid found in
Cannabis Sativa. Recent studies have demonstrated therapeutic effects in several diseases of the
central nervous system, such as severe epilepsies in children. Despite the increasing use of CBD-
based therapies in children, whose brains are still developing, few studies have evaluated the
toxic effect of CBD on the developing brain. Neural progenitor cells (NPC) can be isolated and



cultured in two- and three-dimensional (2D and 3D), making both useful tools for studying the
effects of CBD. Our goal was to investigate the toxic effect of CBD on NPC in 2D and 3D in
vitro. The telencephalon region of rat embryos (E14.5) was dissected to obtain NPC. NPC were
seeded in 48-well plates pre-coated with laminin and poly-L-lysine at 100.000 cells/ml (2D
culture). For 3D culture, 1 x 10° of NPC were mixed with fibrinogen solution, 5% gelatin, 2.5%
GelMA. The bioink was transferred to a syringe, which in turn was connected to the 3D
bioprinter. The bioprint design consisted of a 6 x 6 x 4 mm grid, and the bioprinted scaffolds
were transferred to a 24-well plate. Cell viability analysis was measured using the following
technique: MTT, which directly reflects mitochondrial activity, Flow Cytometryto estimate the
degree of apoptosis, and Live/Dead-Viability/Cytotoxicity in 3Dculture. The colony formation
assay was performed to assess the proliferation of NPC in the presence of CBD. Cells were
exposed to CBD at concentrations of 1um, 5um, and 10um for 24h. All experiments were done
in triplicate. According to the results obtained, there is a significant decrease in viable cells and a
significant increase of cells in late apoptosis in the 5um and 10um CBD groups when compared
to the CTRL and 1uM CBD groups (p&It0.01). MTT data showed that the presence of CBD at
5uM and 10uM concentrations produces a significant increase in cellular toxicity when
compared to the CTRL and 1uM CBD groups (p&It0.5).The presence of CBD at 5uM and
10uM concentrations significantly reduced the proliferative capacity of NPC, observed by the
reduction of the size and formation of new neurospheres when compared to the CTRL and 1uM
groups (p&It0.01).The 1um dose did not present significant differences compared to the control
(p&gt0.5). Our data showed that CBD at higher concentrations, such as 5uM and 10uM, induces
cell death by apoptosis and decreases cell viability and proliferative capacity of NPC. Therefore,
it is possible that any exposure of high doses of CBD during stages in which cell division and
proliferation are essential for a correct neurodevelopmental processes, might cause adverse
effects for the developing central nervous system.
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Abstract: Stem cell technologies have presented explicit evidence of the neurodevelopmental
hypothesis of schizophrenia. However, few studies investigated relevance of the schizophrenia
genetic liability and the use of genetic reprogramming on pluripotent stem cells to the impaired
neurodevelopment shown by stem cells. Therefore, this study sought to investigate the cellular
phenotypes of induced neural stem cells (iINSCs) derived without genetic modification from
patients with schizophrenia and from genetic high risk (GHR) individuals. Three patients with a
diagnosis of schizophrenia, 3 GHR individuals who had two or more relatives with
schizophrenia, and 3 healthy volunteers participated. iINSCs were derived using a small
molecule-based lineage switch method, and their gene expression levels and migration
capabilities were examined. Demographic characteristics were not different among the groups
(age, x> = 5.637, P = .060; education, y> = 2.111, P = .348). All participants stayed well during
the follow-up except one GHR individual who developed psychosis 1.5 years later. Migration
capacity was impaired in iNSCs from patients with schizophrenia (SZ-iNSCs) compared to
INSCs from GHR individuals or controls (P <.001). iNSCs from a GHR individual who later
developed schizophrenia showed migratory impairment that was similar to SZ-iINSCs. Gene
expression levels of Sox2 in SZ-iINSCs were significantly lower than those in controls (P =.028).
Defective migration in genetically unmodified SZ-iNSCs is the first direct demonstration of
neurodevelopmental abnormalities in schizophrenia. Additionally, alterations in gene expression
in SZ-iINSCs suggest mechanisms by which genetic liability leads to aberrant neurodevelopment.
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Title: The role of FASN-dependent lipogenesis related mitochondria using human derived-iPSCs
and cerebral organoids during neurodevelopment
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Abstract: Lipid synthesis produces various products such as fatty acids, phospholipids,
glycolipids, sterols, and sphingolipids, which are important metabolic processes that constitute
membranes and tissues during the development of the nervous system. Among the various
pathways for lipid synthesis, de novo fatty acid synthesis (FAS) is a pathway that produces long-
chain fatty acids, using the fatty acid synthase enzyme (FASN). FASN is involved in the
regulation of neural stem cell activity. In a recent study, human FASN gene point mutation
R1819W has been reported with intellectual disability and developmental epileptic
encephalopathy. It indicated an association of FASN-dependent lipogenesis metabolism in
human brain development and disease. Mitochondria are important to regulate cell proliferation,
differentiation, and maturation precisely and sequentially through mitochondrial dynamics and
metabolic shifts during embryonic and neurogenesis in stem cell biology. In a recent study, it is
confirmed that mitochondrial dysfunction is induced by FASN-dependent lipogenesis inhibition
in iPSCs. This indicates that mitochondria associated lipogenesis is essential for maintaining
pluripotency and cellular activity of stem cells. Based on discovery that mitochondrial and lipid
metabolism suggests the importance of stem cell function and developmental potential.
However, it remains unclear how lipid and mitochondrial metabolism are related to neuronal and
brain development. To link between FASN-dependent lipogenesis and mitochondria, we mainly
focused on between mitochondria and lipid changes on neuronal and brain development in
FASN-deficient conditions. Here, we proposed that will aim to examine: (1) how deficient
FASN-dependent lipogenesis affects mitochondria and lipids in human neural stem cells and (2)
how deficient-FASN affects brain development using cerebral organoids. First, we aim to study
whether FASN-dependent lipid metabolism is related to mitochondria in NSCs. We used iPSC-
derived NSCs to examine how FASN affects mitochondria and lipids. Next, we will examine
how FASN affects the brain development and maturation process, we used human induced-
cerebral organoids to examine cell proliferation and structural integrity according to
developmental stage. Furthermore, it will help understand energy metabolism related neuronal
disorders during embryonic brain development.
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Abstract: Modeling brain disorders at the molecular level continues to be a challenge in the
field. Human-derived induced pluripotent stem cell models of brain promise to address
limitations of animal models, but how well these models accurately reflect normal brain cell
function as well as deterioration in disease remains under question. In particular, certain
neurological and psychiatric diseases as well as neurodevelopment itself are known to affect
brain cellular ageing which can be measured by DNA methylation biomarkers known as the
epigenetic clocks. Understanding the process of epigenetic ageing in human-derived cell models
would greatly advance the field. We have engineered a novel induced pluripotent stem cell-
derived model of neural progenitor cells and neurons from cultured postmortem human skin
fibroblasts, which we directly compare to brain tissue from the donor source. These cell lines (n
= 2 human subjects, 2 clones each), were validated for stem cell, neural progenitor cell, and
neuronal markers. We assessed the maturity of these models across differentiation from stem
cells to neurons using epigenetic clocks trained on adult (Horvath) and fetal (Steg) human tissue.
Within each human subject postmortem frontal cortex epigenetic age parallels that of cultured
skin fibroblasts; stem cell induction from fibroblasts cells effectively sets the epigenetic clock to
an embryonic age; and differentiation of stem cells to neural progenitor cells and then to neurons
progressively ages the cells. This study introduced an induced pluripotent stem cell model from
postmortem human fibroblasts that can be directly compared to corresponding brain tissue.
Differentiation of the stem cells into neurons effectively aged the cells via epigenetic readouts
which can be used as a molecular biomarker for neurodevelopment and diseases of brain ageing.

Disclosures: E.F. Mendez: None. L. Stertz: None. S.V. Movva: None. K. Moriel: None. T.D.
Meyer: None. G.R. Fries: None. C. Walss-Bass: None.

Poster

266. Neural Stem Cells: In Vitro Studies

Location: SDCC Halls B-H

Time: Monday, November 14, 2022, 8:00 AM - 12:00 PM
Program #/Poster #: 266.11

Topic: A.03. Stem Cells and Reprogramming

Title: A 3D human model for preclinical drug screening using a myelinated nerve-on-a-chip
micro-physiological system

Authors: *M. TERRAL!, C. ROUNTREE!?, E. SCHMIDT?, M. J. MOORE22 J. L.
CURLEY?;



1Ax0Sim, Inc., New Orleans, LA; Dept. of Biomed. Engin., *Brain Inst., Tulane Univ., New
Orleans, LA

Abstract: Preclinical animal models are historically expensive and low-throughput and have
largely failed to deliver results that translate to success in the human system. Peripheral nerves,
in particular, lack predictive human-relevant in vitro drug screening models, with less than 7% of
neurological drug candidates reaching the marketplace. Micro-physiological systems (MPS),
including organs-on-chips, which utilize human induced pluripotent stem cell (iPSC)-derived
cells to emulate specific organ systems, have emerged as promising screening platforms to
bridge the gap between preclinical and clinical success. However, engineering 3D tissues
relevant to the nervous system, especially peripheral nerves (PN), is challenging because of the
complex ultrastructure and necessity of functional outputs, including Schwann cell myelination
and electrophysiological measurements. AxoSim has developed an all-human NerveSim® MPS
platform, using human iPSC-derived sensory neurons and primary human Schwann cells. This
platform has been shown to exhibit crucial aspects of PN physiology and function, displaying
robust neurite outgrowth, with 5% axonal myelination and measurable electrical activity, acting
as a promising screening platform for improving pre-clinical success. The NerveSim® MPS is
fabricated using a digital projection photolithography technique to produce a dual-hydrogel
scaffold with an outer cell-restrictive polymer mold and a cell-permissive inner gel. Coculture
spheroids were produced from human sensory neurons and Schwann cells in round-bottom
multiwell plates, then plated in one end of the inner cell-permissive gel. Spheroids were cultured
for 4 weeks in a series of culture media that promote neurite outgrowth through the gel, Schwann
cell migration and alignment with axons, and ultimately, Schwann cell myelination. Robust
neurite outgrowth of ~5mm was consistently observed, with Schwann cell migration and
alignment along neuronal axons confirmed by S100 immunostaining. Schwann cell myelination
(~5%) was confirmed with myelin basic protein (MBP) immunostaining, as well as by concentric
lamination seen in ultrastructure electron microscopy (EM) imaging. We have successfully
engineered a 3D human model of the myelinated peripheral nerve, which can provide clinically
relevant and functional readouts. Current efforts are focused first on increasing the number of
myelinated nerve fibers in the NerveSim® sample, and second, on quantifying the effects of
well-known demyelinating compounds, such as Cuprizone, to further establish the efficacy of
NerveSim® as a drug screening platform.
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Title: Understanding the role of glucose metabolism in cell fate specification events during
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Abstract: Neural stem cells (NSCs) give rise to fully differentiated mature neurons during the
development of the human cortex, the outermost layer of the brain. During this process, there is a
metabolic transition in NSCs from glycolysis to mitochondrial oxidative phosphorylation
(OXPHOS) to accommodate for the changing metabolic demands that are essential for NSCs to
activate and differentiate to a neuronal lineage. Although this metabolic feature is a key step
during neurogenesis, the molecular mechanisms and factors influencing the metabolic transition
remains unclear. Cortical organoids have revolutionized the field of brain development as they
act as a novel system to study and recapitulate the development of the human cortex. Moreover,
cortical organoids provide us with the opportunity to understand the molecular mechanisms
essential for NSCs cell-fate decisions. Here, we establish the metabolic profile of cortical
organoids over the course of 15 weeks across three cell lines. We introduce glycolytic
pharmacological inhibitors at two developing timepoints and characterize the impact
manipulating metabolism during the transition of a NSC to a differentiated neuron. Our
preliminary results indicate that the treatment of glycolytic inhibitors on cortical organoids is
promising in recapitulating the metabolic hallmark of decreased glycolysis and increased
OXPHOS. Using organoids as our model system also allows us to study the influence of
metabolic reprogramming on neuronal maturation and morphology. By identifying the influential
metabolic pathways during neurogenesis, we can provide new insights as to how dysregulation
of cell fate and maturation may impact brain development and identify the etiology of
neurodevelopmental disorders driven by metabolic mutations.
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Abstract: Notch signaling is a master regulator of neurological function in both development
and disease and has been linked to the mediation of viral infections. Recent studies have
demonstrated that SARS-CoV-2 infection in macaques results in an increase in Notch signaling
and that protein coding regions of the viral genome can interact with Notch signaling proteins.
Here we show that the expression of the SARS-CoV-2 protein-coding genome can modulate
Notch signaling at several levels, including receptor-binding and transcriptional pathways. In
addition, we express SARS-CoV-2 mutations identified through wastewater surveillance to
understand how ultra-rare mutations can impact Notch signaling using luciferase and proteomic
assays. Our findings demonstrate a unique complex between SARS-CoV-2 proteins and the
Notch signaling pathway. Taken together, the findings highlight a link between the Notch
pathway and COVID-19-associated neurological events.
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Abstract: The plasticity of the mammalian brain is determined by the number and proliferation
capacity of neural stem cells (NSCs). NSCs exist in heterogeneous populations that are organized
in space and across time. Different regional NSC populations have varying levels of activation of
the mammalian target of rapamycin (mTOR), the master regulator of cell size and growth, while
different temporal populations of NSCs are variably proliferative or quiescent. Together, these
positionings in space and time are essential in coordinating neurogenesis.

The pool of NSCs that populates the adult brain is established during prenatal development from
a subset of embryonic NSCs that temporarily quiesce. This quiescent phenotype persists until
postnatal reactivation and is characterized by limited entry into the mitotic phase of the cell cycle
and decreased cellular proliferation. Published studies in rodents have shown that ablation of the



quiescent pool of embryonic NSCs significantly decreases the number of adult NSCs and results
in impaired cognitive performance. Despite understanding the importance of quiescence in
forming the adult brain, the mechanisms driving regulation of and entry into quiescence are not
known.

Using per-cell measurements of protein levels in murine NSC cultures, we found that mTOR
activity transiently decreases with induction of quiescence and increases with return to cycle,
suggesting this kinase as a regulator of quiescence entry and exit. Surprisingly, the multiple
downstream phosphorylation targets of mTOR respond differentially to the induction of
quiescence, suggesting activation of each target by mTOR may elicit distinct cellular functions.
These phosphorylation targets are expressed independently, not coordinately, in embryonic
NSCs which may further indicate their diverging contributions to cellular proliferation. This
work also revealed that embryonic and postnatal NSCs have differing responses to the induction
of quiescence, including differences observed across diverse spatial populations. Complementary
immunostaining of intact embryonic mouse brain confirmed these patterns. While ongoing
experiments strive to determine the necessity and sufficiency of decreased mTOR activity in
inducing NSC quiescence, these existing data suggest mTOR may uniquely integrate several
temporal and spatial variables to regulate the proliferative capacity of NSCs.

Results from this work may inform treatments for diseases where NSC numbers and activity are
known to be altered during development, including brain cancers and neurodegenerative disease,
by highlighting mTOR as a drug target to stimulate or inhibit the expansion of NSCs.
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Abstract: Human brain wave activity prominently exhibits oscillatory network events (0.5—100
Hz) generated from neuronal assemblies within the human brain parenchyma. During fetal
human brain development, oscillatory activity emerges, reflects functional consequences of brain
ontogeny, and influences the development of the immature brain. Although rodent models have
largely expanded our knowledge about how neuronal cells contribute to oscillatory activity,
species-specific differences might limit the translatability of animal models. Human induced



pluripotent stem cell-derived (iPSC) neural in vitro models are widely used to study cellular
aspects of human brain ontogeny. However, utilizing human iPSC neural in vitro models to
assess the emergence and properties of oscillatory activity in human neuronal circuits in vitro is
in its infancy. We utilized an in vitro human iPSC-derived 3D cortical aggregate model and
applied microelectrode array (MEA) technology to assess properties of emerging oscillatory
activity and its relation to synchronous neuronal network activity in cortical circuits. We
demonstrate that our human iPSC-derived 3D cortical aggregate in vitro model permits assessing
the emergence and properties of oscillatory activity generated from human iPSC-derived
neuronal circuits within few weeks. In detail, we reveal that oscillatory slow-wave activity (< 1
Hz), phase-locked to synchronous network bursting, emerges already within 14 days in vitro
followed by consecutive stages of emerging delta (1—4 Hz), theta (4—11 Hz), beta (11—30
Hz), and gamma (30—55 Hz) oscillatory activity, accompanied by stage-specific changes in
neuronal network burst pattern characteristics. We provide a classification of neuronal mesoscale
functional ontogeny stages of developing human iPSC-cortical circuits, where each stage is
defined by specific oscillatory activity and characteristic synchronous neuronal bursting patterns.
See also poster “Pharmacological manipulation of human brain wave-like activity in human
iPSC-3D cortical circuits”.
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Abstract: Correct functioning of the nervous system is critically dependent on the proper
formation of the neural network. Whereas the initial broad pattern of neuronal connectivity is set
up through progressive events, including axon outgrowth and synaptogenesis, the more precise
and mature circuity is established by regressive events, such as axon pruning and synapse
elimination. Axon pruning events facilitate removal of exuberant or misguided axon branches,
while the neuronal cell bodies remain intact. In early postnatal development (~Postnatal day (P)
10) of the mouse hippocampus, granule cells of the dentate gyrus extend two bundles of axons
(mossy fibers) to CA3: the main (suprapyramidal) bundle, which is directed to apical dendrites



of CA3 pyramidal neurons; and the infrapyramidal bundle (IPB), which makes transient synaptic
connections with basal dendrites of CA3 pyramidal neurons. Later in development, distal IPB
synapses are eliminated and IPB axons are pruned, whereas the main bundle is maintained.
However, the molecular mechanisms of IPB axon pruning are not well understood. Nell2 (also
known as Nel) is a multi-modular extracellular glycoprotein that is predominantly expressed in
the nervous system. Nell2 exerts diverse functions in neural development, including neuronal
proliferation, differentiation and survival. We have previously shown that Nell2 acts as an
inhibitory guidance cue for retinal axons that is essential for establishment of the eye-specific
retinogeniculate projection. In this study, we investigated the function of Nell2 in stereotyped
IPB pruning in the mouse hippocampus. By using RNA in situ hybridization, we found that
Nell2 is strongly expressed in the hippocampus at the time of IPB pruning (P15-30). In vitro,
Nell2 inhibited axon outgrowth and induced growth cone collapse in hippocampal neurons. In
addition, treatment with Nell2 decreased the numbers of synapses in cultured hippocampal
neurons. Furthermore, pruning of the IPB was defective in Nell2 null mice. Taken together, these
results suggest that Nell2 acts as an inhibitory guidance molecule for hippocampal axons and is
an essential for stereotypical pruning of IPB axons.
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Abstract: Neuronal abundance and thickness of each cortical layer are specific to each area, but
how this fundamental feature arises during development remains poorly understood. While some
of area-specific features are controlled by intrinsic cues such as morphogens and transcription
factors, the exact influence and mechanisms of action by cues extrinsic to the cortex, in



particular the thalamic axons, have not been fully established. Here, we identify a thalamus-
derived factor, VGF, which is indispensable for thalamocortical axons to maintain the proper
amount of layer 4 neurons in the mouse sensory cortices. This process is prerequisite for further
maturation of the primary somatosensory area, such as barrel field formation instructed by a
neuronal activity-dependent mechanism. Our results provide an actual case in which highly site-
specific axon projection confers further regional complexity upon the target field through locally
secreting signaling molecules from axon terminals.

Reference:

Sato H, Hatakeyama J, lwasato T, Araki K, Yamamoto N, Shimamura K (2022) eL.ife
11:e67549.
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Abstract: During development, axons and dendrites extend from cell bodies in response to
intrinsic and extrinsic cues. This axon guidance process is critical for proper synaptic activities in
adulthood. Understanding the mechanisms that regulate axon guidance and the development of
neural circuit formation may help to find a cure for neural disorders and regenerate the nervous
system. A previous study from our lab investigated Repulsive Guidance Molecule b (RGMb), a
guidance molecule which inhibits axon outgrowth in retinal ganglion cells (RGC). RGMb
negatively regulated the Wnt pathway by depredating the Wnt receptor of the Low-density
lipoprotein receptor-related protein 5 (LRP5) therefore inhibiting axon outgrowth. However, we
could not confirm the direct interaction between RGMb and LRP5. Evidence shows the
expression of Programmed cell death-1 ligand 2 (PD-L2) in the developing central nervous
system (CNS) such as the retina, and it is responsible for maintaining proper RGC numbers
during development as a programmed cell death ligand. Yet, no studies show the role of PD-L2
in axon guidance. Since PD-L2 is also known to be the ligand of RGMb, we hypothesize that
PD-L2 is the mediator between RGMb and LRP5. In this study, we investigated the new function



of PD-L2 in the developing visual system by using chick and mouse models. Our data shows that
PD-L2 overexpression increased axon length in the chick embryo RGC primary culture. The
axon length was suppressed by PD-L2 overexpression in RGMb/Wnt knockdown conditions. We
also studied the PD-L1 and PD-L2 double knockout animals and the data reflected aberrant
retinal axon projection to the superior colliculus. These findings imply a new function of PD-L2
and the potential interaction of PD-L2 with RGMb and Wnt signaling in the developing CNS.
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Abstract: In binocular animals that exhibit stereoscopic visual responses, the axons of retinal
ganglion cells (RGCs) connect to brain areas bilaterally by forming a commissure called the
optic chiasm (OC). Ventral anterior homeobox 1 (Vax1) contributes to formation of the OC,
acting endogenously in optic pathway cells and exogenously in growing RGC axons. Here, we
generated Vax1*~"A mice expressing the Vax1”# mutant, which is incapable of intercellular
transfer. We found that RGC axons cannot take up Vax1** protein from Vax1*#** mouse optic
stalk (OS) cells, of which maturation is delayed, and fail to access the midline. Consequently,
RGC axons of Vax1*V*A mice connect exclusively to ipsilateral brain areas, resulting in the
reduced visual acuity and the abnormal oculomotor responses. Together, our study provides
physiological evidences for the necessity of intercellular transfer of Vax1 and the importance of
the bilateral RGC axon projection in visuomotor responses.
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Abstract: The self-organization of the serotonergic matrix in the brain is a key unsolved
problem in neuroscience. This matrix is composed of extremely long axons (fibers) that originate
in the brainstem, invade nearly all brain regions, and accumulate in remarkably high densities in
many of them. Serotonergic fibers possess a number of intriguing properties, including the
ability to robustly regenerate in the adult brain, the strongly stochastic trajectories, and the poorly
understood but consistent association with neural plasticity. We developed several experimental
methods that can be used to capture the individual trajectories of serotonergic fibers in the mouse
brain, including regions with high fiber densities. These data are essential for stochastic
modeling efforts that currently utilize two different frameworks (a step-wise random walk based
on the von Mises-Fisher directional distribution and the superdiffusive fractional Brownian
motion). In one approach, we show that serotonergic fibers can be experimentally isolated by
using transgenic mice with the inducible Cre (under the Tph2-promoter), crossed with a Cre
reporter line. While the overall labeling intensity falls below that of the best constitutive model
in the field (Migliarini et al., 2013), the inducible Cre allows for control over how many fibers
are labeled in high-density regions, thus facilitating their semi-automated tracing. A particularly
powerful approach is based on the Brainbow toolbox (Cai et al., 2013) which can be used to
randomly “color-code” individual axons. We have developed the first implementation of
Brainbow-tagging in the serotonergic system (based on intracranial AAV-injections) and
demonstrate its potential in downstream stochastic analyses. In particular, we show that some
apparent branching points are different fibers crossing at distances below the limit of optical
resolution (even in high-power confocal imaging). Finally, we demonstrate the feasibility of
imaging single serotonergic fibers with CUBIC-based tissue clearing and high-resolution light-
sheet microscopy (with a 20X objective). This experimental toolbox, integrated with stochastic
modeling, can advance the current understanding of the dynamics, robustness, and plasticity of
the brain serotonergic system.
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Title: Development of ultra-low-input nanoRibo-seq enables quantification of translational
control, revealing broad uORF translation by subtype-specific neurons
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Abstract: While increasingly powerful approaches enable investigation of transcription using
small samples of RNA, approaches to investigate translational regulation in small populations of
specific cell types, and/or (sub)-cellular contexts are lacking. Comprehensive investigation of
MRNAs actively translated into proteins from ultra-low input material would provide important
insight into molecular machinery and mechanisms underlying many cellular, developmental, and
disease processes in vivo. Such investigations are limited by the large input required for state-of-
the-art Ribo-seq. We present an optimized, ultra-low input “nanoRibo-seq” approach using 10? -
103-fold less input material than standard approaches, demonstrated here in subtype-specific
neurons. nanoRibo-seq requires as few as 2.5K neurons, and exhibits rigorous quality control
features: 1) strong enrichment for CDS versus UTRs and non-CDS; 2) narrow, distinct length
distributions over CDS; 3) ribosome P-sites predominantly in-frame to annotated CDS; and 4)
sufficient ribosome-protected fragment (RPF) coverage across thousands of mMRNAs. We
calculate translation efficiencies from paired Ribo-seq and alkaline fragmented control libraries
from “callosal projection neurons” (CPN), revealing divergence between mRNA abundance and
RPF abundance for hundreds of genes. Intriguingly, we identify substantial translation of
upstream ORFs in the 5> UTRs of genes involved in axon guidance and synapse assembly. We
combined nanoRibo-seq with ultra-low input proteomics to compare translational output and
protein abundance between CPN and subcerebral projection neurons (SCPN). Both translation
efficiency, and protein abundance are tightly correlated between CPN and SCPN, with dozens of
significantly different mRNAs/proteins. nanoRibo-seq enables previously inaccessible
investigation of translational regulation by small, specific cell populations in normal or perturbed
contexts.
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Abstract: The axon initial segment (AIS) is a highly specialized compartment of neuronal cells
that controls cell firing. In the mature cortex, GABAergic chandelier cells pattern neural activity
by contacting large groups of principal neurons at the AIS forming axo-axonic synapses that
exert shunting inhibition. Axo-axonic synapses are enriched with GABAARSs containing the 02
subunit and specific interacting partners whose genes have been implicated in disorders of
neurodevelopment. o2 subunit expression is also notably high in early postnatal cortex before the
formation of axo-axonic synapses. We have found that in parallel with strong downregulation of
a2 subunit expression there is a shift in cortical pyramidal cell AIS morphology from tortuous to
linear. We generated a mouse model with a substitution mutation in the GABAAR 02 subunit
(Gabra2-1) and found that this prevents developmental downregulation of a2 expression and
prevents the linearization of the AIS. Mature Gabra2-1 cortical cells are characterized by
tortuous AlSs, which have reduced numbers of axo-axonic synapses. Gabra2-1 mice also display
spontaneous seizures beginning around day 9 of postnatal development, along with a number of
features of syndromic intellectual disability. Our studies suggest that the a2 subunit of
GABAARSs plays an early role in organizing the AlS, and that this organization is essential for
axo-axonic synapse formation and the control of cortical activity.

Disclosures: D.J. Hines: None. R. Ali Rodriguez: None. V. Volk: None. A. Contreras:
None. C. Fitzpatrick: None. R.M. Hines: None.

Poster

267. Axon Dynamics: New Mechanisms and Techniques
Location: SDCC Halls B-H

Time: Monday, November 14, 2022, 8:00 AM - 12:00 PM
Program #/Poster #: 267.08

Topic: A.05. Axon and Dendrite Development



Support: National Institutes of Health Grants R35 NS122073
Miriam and Sheldon G. Adelson Medical Research Foundation

Title: Biotinylation by Neurofascin Antibody Recognition Maps the Extracellular Axon Initial
Segment Proteome

Authors: *Y. OGAWA! B. C. LIM?, J. A. OSES-PRIETO?, B. VIJAYARAGAV?, Y. ESHED-
EISENBACH?, E. PELES®, A. L. BURLINGAME?, M. N. RASBAND?*;

!Baylor Col. of Med., Houston, TX; 2Univ. of California San Francisco, San Francisco, CA;
3Weizmann Inst. Sci., Rehovot, Israel; *Neurosci., Baylor Col. of Med. Dept. of Neurosci.,
Houston, TX

Abstract: Axon initial segment (AIS) membrane proteins mediate key biological processes in
neurons. For example, AIS Na® and K* channels initiate action potentials, while other AIS
membrane proteins assemble AlIS-specific perineuronal nets and inhibitory synapses. However,
relatively few AIS membrane proteins have been reported. Here, using biotinylation by antibody
recognition, we report the extracellular Neurofascin proximity proteome across five
developmental timepoints. We identified all previously reported AIS cell adhesion molecules and
extracellular membrane-associated proteins. We used CRISPR/Cas9 and homology independent
genome editing to determine the distributions of membrane proteins in close proximity to
Neurofascin. Among these, we found that Contactin-1 is enriched at the AIS and is required to
recruit TenascinR to the AlS-extracellular matrix. In addition, we mapped other membrane
proteins to axonal, AlS, and dendritic domains. This strategy enables flexible and temporally
resolved proteomic profiling as a discovery tool to elucidate the proximity proteomes of surface
membrane proteins.

Disclosures: Y. Ogawa: None. B.C. Lim: None. J.A. Oses-Prieto: None. B. Vijayaragav:
None. Y. Eshed-Eisenbach: None. E. Peles: None. A.L. Burlingame: None. M.N. Rasband:
None.

Poster

267. Axon Dynamics: New Mechanisms and Techniques
Location: SDCC Halls B-H

Time: Monday, November 14, 2022, 8:00 AM - 12:00 PM
Program #/Poster #: 267.09

Topic: A.05. Axon and Dendrite Development

Support: NIH Pioneer Award DP1 NS106665
Allen Frontiers Group
Foundation Jean-Jacques et Felicia Lopez-Loreta pour excellence academique
NSF Graduate Research Fellowship
NSF-Simons Center Quantitative Biology Initiative at Harvard

Title: Growth cone molecular machinery locally implements the development of subtype-
specific neocortical circuitry



Authors: *P. VEERARAGHAVAN!, A. K. ENGMANN?, J. J. HATCH?, Y. ITOH, T.
ADDISON?, M. LIUY, A. POULOPOULOS?, J. D. MACKLIS?;

!Dept of Stem Cell and Regenerative Biol. and Ctr. for Brain Sci., Harvard Univ., Cambridge,
MA; 2Univ. of Maryland Sch. of Med., Baltimore, MD

Abstract: During development, growth cones (GCs) of diverse cortical or other projection
neuron (PN) subtypes navigate complex extracellular environments to reach distant, subtype-
specific targets. These axon-terminal structures respond to guidance signals in a subtype- and
stage/context-specific fashion to construct specific functional circuitry. Local protein synthesis
of axonally-trafficked transcripts is required for directional responses to at least some guidance
cues, and previous work from our lab and others have shown that GC transcriptomes are distinct
from their parent somata. However, the composition of subtype-specific GC-localized molecular
machinery, the mechanisms to establish subtype-specific spatial segregation of transcriptomes,
and dynamic regulation of these processes are essentially unknown.

The work presented here investigates subcellular transcriptomes of two subtypes of cortical
projection neurons with highly distinct connectivity and, subsequently, function: callosal
projection neurons (CPN), which form interhemispheric connections and corticothalamic
projection neurons (CThPN), which send projections corticofugally- away from the cortex,
ultimately targeting specific nuclei of the thalamus. We find that the local, GC-enriched
transcriptomes are at least partially subtype-specific, with a pronounced portion of
nonoverlapping transcripts, and that many of the CPN- and CThPN-specific GC-localized
transcripts are associated with neurodevelopmental diseases, strongly suggesting an important
function of subtype-specific subcellular machinery in the generation of functional circuitry.
Further, we identify that the subtype-specific GC-localized transcriptomes are likely established
by both, transcriptional as well as RNA trafficking mechanisms and, lastly, that the composition
of subcellular transcriptomes is dynamically regulated across developmental time point, likely
reflecting local enrichment of context-specific molecular mechanisms to enable correct axon
guidance and circuit formation. Newly accessible subcellular investigation of distinct subtypes of
neurons critically enables a deepened mechanistic understanding of the development of diverse
and functional connectivity in the brain and will provide new insight into potential etiology of
neurodevelopmental and neuropsychiatric disorders.
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Abstract: Retinal Ganglion Cell (RGC) genesis, fate specification and its axon guidance are
concomitant processes that start during embryonic stages. This humongous task is achieved by
coordination between the environmental cues and fine-tuning of intracellular regulatory
molecules. There are few reports available about microRNA mediated control of RGC genesis
and axon path finding but till now no finding has been reported regarding the regulatory role of
circular RNAs (circRNAS) in embryonic retina. To understand the global expression of circular
RNA in embryonic retina we have performed rRNA-depleted bulk RNA-Sequencing of E18
mouse retina and two different circular RNA finding tools i.e., CIRIquant and CIRCexplorer3
were employed for identifying their genomic and chromosomal locus. We found that around
1898 circular RNAs were unanimously identified by both the algorithm and majority of them
were originated from exonic region. Experimentally we validated few circRNAS using
combination of strategies i.e., RNaseR mediated linear transcript digestion, divergent primers
across the back-splice junction (BSJ) specific for circRNAs, and sanger sequencing of the PCR
products. We functionally classified the host genes of the circRNAs by gene ontology
enrichment analysis. We found that functional groups related to microtubule organization and
axon guidance were overrepresented amongst the enriched gene ontology terms. At this crucial
developmental timepoint when axon guidance of young neurons is very important, biogenesis of
circRNAs provoked us to find its regulatory role specifically in RGCs. We wanted to know
whether circular RNA is associated with the translating ribosome. We used viral Translating
Ribosome Affinity Purification (VTRAP) method by genetically defining the retinal ganglion
cells using Pou4f-1 promoter. The vVTRAP sample was subjected to rRNA-depleted bulk RNA-
Seq analysis for identifying translating circRNAs. Further analysis with CIRCexplorer3 reported
only 35 circular RNA to be associated with translating polyribosome. Comparing our data with
riboCIRC database we found two candidate circRNAs i.e., circTcf20 and circSmadl were
reported to be translating in other tissues and cell lines. Further analysis with IRESfinder.py and
Coding Potential Assessment Tools (CPAT) revealed that circTcf20 had the highest coding
probability score of 1. Further exploration of their peptides and their characterization might
provide us a clue of their regulatory role.
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Abstract: Cerebral cortex projection neurons (PN) have critical roles in sensory, motor,
cognitive, and behavioral circuits. During development, PN build intricate circuitry by extending
axons through diverse extracellular environments, then innervating specific targets located at
great distances (10° - 10° cell body diameters) from their nucleus-containing cell bodies
(somata). This precise navigation is regulated by growth cones (GCs): semi-autonomous,
subcellular compartments at tips of growing axons that rapidly integrate extracellular signals to
control axon pathfinding. Proper GC function enables PN to form subtype-specific connectivity
with synaptic targets. For example, callosal PN (CPN) innervate contralateral cortex, subcerebral
PN (SCPN) innervate locations in brainstem and spinal cord, and corticothalamic PN (CThPN)
innervate specific thalamic nuclei. Previous work has identified molecular controls over subtype-
specific PN development via regulation of transcription in somata. Additionally, protein
synthesis and degradation in GCs is required for directional responses to some guidance cues.
However, molecular mechanisms linking nuclear transcription to GC protein abundances have
not been elucidated, functions of distinct GC proteins in axon pathfinding are poorly understood,
and even less is known about roles of GC proteins in specific PN subtypes. Recently, our lab
developed experimental and analytical approaches to purify GCs and their parent somata from
specific PN subtypes in developing mouse cortex, then quantitatively “map” RNA and protein
species between these subcellular compartments. We integrated these approaches with advances
in ultra-low-input mass spectrometry to generate a proteome of subtype-specific GCs 40%
deeper than previous work, using only 50% of the input material. We then developed an
analytical workflow to quantify the purity of isolated GCs, and increased GC purity 4-fold by
incorporating additional biochemical purification steps. Using these optimized procedures, we
purified CPN GCs before and after midline crossing, then performed ultra-low-input mass
spectrometry to identify differentially abundant proteins. We selected candidates for functional
investigation in CPN midline crossing. These investigations promise to reveal molecular
mechanisms controlling construction, function, and maintenance of cortical circuitry, and will
enable future investigations of how proteomic regulation in distinct subtypes, stages, and/or
subcellular compartments contributes to normal circuit development and disorders of nervous
system circuitry.
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Abstract: The temporal pattern of neuron specification contributes to the generation of neuronal
diversity in the brain. Recently, such accretion of neuron types and their maturation late in
development have been indicated to play a critical role in the sophistication of brain functions
and behavior during development. However, it has not been possible to directly visualize
anatomical and functional development of a series of emerging neuronal cell-types in maturing
animals. To address this, we developed a novel chemigenetic birthdating approach that maps
neurons to a range of colors based on their birthdates in zebrafish. This technique is based on the
coupling of transgenic lines expressing the HaloTag protein in differentiating neurons with a
chromatic variety of Janelia Flour HaloTag binding dyes. First, we characterized how well these
dyes permeate the nervous system of developing zebrafish by bath application and how long the
dyes persist in the developing zebrafish after transfer to a dye-free medium. Using a transgenic
line expressing nuclear-localized HaloTag pan-neuronally, we determined that dyes permeate
easily and stay bound to HaloTag until at least 6 dpf. Second, we tested which of these dyes can
be used in combination to label multiple age groups in the same animal. We found that Janelia
Flour (JF) 635, 585 and 525 nm dyes can be loaded in three successive days to label distinct
groups of neurons. Third, we compared the spatial distribution of these distinct groups of
neurons to the age groups identified by EdU staining. Here, we used JF 585 to block the binding
to neurons that were older than the neuronal population of interest and JF635 to label the desired
population. We performed this procedure at five time points and found that our HaloTag-based
birthdating approach revealed a pattern consistent with EdU staining. We also tested if it is
possible to visualize specific cellular processes of each age group. Using a pan-neuronal line that
localizes HaloTag to axon terminals, we revealed that axon terminals are spatially clustered
based on birthdate, consistent with previous observations. We are currently pursuing the addition
of calcium imaging to our method to add the ability to functionally characterize neurons based
on birthdate. Taken together, this work provides a novel and highly flexible approach to visualize
the anatomical and functional development of emerging neurons.
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Abstract: Autism spectrum disorder (ASD) is a neurodevelopmental condition with both genetic
and environmental etiology. Recent genetic and neuropathological studies have suggested that
incongruous interactions between cerebral vascular endothelial cells, microglia, and neurons may
underlie impaired neurodevelopment in ASD subjects. GABA signaling in cerebral endothelial
cells controls the migration and differentiation of interneurons in cerebral cortex, and when
altered in mice endothelial cell, results in autism-like behaviors. Neuroinflammation and
oxidative stress can induce endothelial injury and potential breach of the BBB, which may also
stem from ASD-associated genetic abnormalities. Thus, altered neurovascular interactions
resulting in changes of network functional connectivity, may promote autistic behavior in
humans. Evidence from human and pre-clinical models of autism suggest that the cerebellum
may play a pivotal role in the expression of autistic behavior. The cerebellum and in particular
Purkinje cells through alpha/beta range rhythms may modulate gamma oscillations (>30 Hz)
which are critical for communication between neurons in distinct brain regions to facilitate
gamma-rhythmic synchronization between communicating neuronal groups. Here we
investigated whether neuroinflammation and oxidative stress may disrupt BBB integrity within
the cerebellum in two murine models of autism. Both ROS and albumin leakage staining are
increased in the cerebellar cortex of GABAergic-specific semaphorin 3 F (Sema 3F) KO and
BTBR models of ASD, compared to their wild types. Interestingly, western blotting and
immunofluorescent staining show that ZO1, one of the BBB tight junction proteins, significantly
decreased in the cerebellar cortex of BTBR and Sema 3F KO mice, with occasional cells
containing increased cytoplasmic Z01. Immunoprecipitation experiments suggest that Z01 can
bind to the subcellular location/trafficking protein 14-3-3, which levels have been shown to be
altered in brain and in blood of ASD patients, suggesting improper protein trafficking. In
summary, the neuroinflammatory response in these preclinical murine models of autism is
associated with cerebellar BBB leakage and possible abnormal trafficking of BBB tight junction
proteins, thereby further promoting dysfunction of the BBB in ASD subjects. These data support
the hypothesis that abnormal neurovascular signaling in the cerebellum may impair its ability to
coordinate communication between neuronal groups in social, cognitive, and corticostriatal
networks, thus promoting the appearance of autistic behaviors in children with ASD.
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Abstract: The presence of circulating maternal anti-brain antibodies (IgG) in the in utero
environment has been associated with an increased risk of having a child with Autism spectrum
disorder (ASD). Caspr2 protein (Contactin-associated protein-like 2, encoded by the ASD risk
gene, CNTNAP?2) is a common target of these maternal antibodies. We have developed a mouse
model in which dams are immunized with human Caspr2 protein, leading them to produce
endogenous anti-Caspr2 1gG. We have shown that male, but not female offspring born to dams
harboring anti-Caspr2 1gG throughout gestation are more likely to exhibit neurodevelopmental
phenotypes including increased repetitive behaviors (grooming and marble burying) and
impaired social behavior. Here, we examine the role of microglia in mediating the effect of in
utero exposure to anti-Caspr2 IgG (“anti-Caspr2”) or to control IgG (“control””). Microglia in the
hippocampus of anti-Caspr2 male, but not female mice, appear to be activated at embryonic day
E18.5. This microglial activation persists into adulthood. We also observe decreased dendritic
arborization and reduced dendritic spines on pyramidal cells in the CA1 region of the
hippocampus in the anti-Caspr2 males. We hypothesized that early suppression of the microglia
using captopril, an FDA approved drug for hypertension and heart failure that has previously
been shown to suppress microglia in Alzheimer’s disease and neuropsychiatric lupus, will
prevent the decreased dendritic arborization and reduced dendritic spines in the anti-Caspr2 male
mice. We show that captopril suppresses microglial activation in anti-Caspr2 male mice
compared to vehicle-treated anti-Caspr2 male mice. Furthermore, we demonstrate that in anti-
Caspr2 males, captopril treatment preserves dendritic arborization and dendritic spine density of
pyramidal cells in the CAL region of the hippocampus. Investigation into whether the microglia
in the captopril-treated anti-Caspr2 male mice are engulfing less synaptic material than the
microglia in the vehicle-treated anti-Caspr2 male mice is currently ongoing. Additionally,
assessment of the effect of captopril on social novelty behavior in the anti-Caspr2 males is
currently being analyzed. Altogether, our model can be utilized to examine microglial activation
in ASD and to assess microglia as targets for potential therapeutic strategies.
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Abstract: Antibiotics are among the most used medications during pregnancy, and while their
short-term benefits are clear, their potential long-term effects are underexplored. Prenatal
antibiotic exposure induces changes in the maternal microbiome, which could in turn influence
development of the infant’s microbiome-gut-brain axis. We assessed whether prenatal antibiotic
exposure increases the risk of autism spectrum disorder (ASD) in offspring. This retrospective
cohort study included everyone who delivered a live singleton term infant in the British
Columbia, Canada between April 1st 2000 and December 31st 2014 (n = 569,953 children born
to 366, 152 mothers). The outcome was an ASD diagnosis made through the British Columbia
Autism Assessment Network, with follow-up to December 31st 2016. Cox proportional hazards
models were used to estimate unadjusted and adjusted hazard ratios (HR). The analysis was
stratified by pregnancy trimester of exposure to antibiotics, cumulative duration of exposure,
class of antibiotic, sex and mode of delivery. To assess confounding by indication, we stratified
by different sites of infection (i.e., genital, urinary, respiratory tract) and infectious agents (i.e.,
viral, bacterial). Further, to account for unmeasured confounding, we ran a conditional logistic
regression of discordant sibling pairs. Prenatal antibiotic use was associated with a statistically
significant increase in risk of ASD (aHR 1.08 [95% CI 1.02-1.13]). Significant associations were
observed for exposure during the second trimester (aHR 1.08 [95% CI 1.02-1.15]), as well as
exposure to penicillins and other beta lactams (aHRs 1.06 [95% CI 1.00-1.12] and 1.10 [95% CI
1.00-1.20], respectively). Analysis based on cumulative duration of antibiotic exposure showed a
dose response relationship, with the highest risk observed when exposure lasted for 15 days or
longer (aHR 1.10 [95% CI 1.00-1.20]). In the sub-cohort of pregnancies treated for urinary tract
infections, the aHR was 1.10 (95% CI 0.98-1.25). The relationship was no longer significant in
the conditional logistic regression (aHR 1.05 [95% CI 0.93-1.18]). In conclusion, prenatal
antibiotic exposure was associated with a small increase in risk of ASD in offspring. These
findings may suggest prenatal origins of neurodevelopmental risk, possibly via metabolic



programming by the maternal microbiome and a disrupted early developing microbiome-gut-
brain axis. However, given the possibility of residual confounding, these results should be
confirmed in future studies.
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Abstract: Neurodevelopmental disorders, including autism spectrum disorder (ASD), are highly
heritable; however, consensus is growing behind a two-hit model in which environmental
exposures can promote disease in genetically predisposed individuals. Among environmental
factors, those that impact the maternal gut microbiome during pregnancy are emerging as critical
modulators of neurodevelopment and long-term behavioral outcomes in offspring. Specifically,
disruption, or ‘dysbiosis,” of the maternal gut microbiome during pregnancy is associated with
adverse neurodevelopmental outcomes. Previously, we showed that maternal high-fat diet
(MHFD) in mice induces gut dysbiosis, social dysfunction, and underlying synaptic plasticity
deficits in male offspring (F1). Here, we reasoned that MHFD would likewise induce dysbiosis in
female offspring (F1), thereby recapitulating the adverse in utero environment experienced by the



F1 males and resulting social dysfunction in the F2 generation, even in the absence of a dietary
challenge. Metataxonomic sequencing revealed a significant reduction in microbial richness
among female F1 MHFD offspring, with a specific decrease in the abundance of short-chain fatty
acid (SCFA)-producing taxa. Despite recovery of richness in the F» generation, F> social
behavior remained impaired, implicating dysbiosis of the maternal gut microbiome in offspring
social deficits. Post-weaning supplementation with Limosilactobacillus (L.) reuteri was
sufficient to rescue F2> generation social deficits. Unexpectedly, L. reuteri exerted a differential
impact on the microbiome of control versus MHFD-descendant F> mice, revealing a relative
instability of the MHFD lineage microbiome. We also observed a near-tripling of discriminant
taxa between L. reuteri-treated F, females versus males. This previously unreported heightened
responsiveness of the female gut microbiome to probiotic modulation presented an opportunity
for intervention: probiotic targeting of the maternal gut microbiome during pregnancy to relieve
offspring social dysfunction. Hence, we developed a 7-strain probiotic cocktail consisting of
immunomodulatory taxa and administered it to control and HFD-fed dams during pregnancy and
lactation. Antenatal targeting of the maternal gut microbiome was sufficient to restore
neurotypical social behavior in the MHFD-descendant F1 generation. Our results link maternal
lineage HFD to instability of descendant microbial communities and maladaptive social
behavior. Moreover, they highlight the potential for therapeutic targeting of the maternal gut
microbiome to improve neurobehavioral outcomes in descendants.
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Abstract: Autism spectrum disorder (ASD) is a neurodevelopmental disorder affecting various
cognitive functions such as learning and communication, and affects 1 in 44 children in the
United States (CDC). Inflammation, particularly in utero, has been identified in prior research as
playing a role in the pathogenesis of ASD. However, further investigation has been hampered by
the lack of a temporal biomarker capable of providing insight into the prenatal inflammatory
events associated with the development of ASD.

Baby teeth begin forming in utero and grow in an incremental pattern (akin to growth rings in a
tree), incorporating environmental exposure and biological response data at discrete points in
time, from approximately the second trimester until tooth shedding in childhood. We previously
showed initial results from the development of an immunohistochemistry (IHC) protocol
conducted on decalcified tooth sections that measured the inflammatory markers, C-reactive
protein (CRP) and cortisol, as well as a structural protein, dentin matrix protein-1 (DMP). Here,
we present new results from method optimization, validation and application in a study of
children with ASD. Overall, this novel technology provides daily profiles of inflammation during
fetal development and early childhood.

Optimal decalcification occurred after 5 weeks soaking in an EDTA solution, depending on tooth
mass. We validated tooth-CRP as a marker of inflammation by comparing medical records with
temporal CRP profiles extracted from teeth donated by two children and a non-human primate.
We then applied this technology to a national study in Sweden. Because ASD has heritability of
50% to 80%, we applied this technology to a cohort of monozygotic and dizygotic twins to
control for underlying genetics (n=66; 14 ASD cases). Distributed lag models (rDLM), a time
series statistical analysis method, was used to measure the time-varying effect of inflammation
against ASD diagnosis, while adjusting for all past exposure values in the time series. We found
statistically significant third trimester inflammation in children eventually diagnosed with ASD
relative to controls. We then replicated our findings in a cohort of children from the US (n=47;
23 ASD cases). Not only do these findings reinforce the importance of in utero inflammation in
the pathogenesis of ASD, but they also serve to validate a novel technology for the investigation
of other biomarkers.
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Abstract: In order to develop better treatments for autism spectrum disorder (ASD) it is critical
to understand the developmental trajectory of the disorder and the accompanying brain changes.
This study used the valproic acid (VPA) model to induce ASD-like symptoms in rodents. Prior
studies have demonstrated that VPA animals are impaired on executive function tasks,
paralleling results in humans with ASD. Pregnant dams were injected with 600 mg/kg VPA or
saline on gestational age 12. To control for the litter effect, one male and one female pup per
litter were assigned to an experimental condition. There were 32 rats that completed the set-
shifting task (9 male controls, 7 VPA males, 9 control females, 7 VPA females). Data analysis
compared male and female data separately based on past findings (McKinnell et al.,2020).
Researchers that conducted behavior and volumetric segmentation for brain regions were blind-
to-condition. The VPA adolescent female rats were impaired on the set-shifting task and had
enlarged frontal cortices compared to control females. In addition, adolescent VPA females with
enlarged frontal cortices performed the worst of all groups across the entire task. This deficit
observed in the VPA female rats mirrors those observed in females with ASD, suggesting that
ASD-like symptom progression in the VPA model is similar to that observed in humans. These
novel findings highlight the importance of studying the brain at different developmental stages
and implicate overgrowth of the anterior cingulate cortex is impacting executive functioning
deficits found in ASD.
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Abstract: Very preterm infants are at high risk for brain injury and altered development in the
neonatal period, leading to later cognitive, motor, and behavioral challenges including autism.
The pathogenesis of brain injury and abnormal development remains unclear. Nutritional factors
may be neuroprotective, but progress has been limited due in part to a lack of biomarkers that are
feasible to assess in neonates. Exosomes, small membrane-bound extracellular vesicles (EVS)
that can be isolated from peripheral human blood, provide a window into intracellular processes
including gene expression in the brain. We piloted sequencing RNA from plasma extracellular
vesicles (EVs). As a first approach, we compared EV gene expression in a very preterm cohort
with an established adult cohort. We hypothesized that the gene expression profile in preterm
infants would differ from adults. We also hypothesized that there would be variability in blood
micronutrient concentrations between infants and within individual infants over time. From 8
very preterm infants (Cohort 1, gestational age, 23-30 weeks), we collected 0.5-1 mL of whole
blood at term equivalent age. We isolated EV RNA from plasma using the Qiagen exoRNeasy
kit and sequenced/analyzed RNA using the QIAseq Ultraplex RNA secondary analysis package.
In a second group of very preterm infants (Cohort 2, n=>5, gestational age, 23-30 weeks), we
measured zinc, copper, and iron concentrations using inductively coupled plasma mass
spectroscopy (ICP-MS) at birth, 2 weeks, 4 weeks, and discharge. In Cohort 1, mean infant
plasma EV RNA concentration was 326 pg/uL (range, 79-1175). The mean number of unique
genes identifiable in preterm infant samples was 6217 (range, 559-14165). The number of
identifiable genes highly correlated with RNA concentration (r=0.91). Comparing gene
expression between infant and adult cohorts, 562 genes were significantly different (adjusted
p<0.05). In Cohort 2, mean zinc concentration per patient was 2320 ug/L (range, 1414-4305),
mean copper concentration per patient was 870 ug/L (range, 717-1063) and mean iron
concentration per patient was 335427 ug/L (range, 287730-447230). In conclusion, RNAseq can
be performed on plasma EV RNA isolated from small volumes of blood from preterm infants.
Significant differences in gene expression between preterm infants and adults supports the
validity of this approach to study brain development and injury in preterm infants. Variability in
micronutrient concentrations may reflect differences in intake, absorption, or clearance. Future
work will consider how micronutrients may drive changes in gene expression relevant to brain
development.
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Abstract: Autism Spectrum Disorders (ASDs) are neurodevelopmental disorders characterized
by impaired social interaction and communication, and repetitive behaviours. Of numerous
genetic mutations discovered in people affected by ASD, many converge on the pathways
involved in synaptic transmission in the brain. This suggests that synaptic dysfunction, in part,
contributes to the pathogenesis of ASD. Interestingly, low zinc levels are associated with ASD in
humans, and zinc plays a critical role in modulating synaptic transmission. We have recently
shown that increasing dietary zinc can reverse ASD-associated behaviours by restoring synaptic
deficits in Shank3”- mice - a mouse model of ASD with a mutation in the highly zinc-responsive
synaptic protein SHANKS3. Here, we have examined the efficacy and breadth of dietary zinc
supplementation as an effective treatment strategy using other ASD mice: Shank2” and Thr1*".
After weaning (21 days old), Shank2”- and Thr1*" mice of both sexes were fed with either a
normal zinc diet (30 parts per million; ppm) or a high zinc diet (150 ppm) for 6-8 weeks. Then
we performed behavioural tests, electrophysiology and immunohistochemistry to validate the
synaptic mechanisms underpinning the high zinc diet-induced behavioural rescue in these mice.
In the three-chamber social behaviour test, both Shank2”- (n = 9) and Tbr1*" (n = 11) mice fed
with a normal zinc diet displayed significantly reduced interaction time with a stranger mouse
than an empty cup when compared to wild-type mice, and this social interaction deficit was
corrected by high dietary zinc. For Tbr1*" mice, high dietary zinc reversed the impairment in
auditory fear memory in these mice through the restoration of N-methyl-p-aspartate receptor
(NMDAR) function at thalamic-lateral amygdalar synapses. This was, in part, attributed to the
high zinc diet-induced increase in the synaptic density of the GluN1 NMDAR subunit. In
contrast, although Shank2”- mice demonstrated a significantly reduced NMDAR-mediated
synaptic response at hippocampal Schaffer collateral-CA1 synapses, the high zinc diet did not
rescue NMDAR hypofunction nor induce changes in the synaptic GIuN1 density. Together, our
data demonstrate that the therapeutic outcome delivered by dietary zinc supplementation at the
behavioural level differentially rescues synapse dysfunction, depending on the ASD-associated
genetic mutation.
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Title: Exercise improves cognitive performance in a rodent model of autism
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Abstract: Autism Spectrum Disorder (ASD) is classified as a neurodevelopmental disorder with
core symptoms including, social deficits, impaired communication, and restricted, repetitive and
stereotyped behaviors. Previous studies have found that exercise interventions improve spatial
memory, cognitive ability and enhance behavioral outcomes. The current study examined the
effects of aerobic exercise on attentional set-shifting in the valproic acid (VPA) rat model of
autism. On gestational day 12, pregnant Long-Evans rats received a single dose intraperitoneal
injection of either saline or VPA (600 mg/kg valproic acid). All behavioral data collection and
brain segmentation was conducted by blind-to-condition researchers. Using a rodent treadmill,
exercise was started on PND 40 and animals ran on a 0% slope for 30 minutes/day, 5 days/week
for 4 weeks. Attentional set shifting was conducted in the fourth week of running. Data was
separated by sex based on past findings. N=88 (Male: Exercise control 9, Sedentary Controls 9,
VPA Exercise 12, VPA Sedentary 13; Female: Exercise control 10, Sedentary Control 9, VPA
Exercise 13, VPA Sedentary13). A two-way ANOVA (condition: control vs VPA, treatment:
exercise, sedentary) found main effects of treatment for both male and female rats. This indicated
that exercise groups were significantly better at making extra-dimensional shifts of attention
compared to sedentary groups. This behavioral data indicates that exercise can improve some
forms of executive function even in a model of ASD. Past research demonstrated that
overgrowth of lobule VI impaired cognition in VPA ras. Here, preliminary volume data indicates
that exercise is modulating this overgrowth, where exercised rats have decreased lobule VI
volumes compared to sedentary rats. This data supports the hypothesis that exercise can improve
brain volume regulation mechanisms which may improve cognition within ASD.
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Title: Idiosyncrasy of latent neural state dynamics in ASD during movie watching
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Abstract: Individuals with autism spectrum disorder (ASD) have difficulties in understanding
other people’s mental states and social narratives. Naturalistic paradigms such as a movie-
watching fMRI provide a novel opportunity to examine dynamically changing brain states in
typical and atypical conditions of children while they process narrative information. By
leveraging a large sample data of ASD (n=87) and typically developing (TD; n=55) brains from
Healthy Brain Network, here we examined the latent neural state dynamics of their large-scale
functional networks during movie-watching fMRI. By fitting a hidden Markov model separately
for TD and ASD subjects and finding corresponding states between the groups based on a
matching algorithm, we inferred four low-dimensional latent states: the default mode network
(DMN), dorsal attention network (DAN), somatosensory motor (SM), and base states. We found
that neural state dynamics were more desynchronized across ASD subjects compared to the TD
group. On the one hand, in the TD brains, DMN and DAN states were mainly alternated, each of
which reflects internal and external information processing, respectively, in understanding the
narrative structure of the movie (Song, Park, Park, & Shim, 2021). On the other hand, in ASD, in
addition to DMN and DAN states, the SM state occurred at comparable frequencies and
exhibited longer dwell times compared to those in TD, which may be associated with inattention
or disengagement of ASD subjects during movie watching. These results suggest that the
idiosyncrasy of neural state dynamics during processing naturalistic stimuli could link to the
pathological neural mechanisms underlying ASD.
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Title: Complement system signaling in the hippocampus is altered by neonatal status epilepticus
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Abstract: The developing brain is uniquely susceptible to seizures. Seizures during the early
postnatal period can have deleterious consequences to brain development leading to behavioral
outcomes such as deficits in communication, cognition and increased anxiety. However, the
mechanisms by which neonatal seizures disrupt neurodevelopment are unclear. Microglia are
resident brain immune cells that respond to insults and exhibit important roles in development
such as synapse pruning, maturation and function. Synaptic pruning is an important
developmental process that has shown to be altered in developmental disorders such as autism
spectrum disorder and schizophrenia. The pruning of synapses occurs during development in
synapses that are tagged by the complement proteins C1q and C3. These complement proteins
are increased in response to status epilepticus (SE) in adult rodents. Thus, we hypothesize that
neonatal SE leads to the upregulation of the complement system. This increase in complement
signaling can potentially alter synaptic pruning and lead to behavioral deficits later in life. To test
this hypothesis mice were treated with 2 mg/kg kainic acid intraperitoneally at postnatal day 10
to induce SE. Following SE, hippocampal microglial activation was assessed at 1, 2, 3, 4, and 5
days, 2 weeks and 1 month after SE using flow cytometry to quantify MHCII+ myeloid cells.
Expression of the complement system proteins C1q, C3 and C4 were measured at 1 day, 2 days
and 2 weeks after SE by RT-gPCR. Our data indicate that microglial activation was significantly
increased by SE (p < 0.001) with the highest activation occurring at one- and two-days post SE
(p < 0.001). Complement system proteins expression was also altered in a time dependent
manner. C4 expression was decreased one day after SE, and C3 and C1q expression was
increased 2 weeks after SE (p < 0.05). Together, our findings suggest that microglial activation
and complement system expression were altered after SE in a time-dependent manner. Full
characterization of these cellular responses will enable us to identify a critical window where the
use of therapeutic interventions might prevent the deleterious consequences that SE during early
life can have on neurodevelopment.
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neurodevelopmental disorders in children born with the congenital syndrome
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Abstract: The Zika virus (ZIKV) infection has been associated with mild manifestations in
humans,namely, fever, rash, arthralgia, and conjunctivitis. In 2015, the first cases of
microcephaly weredescribed in the Northeastern region of Brazil associated with a vertical
infection caused by ZIKV,later known as the Congenital Zika Syndrome (CZS). In vitro studies
using cells infected with ZIKVshowed that it is neurotropic virus, leading to cell death.
Astrocytes were reported as a reservoirof ZIKV in the fetal brain and mild apoptosis combined
with inefficient antiviral response cancontribute to the establishment of a chronic cerebral
infection associated with abnormalities ofneurodevelopment. However, the mechanisms
underlying Zika infection duringneurodevelopment are still poorly known. Neural modeling of
cells derived from children bornwith CZS could help to understand the impact of Zika infection
during neurodevelopment. Here,we investigated the effects of ZIKV vertical infection using
neurons and astrocytes derived frominduced pluripotent stem cells (iPSC) from babies born with
CZS. Patients were followed sincebirth, being currently under 5-6 years of age. Patients did not
present any neurological disorder,but some were diagnosed with Autism Spectrum Disorder
(ASD). The neuroprogenitor cells(NPCs) produced from iPSCs developed into neurons and
astrocytes, which did not showmorphological differences when compared with cells from the
control group. However, neuronalproduction revealed a differentiation unbalance in neurons and
astrocytes among CZS patients,since the ones diagnosed with ASD (named as CZS-B subgroup)
presented fewer astrocytes duringneuronal differentiation. Investigation of the number of
synapses in the iPSC-derived neuronsfrom both CZS-A and CZS-B groups showed lower levels
of pre-and postsynaptic proteins and oftheir co-localization, indicating that these patients have a
significant reduction in synapsescompared to the control group. In addition, CZS-B patients
presented a significant reduction inpostsynaptic protein and its colocalization compared with the
CZS-A subgroup. Moreover, lessglutamate production and uptake were observed in neurons and
astrocytes derived from bothsubgroups of patients with CZS, but with similar patterns between
patient subgroups. Thesepreliminary data reveal that ZIKV vertical infection probably causes
permanent disturbance in thebrain during fetogenesis, even in the absence of the virus after birth.
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Abstract: Strong expression of the G-protein coupled receptor (GPCR) neurotensin receptor 1
(NTR1) in ventral tegmental area (VTA) dopamine neurons and terminals makes it an attractive
target to modulate dopamine neuron function and release, and related behaviors or pathologies.
Indeed, recent studies have identified a novel class of a biased ligand that acts on NTR1, and
which has shown promising effects in preclinical models of addiction, without side effects
associated with unbiased NTR1 agonism. In cells, SBI-0654553 (SBI-553) acts as a positive
allosteric modulator of B-arrestin signaling downstream of NTR1 activation but antagonizes
NTR1 G-protein signaling. Using cell-attached recordings from VTA dopamine neurons in acute
brain slices from mice, we discovered that SBI-553 did not independently affect spontaneous
firing, but blocked neurotensin (NT) mediated increase in firing. Moreover, SBI-553 also
antagonized the effects of NT on dopamine D2 auto-receptor (D2R) signaling, potentially
through its inhibitory effects on the G-protein coupled pathway. Using fast-scan cyclic
voltammetry, we measured evoked dopamine release in the nucleus accumbens shell and also
observed antagonistic effects of SBI-553 on NT-induced increase in dopamine release. Overall,
these results suggest that SBI-553 has an inhibitory effect on mesolimbic dopamine activity and
release, which could contribute to its efficacy in animal models of psychostimulant abuse.
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Title: Diversity of peptide neurotransmitter production modeled by neuropeptidome proteolysis
of secretory vesicles at intravesicular and extracellular pH
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Abstract: Neuropeptides mediate cell-cell signaling as neurotransmitters in the nervous system.
The neuropeptidome is the entire spectrum of peptides generated from precursors by proteolysis
within dense core secretory vesicles (DCSV). DCSV neuropeptides and contents are released to
the extracellular environment where further processing for neuropeptide formation may occur.
To assess the entire DCSV proteolytic capacity for production of neuropeptidomes at
intravesicular pH 5.5 and extracellular pH 7.2 conditions, neuropeptidomics, proteomics, and
proteolysis analyzed by neuropeptide cleavage profiling were conducted using dense core
secretory vesicles (DCSV) purified from adrenal medulla (known as chromaffingranules) as a
model for neuropeptide biosynthesis. This secretory vesicle neuropeptidome consisted of 1239
unique peptides derived from 15 proneuropeptides that were colocalized with 64 proteases.
Distinct neuropeptidomes were generated at the internal DCSV pH of 5.5 compared to the
extracellular pH of 7.2. Class-specific protease inhibitors differentially regulated
neuropeptidome production resulting from specific cleavages, involving aspartic, cysteine,
serine, and metallo proteases. The cleavage properties of DCSV were further assessed by
cleavage profiling assays using a synthetic peptide library containing diverse cleavage sites for
endopeptidases and exopeptidases. Parallel inhibitor-sensitive cleavages for neuropeptidome
production and peptide library proteolysis led to elucidation of six DCSV proteases possessing
endogenous cleavage properties for neuropeptidome production, represented by cathepsins A, B,
C, D, and L, as well as carboxypeptidase E (CPE). The cleavage profiles of these six enzymes
represented the majority of DCSV proteolytic cleavages utilized for neuropeptidome production.
These proteases have been reported to participate in the production of neuropeptides. These
novel findings provide new insight into the DCSV proteolytic system for production of distinct
neuropeptidomes at the internal CG pH of 5.5 and at the extracellular pH of 7.2.
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Title: Neuropeptidergic modulation of fear memories in the neocortex
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Abstract: Inhibitory neurons throughout the mammalian cortex are powerful regulators of
circuit excitability and plasticity, thus controlling cortical functions such as learning, memory
and perception. All major inhibitory cortical cell types are marked by differential expression of
neuropeptide receptors, suggesting diverse peptidergic modulation of cortical processing. We
found that the neuropeptide gastrin-releasing peptide (GRP) serves as an important regulator of
cortical memory formation through selective targeting of one specific type of inhibitory neurons
that is marked by vasoactive intestinal peptide (VIP) expression. Using in vivo imaging,
CRISPR/Cas9-mediated knockout and a combination of molecular and electrophysiological
techniques, we deciphered underlying signaling mechanisms and behavioral functions. Our data
establish peptidergic regulation of cortical disinhibitory microcircuits as a mechanism to regulate
auditory fear memories.
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Abstract: Body wall muscles of third instar Drosophila larvae are innervated by motorneurons
that release glutamate and the neuropeptide, proctolin (RYLPT), as a co-transmitter. Glutamate
depolarizes the muscles and elicits contraction, and proctolin enlarges contractions without
altering the EJP. Another neuropeptide, DPKQDFMRFamide, is released as a neurohormone and
increases contractions by increasing transmitter release and by direct action on muscle cells. We
are examining postsynaptic effect of these peptides by examining their ability to alter
contractions elicited by bath application of glutamate. Both peptides increase the peak amplitude
of glutamate-evoked contraction, and both increase the peak amplitude of contractions elicited
by caffeine, which releases calcium from the sarcoplasmic reticulum. By itself proctolin induces
very small contractions, and its ability to enlarge glutamate-evoked contractions is much larger.
The combined effect of proctolin and glutamate on contraction is much larger than the sum of the
contractions elicited by each, indicating synergy. Glutamate increases calcium-induced
fluorescence in larvae expressing GCaMP6 only in the plasma membrane of muscle cells. These
calcium signals include an initial peak at about 500 ms followed by rapid decay. Proctolin
increases the calcium signal after the initial peak, prolonging the increase in cytoplasmic
calcium. Calcium release is normally limited by holo-calmodulin at high calcium levels, which
inhibits ryanodine receptors. We examined the possibility that proctolin inhibits calmodulin and
prevents ryanodine receptor inhibition, increasing cytoplasmic calcium. W7, a calmodulin
inhibitor, increased glutamate-evoked contraction and induced contractions on its own. Unlike
proctolin-induced contractions, however, W7-induced contractions were much larger, and they
occurred in calcium-free saline. Thus, inhibition of ryanodine receptors by calmodulin does not
precisely mimick proctolin’s effect. Inhibiting calmodulin did not alter proctolin’s ability to
enhance glutamate-evoked contraction. We are currently using Shibire larvae to determine
whether both peptides can modulate glutamate-evoked contractions when transmitter release is
blocked at elevated temperature.
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Mount Allison Univ., Sackville, NB, Canada

Abstract: Obesity is largely caused by an imbalance in food intake and energy expenditure. In
the brain, the dorsomedial hypothalamus (DMH) is an important player in the regulation of
appetite and metabolism. Cholecystokinin (CCK), a key satiety hormone, acts in the DMH to
suppress food intake, but the underlying mechanisms are not well understood. There is evidence
that CCK increases GABA release onto DMH neurons in rats, but despite reports of extensive
glutamatergic projections to DMH neurons, it remains unknown whether CCK affects glutamate
signaling in this region. We hypothesized that CCK decreases glutamate release onto putative
orexigenic neurons in the DMH, an effect that would be consistent with the appetite-suppressing
effects of CCK. To test this, we used young male Sprague Dawley rats and performed patch
clamp electrophysiology to record glutamatergic currents in DMH neurons. We report that CCK
had no effect on glutamate transmission onto DMH neurons. Because CCK has been reported to
trigger long lasting changes in the strength of GABA synapses in the DMH following high
frequency stimulation (HFS), we examined whether glutamate synapses exhibit synaptic
plasticity. We failed, however, to observe any long-lasting changes in synaptic strength in the
presence of CCK. CCK and leptin have been reported to act synergistically to regulate appetite,
so we tested the effect of co-application of CCK and leptin onto DMH neurons and observed a
decrease in glutamate signaling. We also observed a long-term depression following HFS in the
presence of both CCK and leptin. Leptin alone had no effect on glutamate signaling. These
results suggest that CCK and leptin act synergistically in the DMH to dampen glutamate
signaling onto DMH neurons, an effect that could mediate the satiety effects of these hormones.
Overall, this research provides important information on how CCK and leptin act in the brain to
potentially modulate appetite.
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Abstract: Neuropeptide Y (NPY) is an abundant neuropeptide that is expressed in multiple brain
regions, including the nucleus accumbens. Studies have shown that NPY signaling is involved in
anxiolytic and anti-depressive behavioral effects. NPY has also been linked to stress regulation
and adaption through its antagonistic effects on the behavioral consequences of stress. The
effects of NPY in the brain are mediated through Gi,-coupled receptors, Y1, Y2, and Y5. NPY,
along with the Y1 receptor subtype, has one of its highest levels of expression in the NAc, which
is involved in a range of adaptive stress responses. Exogenous infusion of NPY in the NAc
induces a robust increase in extracellular dopamine as well as conditioned place preference in a
dopamine receptor-dependent manner. However, the specific mechanism of NPY’s effect on
dopamine and the effects of stress on NPY-mediated DA signaling remains unknown. In this
study, we investigated the effects of NPY and [Leu31, Pro34]-NPY (NPY Y1 receptor agonists)
on the extracellular release of dopamine in acute NAc core-containing mouse brain slices using
Fast Scan Cyclic Voltammetry (FSCV). NPY significantly increased dopamine release from
baseline in both male and female mice. The Y1 receptor agonist caused a significant increase in
dopamine release in the female mice but had mixed effects in the male mice. The effects of the
Y1 receptor agonists in both the males and females was blocked by the addition of BIBO 3304
trifluoroacetate, a Y1 receptor antagonist. Ongoing studies address NPY-DA interaction
following stress. This data highlights the NPY system’s involvement in the regulation of
mesolimbic dopaminergic neurotransmission, which could be a possible mechanism for NPY’s
involvement in stress adaption.

Disclosures: T.W. Murray: None. B.A. Grueter: None. N.K. Smith: None. T.R. Hunt:
None. C.A. Grueter: None.

Poster

269. Neuropeptides and Other Signaling Molecules
Location: SDCC Halls B-H

Time: Monday, November 14, 2022, 8:00 AM - 12:00 PM
Program #/Poster #: 269.07

Topic: 1.08. Methods to Modulate Neural Activity

Support: NIMH Grant 5T KOO MH123667 04
NINDS Grant 5T U19 NS107616 04
Burroughs Wellcome Fund PDEP

Title: Photopharmacological control of oxytocin signaling in the central nervous system and
periphery

Authors: *1. AHMED?, J. LIU?, C. BAIR-MARSHALL!?, K. A. GIENIEC?, B. HETZLER®, A,
B. ADEWAKUN?, C. J. ARP3, L. KHATRIY, G. C. VANWALLEGHEM*, A. SEIDENBERG!,
P. COWIN!, D. TRAUNERS?, M. CHAQ!, F. M. DAVIS*2 R. TSIEN?, R. C. FROEMKE?;
INew York Univ. Grossman Sch. of Med., New York, NY; 2Univ. of New South Wales Sch. of
Med. Sci., Sydney, Australia; 3New York Univ., New York, NY; *Aarhus Univ., Aarhus,
Denmark



Abstract: Oxytocin is a nine amino acid neurohormone that is critical for lactation and other
aspects of maternal physiology (Burbach et al. 2006; Valtcheva & Froemke 2019), as well as
social behavior (Insel and Young 2001; Marlin et al. 2015), and is thought to be dysregulated in
several neuropsychiatric disorders (Cochran et al. 2013). Despite the importance of this molecule
for these biological and neurocognitive functions, methods are lacking to deliver and activate
oxytocin with spatiotemporal specificity to the brain and periphery. For precise control of
oxytocin signaling in mammalian tissues, we developed caged analogs of oxytocin which are
functionally inert until cage release is triggered by ultraviolet light. We validated the caged
compounds in vitro using a fluorescent calcium flux assay and calcium imaging in cell culture.
We further demonstrated its utility in brain tissue by performing whole-cell electrophysiological
recordings in acute brain slices of mouse auditory cortex. We demonstrated that photorelease of
the caged-oxytocin cause significant membrane depolarization of OXTR+ neurons (n=9,
p=0.03) but not OXTR- neurons (n=5). The effect of photolyzed caged-oxytocin was similar to
the pharmacological application of oxytocin peptide, which also depolarized OXTR+ neurons
(n= 13, p=0.001) but not OXTR- neurons (h=9). We also examined UV uncaging in mouse
hippocampal CA2 neurons and observed a similar depolarization in OXTR+ neurons (n= 10). In
absence of photorelease, caged-oxytocin was relatively inert in brain slices. In vivo, oxytocin
uncaging accelerated the onset of mouse maternal behavior in virgin females co-housed with an
experienced dam and litter (N=9, p = 0.03), comparable to the action of exogenous oxytocin or
optogenetic stimulation of the oxytocin system (Marlin et al. Nature 2015; Carcea et al. Nature
2021). Finally, we tested our caged compound in peripheral tissue. We examined how focal
versus global oxytocin application affected Ca?* wave propagation in mammary glands.
Together, these results demonstrate that photopharmacological control of caged peptides is a
robust tool for modulating neuropeptide signaling throughout the brain and body.
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Abstract: Our group has published that the peroxisome proliferator-activated receptor alpha
(PPARa), a nuclear receptor, is linked to the regulation of the sleep-wake cycle. For instance, the
activation of PPARa by endogenous ligands such as oleoylethanolamide (OEA) and
palmitoylethanolamide (PEA) promotes wake-inducing effects and blocks the sleep rebound
period after total sleep deprivation. In addition, we have demonstrated that systemic injections of
either OEA or PEA enhanced the extracellular contents of neurotransmitters related to
modulation of wakefulness, such as acetylcholine and 5-hydroxytryptamine by engaging PPARa
activation. Interestingly, emerging data have shown that PPARs are also regulated by hormones,
such as testosterone. Here, we have investigated the effects of treatments of OEA or PEA on the
contents of testosterone by using in vivo microdialysis techniques as well as HPLC means. For
this purpose, OEA or PEA were systemically injected (5, 10 or 30 mg/kg; i.p.), and testosterone
was addressed by the analysis of dialysates collected from a microdialsis probe placed at the
basal forebrain, a wake-related brain area, in rats. Results showed that pharmacological
challenges significantly decreased the levels of testosterone. Preliminary data suggest that OEA
or PEA affects brain levels of testosterone in rats and such effect may have neurobiological
significance in the sleep-wake cycle modulation by PPARa.
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Abstract: Exercise increases the expression of BDNF in the brain, and beneficially contributes
to cognitive and sensory-motor function. So far, findings regarding exercise-induced BDNF
expression in the brain are based on biochemical or histochemical analyses using brain tissues
from euthanized animals. Thus, it has been impossible to detect time-course changes of BDNF
expression after exercise in an individual animal. In this study, we measured time-course
changes of exercise-induced BDNF expression in the brain of Bdnf-Luc Tg mice using in vivo
bioluminescence imaging (BLI).Ten adult male Bdnf-Luc Tg mice were divided into two groups:
a 0-4 h post-exercise group (n=5), in which BLI was performed between 0 and 4 h after the end
of exercise, and a 4-8 h post-exercise group (n=5), in which BLI was performed between 4 and 8
h after exercise. Exercise intervention was carried out 5 days a week for 4 weeks. BLI was
performed at the timing of pre-exercise, after a single exercise, after 2 weeks exercise, and after
4 weeks exercise. We performed BL1 at 0, 15, 30, 45, 60, 120, and 240 minutes after a single
administration of Akalumine-HCI (TokeOni) , a luciferase substrate. We calculated numerical
integration using the trapezoidal approximation from a plot showing the luminescence intensity
over 240 min after TokeOni administration, in addition to the measurement of luminescence
level at each time point in both groups.Although there was no significant effect of exercise in the
0-4 h post-exercise group, BLI in a 4-8 h post-exercise group showed that a single exercise
acutely increased the integrated luminescence intensity and repetitive exercise for 2 weeks also
increased the intensity, indicating that BDNF expression was enhanced in the brain 4-8 h after
exercise. Meanwhile, such a significant increase was not detected after four weeks of exercise. In
addition, BLI showed that repetitive exercise for two weeks accelerated the timing of enhanced
luminescence after exercise, i.e, a single exercise significantly increased the intensity 6h after
exercise, whereas two week exercise significantly increased the intensity within 4h after
exercise, suggesting that repetitive exercise enhance the sensitivity to BDNF expression
triggered by acute exercise. This study firstly reports that exercise enhances BDNF expression in
the brain in vivo based on BLI. This study showed that BDNF expression was enhanced by a
single exercise intervention, and BDNF expression was accelerated after 2 weeks of exercise, but
weakened after 4 weeks of exercise. These results indicate that BL1 is a useful method to
measure time-dependent modification of exercise-induced BDNF expression in the brain.
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Abstract: MET receptor tyrosine kinase (MET) is a synaptic regulator that peaks temporally in
the cerebral cortex during the active period of synaptogenesis. In medial prefrontal cortex
(mPFC), a cortical region involved in higher order cognitive functions, MET is expressed during
development in a subset of subcerebral projection neurons (SCPNs), while largely absent from
intralencephalic PNs. The role of the neuron subtype-specific expression of MET in mPFC
remains unknown. To determine 1) the specific projection targets of MET™ mPFC neurons and 2)
whether there are projection target specificities of MET* mPFC SCPNs compared to overall
mPFC SCPNs, connectomics analyses was performed. At postnatal day (P) 12 in a transgenic
mouse line that expresses high levels of green fluorescent protein (GFP) in MET™ neurons
(Met® " mice), the mPFC was stereotaxically injected with Cre Dependent on GFP viruses
(CRE-DOG) and flex-tdTomato to permanently label the mPFC MET-GFP expressing neurons
and their axons with tdTomato. A separate cohort of Met®™ mice were injected in mPFC at P12
with AAV2/1-hSyn-mTurqoise2 virus to permanently label all transfected neurons at the
injection site and their axons with mTurqoise2, independent of MET-GFP. Brains were then
collected at various ages between P19 and P60 and processed for immunofluorescence and
confocal microscopy. We find that MET* mPFC projections are abundant in many of the
expected mPFC subcerebral targets, including modest axonal labeling in midline dorsal thalamic
nuclei and dense labeling in preoptic areas of the hypothalamus and zona incerta. Surprisingly,
very few labeled axons were present in the basolateral amygdala, a target that receives dense
innervation from mPFC neurons, independent of MET. These results suggest that MET™ mPFC
SCPNs target specific subcortical areas, providing an opportunity to perform future studies on
the involvement of MET-specific circuits in specific functions.
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Title: Antidepressant properties of ketamine and psychedelics: A common cellular pathway?
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Abstract: Previous data suggest that the heterotrimeric G protein, Gsalpha (Gsa) is ensconced
predominantly inlipid rafts in subjects with major depressive disorder (MDD), resulting in
impaired stimulation ofadenylyl cyclase. Both diminished Gsa-adenylyl cyclase coupling and an
increase in the proportion ofGsa in lipid rafts have been observed in MDD. Antidepressants
accumulate slowly in lipid rafts andevoke translocation of Gsa out of lipid rafts toward a more
productive association with adenylyl cyclase,resulting in sustained cAMP elevation and sequelae
such as increased brain-derived neurotrophicfactor. We hypothesize that heightened
accumulation of Gsa in lipid rafts is a biomarker for depression,and that the translocation of Gsa.
from those rafts is a biomarker for clinical response to antidepressants."Rapid-acting"
antidepressant compounds, such as ketamine, have the same effect, but on an
acceleratedtimescale. Some clinical data suggest that psychedelics, at hallucinogenic doses,
evoke a long-lastingantidepressant response after a single dose. This study sought to compare the
effects of these variouscompounds on cellular features of antidepressant response using cultured
cells (C6 glioma, SK N SHneuroblastoma or astrocytes induced from fibroblasts derived from
MDD or control subjects) exposed tofluoxetine, desipramine or ketamine (all 10 uM) or LSD (10
nM) or psilocin (psilocybin metabolite-50nM). cAMP was determined by Alpha Screen or
fluorescent reporters. There were distinct differences in the response profile for the compounds.
Fluoxetine and desipraminerequired three-day exposure to translocate Gso from rafts and
increase Gsa-activated adenylyl cyclase.The effects of ketamine, while the most rapid in onset,
declined over a 24-hour period, returning to pre-drug values after that time. However, both LSD
and psilocin (1 hr exposure followed by washout) gave aprolonged antidepressant biosignature.
All experiments were repeated 4-6 times in triplicate.Antidepressants, psychedelics and ketamine
all show an antidepressant biosignature, revealing amobilization of Gsa from lipid rafts and an
increased signaling of GPCRs working through Gsa.Previous studies in postmortem brain and in
platelets showed that this biomarker was enriched in lipidrafts from depressed subjects and
reverted toward control values after effective treatment (as indicated byHAM-D). The
similarities and differences in the actions of these drugs at the cellular level may lead to abetter
molecular understanding of the distinct kinetic features of their actions.
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Title: Regulating Effector T Cell Differentiation Through Slc7a5 Amino Acid Transporter in
Experimental Models of MS

Authors: *M. COZART, J. HU, M. BAYDYUK, J. HUANG,;
Georgetown Univ., Washington, DC

Abstract: Multiple Sclerosis (MS) is an autoimmune disease mediated by the infiltration of
autoreactive T cells into the central nervous system (CNS). T cells contribute to both acute and
chronic inflammation, causing loss of the myelin sheath, a protective layer surrounding axons
and made by oligodendrocytes in a process called demyelination. Excessive demyelination leads
to axonal damage and progressive neurodegeneration. Interestingly, upon demyelinating injury,
myelin producing oligodendrocyte precursor cells (OPCs) are recruited to the site of damage,
where they differentiate into mature oligodendrocytes and restore myelin in an endogenous
process known as remyelination. Unfortunately, with disease progression, remyelination fails to
occur for reasons not fully understood. One possibility for remyelination failure is unresolved
inflammation in the CNS caused by effector Th1l and Th17 cells. Here we hypothesize that a
large neutral amino acid transporter, known as Slc7a5, promotes T-cell expansion following
demyelination. We found that Slc7a5 is upregulated in CNS lesions after lysolecithin-induced
demyelination in mice. To examine the effect of Slc7a5 loss of function in CD4+ T-cells on
remyelination, lysolecithin-induced demyelination was performed on Slc7a5f/f CD4-Cre mice.
We found that the Slc7a5f/f CD4-Cre mice displayed significant increase in oligodendrocytes
and remyelination in lesions compared to control mice. Moreover, analysis of T-cell population
from splenocytes of Slc7a5f/f CD4-Cre mice revealed a significant decrease in Thl and Th17
cells and no change in regulatory T cells, or Tregs, that are known to reduce inflammation and
promote remyelination. Our results suggest that Slc7a5 inhibition in T-cells reduces
inflammation, leading to endogenous remyelination, and that Slc7a5 may be a potential novel
immunomodulatory target for improving remyelination in MS.
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Title: Synaptotagmin 9 modulates spontaneous neurotransmitter release in striatal neurons by
regulating substance P secretion

Authors: *M. SEIBERTl, C. EVANSZ, K. STANLEYl, Z. WUl, E. CHAPMANl;
1Univ. of Wisconsin - Madison, Univ. of Wisconsin, Madison, Madison, WI: 2Duke Univ.,
Durham, NC

Abstract: Synaptotagmin 9 (SYT9) is a tandem C2-domain Ca?* sensor for exocytosis in
neuroendocrine cells; its function in neurons remains unclear. In this work, we characterized the
role of SYT9 in neuronal cell biology and synaptic physiology using cultured neurons from WT
and Syt9 KO mice. We show, via whole-cell voltage-clamp experiments, that SYT9 does not
trigger rapid synaptic vesicle exocytosis in cultured cortical, hippocampal, or striatal neurons;
rather, synaptotagmin 1 (SYT1) fulfills this function. We also demonstrate, via quantitative
immunoblotting, that SYT9 is expressed in cultured cortical, hippocampal, and striatal neurons at
levels that are ~25x less than SYTL1. Only upon significant over-expression, can SYT9 rescue
some degree of fast, synchronous neurotransmitter release in Sytl KO cortical neurons, but this is
an artifact resulting from mislocalization of the over-expressed protein. We went on to observe
that miniature inhibitory postsynaptic current (mIPSC) frequency was decreased in Syt9 KO
striatal neurons, with no differences observed in cortical or hippocampal neurons. To begin to
elucidate the role of SYT9 in regulating mIPSCs in striatal neurons, we found, via
immunocytochemistry, that endogenous SYT9 was colocalized with substance P (SP), a
neuropeptide that is packaged into dense core vesicles (DCV). The neuropeptide is enriched in
striatal tissue and is an agonist to the neurokinin 1 receptor (NK1R). To address whether SYT9
regulates SP secretion, we expressed a SP-pHIuorin fusion protein in cultured striatal neurons
and observed reductions in release in Syt9 KOs. To determine whether SP secretion contributes
to mIPSC frequency, we measured mIPSC frequency in Syt9 KO striatal neurons in the presence
of exogenous SP in the bath solution; SP supplementation fully rescued the Syt9 KO mIPSC
phenotype. Additionally, when WT striatal neurons were treated with SR140333, an NK1R
antagonist, we observed a decrease in mIPSC frequency that phenocopied the Syt9 KO
phenotype. These results suggest that SYTQ serves as a Ca?* sensor for SP secretion from striatal
neurons, and that this secretion regulates spontaneous synaptic transmission in striatal neurons.
These findings reassign the function of SYT9 in striatal neurons and open the way for future
study of the function of SYT9 in other neuron types and brain regions.
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Title: Serotonin transporter (SERT) Ala276 mouse: novel model to assess the biochemical,
physiological, and behavioral impact of SERT Thr276 phosphorylation in vivo

Authors: *C. MEINKE!?, F. P. MAYER?, A. STEWART?, S. RAMAMOORTHY?, R. D.
BLAKELY

!Dept. of Biomed. Sci., Florida Atlantic Univ., Jupiter, FL; 2Intl. Max Planck Res. Sch. for
Synapses and Circuits, Max Planck Florida Inst. for Neurosci., Jupiter, FL; ®Dept. of Pharmacol.
and Toxicology, Virginia Commonwealth Univ., Richmond, VA; “Florida Atlantic Univ. Stiles-
Nicholson Brain Inst., Jupiter, FL

Abstract: Serotonin (5-hydroxytyramine, 5-HT) is as an essential neuromodulator of several
fundamental processes, including mood, cognition, and social behavior. The presynaptic 5-HT
transporter (SERT) mediates the clearance of extracellular 5-HT, tightly regulating the
availability of 5-HT for synaptic and extra synaptic signaling. Consequently, alterations in SERT
function have been proposed to contribute to the etiology of 5-HT associated disorders such as
depression and anxiety for which the 5-HT selective reuptake inhibitors (SSRI), which
antagonize SERT, are widely prescribed. Ample evidence has demonstrated that SERT function
is amenable to regulation via kinase-mediated phosphorylation. SERT phosphorylation has been
detected following PKC, PKG, GSK3 and p38 MAPK activation and leads to changes in
catalytic activity or surface expression. In vitro studies revealed that SERT Ala276 is a key site
targeted by PKG and that phosphorylation at this residue biases SERT conformation, leading to
changes in activity and drug responses. Using SERT Ala276 knock-in (K1) mice, we are
investigating the requirement for SERT Thr276 phosphorylation for 5-HT neurotransmission as
well as basal and drug modulated behaviors. Preliminary data from surface biotinylation studies
in dorsal striatum brain slices of adult male mice revealed an increase in SERT surface
expression after treatment with the PKG activator 8-Br-cGMP, consistent with prior cell culture
studies, whereas Ala276 mice show elevated basal surface SERT and a decrease in SERT surface
levels after 8-Br-cGMP treatment. Recently, we reported that SERT Ala276 homozygotes
displayed sex-dependent alterations in repetitive and social behavior. SERT Ala276 females
exhibit a decrease in marble burying whereas males exhibit a decrease in social dominance in the
tube test. Interestingly, conducting the three-chamber social preference test revealed that
females, but not males, display a decrease in social preference compared to WT controls. We
hypothesize that males may require SERT Thr276 phosphorylation to sustain social interactions
whereas females require SERT Thr276 phosphorylation to motivate social engagement. Ongoing
efforts seek to examine basal and regulated surface expression in acute brain slices from SERT
WT and Ala276, and the consequences and reversal of these alterations in vivo with circuit-
specific amperometry and fiber photometry. The results of our studies will allow us to
understand how SERT regulation contributes to synaptic 5-HT homeostasis and behavior in
normal and pathological states and thereby provide insights into mechanisms underlying
neuropsychiatric disorders.
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Title: ProNRG2 accumulates at neuronal ER-PM contacts via VAP binding and independently
of Kv2.1

Authors: *D. VULLHORST, M. S. BLOOM, N. AKELLA, A. BUONANNGO;
NICHD, NIH, Bethesda, MD

Abstract: Junctions between the endoplasmic reticulum (ER) and the plasma membrane (PM)
are involved in important processes including calcium homeostasis, lipid transfer and regulation
of intrinsic neuron excitability. We recently reported that the transmembrane proform of
Neuregulin 2 (proNRG2), an important ligand of the ErbB4 receptor that regulates synaptic
function and plasticity, selectively accumulates at ER-PM contacts in cortical and hippocampal
GABAergic interneurons. ProNRG2 puncta are closely associated with Kv2.1, a voltage-gated
potassium channel that interacts with VAP (VAMP-associated protein), an ER-transmembrane
protein mediating membrane contacts with the PM and various intracellular organelles.
ProNRG2 is regulated by glutamatergic signaling via NMDA receptors, like Kv2.1, and its
accumulation at membrane contacts requires two conserved sequence elements located in its
intracellular domain known as C- and D-boxes. However, the protein(s) targeting proNRG2 to
ER-PM contacts are not known. As Kv2.1 clusters have been suggested to serve as
microdomains involved in trafficking of other plasma membrane proteins, we began by
exploring its possible involvement using shRNA-mediated knockdown and found that Kv2.1 is
dispensable for proNRG2 targeting to ER-PM contacts. Furthermore, immunocytochemistry and
immunogold electron microscopy of AAV-transduced neurons indicated that proNRG2
overexpression promotes the formation of ER-PM contacts. Because of the highly similar
subcellular localization of Kv2.1 and proNRG2, we then tested whether VAP independently
interacts with both Kv2.1 and proNRG2 and indeed detected VAP but not Kv2.1 in proNRG2
immunoprecipitates from cultured neurons, brain tissue and heterologous 293 cells.
Unexpectedly, although neither the C- nor the D-box conform to a canonical FFAT motif,
proNRG2 variants lacking either one failed to co-immunoprecipitate VAP, indicating that high-
affinity proNRG2-VAP interactions involve cooperative VAP binding to two separate and
noncanonical FFAT motifs in the proNRG2 ICD. Evidence from point mutation and GST
pulldown experiments furthermore indicated that the C-box harbors a cryptic and
phosphorylation-dependent VAP binding site (similar to the Kv2.1 PRC motif). In summary, our
findings reveal proNRG2 as an independent organizer of neuronal ER-PM contacts and suggest
that autocrine proNRG2/ErbB4 signaling and Kv2.1 channels function synergistically to



homeostatically regulate intrinsic excitability in GABAergic interneurons in response to NMDA
receptor activation.
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Abstract: Background: The birth of newborn neurons or neurogenesis generates new granule
cell neurons that mature and incorporate into the hippocampal dentate gyrus circuit throughout
the lifetime. Changes in the rate of neurogenesis are associated with changes in cognitive
performance, memory, and affective behavior. Previously, our group has shown that bone
morphogenic protein (BMP) signaling is a powerful negative regulator of hippocampal
neurogenesis, but it is currently unknown how BMP signaling is regulated within the neurogenic
niche. Here we aimed to investigate the interrelationship between BMP signaling and dentate
granule neuron activity using both in vivo and in vitro models. Methods: Hippocampal neuronal
progenitor cellss were cultured as neurospheres from P0-3 B6C57 wildtype mice in the presence
of noggin 250ng/ml and EGF 10ng/ml. Neurospheres were dissociated and cells were plated on
poly-D-lysine laminin coated adherent plates and differentiated for 28-32 days to maturity with
DMEM F-12 containing NT-3 and BDNF. Prior to collection, cultures were treated with KCI to
induce neuronal depolarization or vehicle. Cells were subsequently collected for protein analysis
by Western blot and RNA for RT-gPCR. Additionally, we stereotaxically injected 8-12 week old
wildtype B6C57 mice with an GFP expressing AAV 2/9 Camkii virus expressing either an
activating (Dq) or inhibiting (Di) DREADD. DREADDs were activated by the inert clonazapine
derivative CNO. Brains of these animals were then collected for both immunohistochemistry and
RT-gqPCR and Western analyses. Results: We observed an activity mediated increase in the
expression of the BMP antagonist, noggin, with KCI-induced depolarization in cultured dentate
granule neurons. Depolarization increased both noggin transcript and protein expression in vitro
and in vivo. Animals expressing neuronal activating DREADD receptors (hM3Dq) showed
similar activity related increase in noggin in vivo in response to receptor activation, indicating
that hippocampal BMP antagonism is activity dependent. The effects of silencing the activity of
mature granule neurons on noggin expression, both in vitro and in vivo, are in progress.



Conclusion: We localized the BMP inhibitor, noggin, to dentate gyrus granule cells. In vitro
analyses demonstrate that noggin expression is regulated by neuronal activity. Activation of
DREADD:s expressed in mature granule neurons in vivo similarly leads to changes in BMP
signaling. This work suggests that the level of BMP signaling in the adult neurogenic niche is
modulated by neuronal activity through the regulation of the expression of the BMP antagonist
noggin.
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Title: Analyses of the effect of adrenomedullin on pulsatile luteinizing hormone secretion
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Abstract: [Background] The pulse mode of gonadotropin-releasing hormone (GnRH) release
from the hypothalamus and following luteinizing hormone (LH) pulses from the pituitary induce
follicular development in female animals. Kisspeptin neurons distributed in the hypothalamic
arcuate nucleus (ARC) are suggested to play key roles to control GnRH/LH pulses. However, the
central mechanisms regulating GnRH/LH pulses remain to be elucidated. Adrenomedullin (AM),
a secretory peptide expressed in various tissues and cells including the hypothalamic
paraventricular nucleus and supraoptic nucleus, is known as a biomarker of various diseases. In
this study, we aimed to reveal the effects of AM on pulsatile LH secretion and investigate the
pathway to induce the effects. [Method] Eight-week-old Wistar-Imamichi female rats that were
ovariectomized and treated with 17p-estradiol (OVX+E: rats) received brain surgery so that the
guide cannula for microinjection was implanted into the lateral ventricle (LV). Six days later,
serial blood sampling was performed every 6 minutes for 3 hours. During the first 10 minutes of
blood sampling, AM dissolved in 10 puL of saline (0 nM, 0.1 nM, or 0.5 nM) was microinjected
into the LV. After the blood sampling, rats were perfused with 4% paraformaldehyde and brains
were collected. LH concentrations in plasma were measured by radioimmunoassay. Brain
sections including the ARC were subjected to in situ hybridization of the kisspeptin gene (Kiss1)
and the number of Kiss1-expressing cells was counted. Brain sections from OVX+E rats
without any treatment were subjected to double immunohistochemistry (IHC) of either GhnRH or
kisspeptin with each of the AM receptor components (CALCRL or RAMP2). [Results] The



group injected with 0.1 nM AM showed lower mean basal LH levels compared to the control
group, suggesting the negative effect of AM on LH secretion. The number of Kiss1-expressing
cells did not differ between AM-injected and control groups, suggesting that AM did not
influence the Kiss1 expression. Double IHC of GnRH and CALCRL or RAMP2 and kisspeptin
and CALCRL or RAMP2 did not detect colocalization of AM receptors on GnRH neurons nor
ARC kisspeptin neurons, suggesting that AM does not directly affect those neurons.
[Conclusion] The present results indicate that AM in the brain has a suppressive effect on LH
secretion. In addition, the effect is unlikely to be caused by the direct action of AM on ARC
kisspeptin neurons nor GnRH neurons.
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Title: Chemoarchitecture of human dorsal, lumbar precerebellar and sacral precerebellar nuclei

Authors: *I. DEMIRCUBUK?, E. CANDAR?, G. SENGUL?;
1Dept. of Anat., 2Dept. of Neurosci., Ege Univ. Inst. of Hlth. Sci., Izmir, Turkey; 3Ege Univ.,
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Abstract: The dorsal nucleus (D) is located in the medial part of lamina IV in T1(2)-L2(3),
lumbar precerebellar nucleus (LPrCb) in lamina VII of L1-L5, and sacral precerebellar nucleus
(SPrCb) in lamina VI1I of S1-Col in the human spinal cord. Thus far, studies using retrograde
neuronal tracers have shown that D, LPrCb, and SPrChb neurons project to the cerebellum.
Neuronal loss in the precerebellar nuclei leads to multiple system atrophy. In this study, we
aimed to show the detailed chemoarchitecture of these nuclei in the human spinal cord. T1-T12,
L1-L5, S1-S5, and Col human spinal cord segments fixed with 10% formalin were transversely
cut at a thickness of 30 pum and stained with calbindin, calretinin, parvalbumin, glutamate
decarboxylase 65/67 (GAD 65/67), cocaine- and amphetamine-regulated transcript peptide
(CART), neuronal nuclear antigen (NeuN), choline acetyltransferase (ChAT), substance P (SP),
serotonin, and enkephalin immunohistochemistry. Under light microscopy, we observed that all
these neuronal markers are found in neurons of these precerebellar nuclei. Our data demonstrate
a marked heterogeneity in the anatomical distribution of neurotransmitter markers in the



precerebellar nuclei. This anatomical and functional diversity may lead to diverse influences
these precerebellar nuclei may exert upon the cerebellum.
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Abstract: The neuritogenic cCAMP sensor NCS-RapGEF2 is a neuroendocrine-specific molecule
connecting CAMP elevation to the activation of ERK (Emery et. al., 2013, Sci. Sig). Rapgef2
MRNA comprises two families of transcript variants that represent two distinct promoter sites in
the Rapgef2 gene. One set of transcripts (NCS-Rapgef2) is expressed at high levels in adult
rodent brain, with the other (NN-Rapgef2) expressed in all tissues (Jiang et. al., 2017, eNeuro).
RapGEF2 protein expression correlates with that of the NCS-Rapgef2 transcript. Expression of
NCS-Rapgef2 in cells lacking RapGEF2 protein confers RapGEF2 protein expression and
cAMP-dependent ERK activation, while in RapGEF2-producing cells, deleting or silencing the
transcript abrogates both. The role of the peripherally expressed NN transcript is unknown. We
hypothesize that the NCS transcript is obligatory for protein production, and that cells with no
protein will express only the NN transcript. We investigated this hypothesis in mouse brain,
where IHC reveals RapGEF2 immunoreactivity in NeuN+ neurons but not in GFAP+ glia. ISH
reveals that while neurons express both NCS and NN transcripts, Sox9+ astrocytes and Olig2+
oligodendrocytes do not express Rapgef2 transcripts of either variety. This raises the possibility
of different mechanisms for restriction of RapGEF2 expression in brain and periphery:
Astrocytes and oligodendrocytes exclude RapGEF2 production by not expressing either family
of transcript, but the NN transcript is present peripherally without protein production. We have
produced NS1 cells in which the Rapgef2 gene is mutated, preventing protein production (Xu et.
al., 2021, JNE). PiggyBac-mediated expression of NCS or NN Rapgef2 in these cells will clarify
the role of the transcript variants in protein production and stability.
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Title: Ror2 homodimerization activates a neuronal wnt signaling cascade to increase trafficking
of nmdars
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Abstract: RoR2 belongs to a conserved family of tyrosine kinase receptors that acts as a Wnt
receptor and is involved in developmental processes, angiogenesis, cell movement, and cell
polarity. Furthermore, RoR2 remains in the mature Central Nervous System in different areas
such as hippocampus and is present in dendrites, regulating neural process and synapses
homeostasis. In this case, RoR2 plays an important role in synapse formation in neuronal
primary cultures where its downregulation results in decreased synaptic contacts. Depending on
the cellular context, ROR2 can exerts its function as homodimer or heterodimer with other Wnt
receptors to activate or repress transcription of different proteins. We had described a novel
noncanonical Wnt signaling cascade in neurons that requires RoR2. Wnt5a, but not Wnt7a,
increases dendritic intracellular Ca2+, activates PKC and JNK kinases in dendrites, and increases
trafficking of NMDA-type glutamate receptors to synapses in a RoR2-dependent manner, as its
knockdown prevents signaling (McQuate et al. 2017). This increase in synaptic content of
NMDARs lowers the threshold for long-term potentiation (LTP), a form of synaptic plasticity
underlying memory formation. Whether neuronal RoR2 acts by itself or in association with a co-
receptor is not known. Using chemically induced dimerization of recombinant RoR2, we tested
whether homodimerization of RoR2 is sufficient to activate the signaling cascade leading to
increased trafficking of NMDA receptors. In HEK293 cells RoR2 homodimerization by itself
can activate RoR2 autophosphorylation and activates PKC and JNK. Additionally, in dissociated
culture neurons RoR2 homodimerization increase cytosolic calcium and increases trafficking of
NMDARS. These results suggest that RoR2 homodimerization is sufficient to activate the
neuronal Wnt signaling pathway present in the mature CNS.
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Title: Anterograde delivery of Rab10-organelles regulates the sorting of internalised TrkB for
retrograde axonal transport: a flexibility factor

Authors: *O. LAZO, G. SCHIAVO;
UK Dementia Res. Inst. and Dept. of Neuromuscular Dlseases, UCL Queen Square Inst. of
Neurol., London, United Kingdom

Abstract: Neurons process real-time information coming from axon terminals to coordinate
complex cellular responses, including gene expression, growth and plasticity. Input from distal
axons is encoded as a stream of endocytic organelles termed signalling endosomes, which are
targeted to the soma. Formation of these organelles depends on target-derived molecules, such as
brain-derived neurotrophic factor (BDNF), which is recognised by TrkB receptors on the plasma
membrane, endocytosed and transported to the soma along the microtubules network.
Notwithstanding its physiological and neuropathological importance, the mechanism controlling
the sorting of TrkB to signalling endosomes is currently unknown. In this work, we used primary
mouse brain neurons and advanced confocal microscopy to uncover the small GTPase Rab10 as
critical for TrkB sorting and propagation of BDNF signalling from axon terminals to the soma.
We manipulated the expression and activity of Rab10 in neurons cultured in microfluidic
devices, and study axonal transport, sorting of receptors and recruitment of motor proteins. Our
data demonstrate that Rab10 defines a class of axonal organelles, which are rapidly mobilised
towards the axon terminal upon BDNF stimulation, enabling the axon to fine-tune retrograde
signalling depending on BDNF availability at the synapse. These results suggest that Rab10
provides flexibility to the endosomal system and help to clarify the neuroprotective phenotype
recently associated to Rab10 polymorphisms in Alzheimer’s disease, providing novel therapeutic
targets for neurodegenerative conditions.
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Abstract: Endoplasmic reticulum/plasma membrane (ER/PM) junctions are subcellular hubs
important for mediating calcium homeostasis, protein localization and lipid exchange. Although
a number of ER proteins can interact with lipids on the PM, specific proteinaceous PM anchors
that form stable ER junctions have remained elusive. The voltage-gated potassium channel
Kv2.1 is the first PM protein found to engineer ER/PM junctions through interaction and
recruitment of the transmembrane ER protein VAMP-associated protein (VAP). While Kv2.1
has a canonical conducting role in shaping electrical activity in the somatodendritic
compartment, a non-conducting population of Kv2.1 channels form ER/PM junctions occupying
~10% of the neuronal soma. These sites are involved in delivery of membrane proteins to the PM
in addition to being sites of neuron-glia contact. Here, we present data in cultured hippocampal
neurons that loss of Kv2.1 decreases the ability of the somatic ER to fill with calcium during
electrical stimulation. More importantly, and in contrast to Kv2.1 dogma, we go on to
demonstrate that Kv2.1 is enriched in synaptic terminals where it exclusively engages in a non-
conducting role, significantly altering both ER calcium handling and synaptic function. Using
noninvasive optical indicators, we reveal that genetic knockdown of Kv2.1 impairs stimulation-
evoked calcium uptake into the ER and decreases synaptic vesicle exocytosis. Further,
localization of Kv2.1 as well as VAP recruitment to terminals were found to be important for
maintaining the unique role of these ER/PM junctions with regards to important aspects of
synaptic physiology.
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TRIMMER?;

!Anesthesiol. & Pain Med. and Physiol. & Membrane Biol., 2Physiol. and Membrane Biol.,
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Abstract: Voltage-gated K+ channels of the Kv2 family are highly expressed in brain and play
dual roles in regulating neuronal action potentials and membrane excitability, and in organizing
specialized endoplasmic reticulum - plasma membrane (ER-PM) junctions on neuronal cell
bodies and proximal dendrites. Numerous studies have defined the expression, localization and
function of the Kv2.1 and Kv2.2 subunits which form homo- or hetero-tetrameric channels in
brain neurons. However, studies suggest that these Kv2 subunits may also co-assemble with a
related family of “electrically silent” (KvS) subunits. Most notably, when co-expressed in
heterologous cells KvS subunits co-assemble with Kv2 subunits to form hetero-tetrameric
channels with unique biophysical properties, and KvS subunit mRNA expression overlaps with
that of Kv2.1 and Kv2.2 in brain neurons. To begin to define the contribution of KvS subunits in
mammalian brain we characterized their protein expression, localization and contribution to Kv2
channels in rodent brain. In mass spectrometry-based proteomic experiments, we identified four
KvS subunits present in Kv2.1 complexes immunopurified from mouse brain, with Kv5.1 being
the most abundant (~16% of spectral abundance of Kv2.1). Focusing on Kvb5.1, we found that it
co-immunoprecipitated together with Kv2.1 and Kv2.2 from brain lysates, being a component of
>15% of Kv2.1 and 6% of Kv2.2-containing channels. That Kv5.1 protein levels are decreased
by 70% in Kv2.1 knockout (KO) mice and 95% in Kv2.1/2.2 DKO mice supports that Kv5.1
expression in brain is dependent on its co-assembly into hetero-tetrameric Kv2 channels (Kv2.1
> Kv2.2). Multiplex immunofluorescent labelling of rodent brain sections revealed that Kv5.1 is
highly expressed in neocortex, where it is present in a large percentage of Kv2-positive neurons
in layer 2/3, and in a smaller percentage of neurons in layers 5 and 6. Kv5.1 is extensively
colocalized at the cellular level with both Kv2.1 and Kv2.2, however the ratios of Kv2.1, Kv2.2
and Kv5.1 immunolabeling vary widely between neurons even in the same cortical layer. At the
subcellular level, Kv5.1 is co-clustered with Kv2 subunits at ER-PM junctions in cortical
neurons, Finally, we found that Kv5.1 plasma membrane localization and clustering is
significantly reduced in cortical neurons in Kv2.1 KO mice, providing further evidence that
Kv2.1/Kv5.1 hetero-tetrameric channels predominate over Kv2.2/5.1 channels in rodent cortex.
Together, these findings demonstrate that KvS subunits create an unappreciated level of diversity
in Kv2 channels in brain, and likely regulate Kv2 channel function in a neuron-specific manner.
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Title: SPHKAP links depolarization to activation of type | PKA at neuronal ER-PM junctions
formed by Kv2.1 channels
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Abstract: Spatial and functional segregation of intracellular signaling machinery is critical for
protein kinase A (PKA) signaling, which regulates diverse neuronal processes including synaptic
transmission, gene expression, and electrical excitability. However, specific mechanisms
organizing PKA in the aspiny regions of neurons, especially the soma, are poorly understood.
Contacts between the endoplasmic reticulum (ER) and the plasma membrane (PM) provide
platforms that facilitate compartmentalized signaling in all eukaryotic cells. Prominent ER-PM
junctions are formed in many brain neurons by Kv2.1, a voltage-gated potassium channel whose
C-terminus tethers the PM to the ER. We used mass spectrometry-based proteomics to define the
molecular composition of Kv2.1-mediated ER-PM contacts as a starting point to identify their
specific neuronal functions. We previously showed that these sites on neuronal somata regulate
local membrane lipid turnover and form unique calcium signaling microdomains that couple
firing to gene expression. Here, we show that type | PKA is also highly concentrated on ER
cisterns at Kv2.1-mediated ER-PM junctions, recruited by the type | PKA-specific anchoring
protein SPHKAP (SPHK1 interactor, AKAP domain containing protein). Immunolabeled brain
sections from mice and rats of both sexes and cultured rat hippocampal neurons display robust
co-clustering of Kv2.1, SPHKAP, and type | PKA. Immuno-electron microscopy revealed
SPHKAP as part of the dense matrix found between and surrounding subsurface ER cisterns in
neuronal somata. Reciprocal regulation of PKA and calcium signaling machinery is a key
mechanism to coordinate their signaling pathways, and we find that L-type calcium channels
(LTCCs) and ryanodine receptors co-localize with type | PKA, SPHKAP, and Kv2.1. shRNA
knockdown of SPHKAP in hippocampal neurons reduced the amount of PKA molecules near
LTCCs, impaired depolarization-evoked calcium influx, and decreased depolarization-induced
activation of CREB and c-Fos, transcription factors involved in learning and memory. Moreover,
SPHKAP-dependent anchoring of type | PKA was critical for LTCC-triggered PKA substrate
phosphorylation. Proteomic analysis of phosphorylated PKA substrates immunopurified from
cultured neurons showed that depolarization triggers PKA phosphorylation of targets involved in
homeostatic plasticity. Together, these data reveal that SPHKAP targets type | PKA to Kv2.1-
mediated ER-PM junctions where it participates in a novel complex that compartmentalizes PKA
signaling in the neuronal soma to link depolarization-induced calcium entry, PKA activity, and
gene expression.
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Title: Dehydroepiandrosterone sulfate (DHEAS) is an endogenous Kv7 channel modulator

Authors: *N. HOSHI, L. ALHASSEN, O. CIVELLI;
Univ. of California, Irvine, Irvine, CA

Abstract: Kv7 potassium channels are low voltage activated potassium channels. One of
important physiological roles of Kv7 channels is reversible increase of excitability of neurons or
myocytes by suppression of Kv7 currents upon activation of Gg-coupled receptors. The pathway
toward Kv7 current suppression involves phospholipase C and an essential co-factor,
phosphatidylinositol 4,5-bisphosphate (PIP2). PIP2 is required to maintain the ion-conducting
conformation of Kv7 channels. Loss of PIP2 from Kv7 subunit is the major mechanism for Kv7
current suppression.

However, whether responsiveness of Kv7 channel is dynamically regulated or not remains
unknown. We found that 10 uM DHEAS, a steroid hormone, reduces Kv7 current suppression
induced by activation of m1 muscarinic receptors, when assessed by Kv7.2 or Kv7.5 homomeric
channels. Ci-VSP induced PIP2 depletion experiments suggested that this reduced
responsiveness of Kv7 channels is due to stabilization of the PIP2-bound conformation of Kv7
channels. In silico modeling suggests that high affinity binding of DHEAS to Kv7 channel is an
underlying mechanism for this modulation. Exogenous DHEAS administration (10 mg/kg, i.p.)
in mice attenuated the late phase nociception in formalin. These results suggest that modulation
of Kv7 channel responsiveness can modify nociception.
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Title: Characterization of PIP2 Binding Sites and Affinity and Phosphorylation Modulation of
Calmodulin and PIP2 Binding on Kv7.2 lon Channel

Authors: *D. NYANCHO?, K. CAO?, C. ARCHER?:
1Univ. of Texas HIth. Sci. Center, San Antonio, San Antonio, TX: 2Univ. of Texas at Austin,
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Abstract: Kv7 channels are voltage-gated K* membrane channels expressed throughout the
body. In the brain, they are critical for modulating neuronal excitability. Structural studies of
Kv7 channels show that the channel is a tetramer of varying combinations of subunits Kv7.1-5.
Kv7 channels are regulated by G protein-coupled receptors by altering levels of three key
signaling molecules: Ca?*- regulated calmodulin (CaM), phosphatidylinositol 4,5-bisphosphate
(PIP2), and protein kinase C (PKC). The regulatory domain (Kv7RD) of Kv7 channels is the
proximal carboxyl terminus region containing binding or action sites for these key signaling
molecules. PIP2 has three binding sites on Kv7RD: S6Jx, AB linker, and B-Ext. Also within the
Kv7RD, CaM has two binding domains called the A and B helices. PIP2-binding to Kv7
channels is associated with channel opening, whereas Ca?*-CaM and PKC binding are associated
with decreased channel activity. Kv7.2 is the subunit of interest in this study due to more than 80
mutations mapped to its gene resulting in neonatal epilepsies and encephalopathies. These
mutations lie within the binding domains for PIP2, CaM, and PKC. PKC action on Kv7.2 is
different from other subunits in that the phosphorylation site is a serine rather than threonine at
residue 527 (S527), and Kv7.2 has an additional phosphorylation site at S520. Our preliminary
data showed that phosphorylation by PKC reduced the affinity of Kv7.4 for CaM and PIP2. We
hypothesize that phosphorylation of Kv7.2 will have the same effect. This study seeks to
establish whether CaM and PIP2 compete for binding to Kv7.2 and to determine
phosphorylation’s role in modulating CaM and PIP2 to Kv7.2. The CaM binding sites have been
well characterized for Kv7.2, however the PIP2 binding sites have are not fully characterized
outside of functional patch-clamp studies. We investigated PIP2 affinity for Kv7.2 utilizing short
synthetic peptides and purified Kv7.2RD fused to His-MBP. Microscale thermophoresis and
fluorescence polarization assays showed that PIP2 directly binds multiple sites within the
Kv7.2RD. We used a similar approach to show how phosphorylation of S527 and S520 impact
CaM and PIP2 binding affinities to the Kv7.2RD. Following these assays, we used a structural
biophysics approach to explore further how phosphorylation affects the ability of CaM to
compete with PIP2 for binding the Kv7.2RD. Since Kv7 channels help regulate neuronal
excitability, the results of this study will contribute to our understanding of how Kv7 channels
are regulated. This can translate to improved therapies for seizures, stroke, pain, and traumatic
brain injuries.
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Title: Cloperastine reduces morphine-induced respiratory depression in rats: Potential
mechanisms for GIRK channel inhibition in locus coeruleus neurons

Authors: *H. YAO, H. XING, N. CUI, C. M. JOHNSON, C. JIANG;
Georgia State Univ., Georgia State Univ., Atlanta, GA

Abstract: Background: Respiratory depression is the main cause of death in opioid drug
misusage. Currently the only available therapeutic is naloxone that also blocks certain desired
opioid effects. Here we show evidence of alleviating the respiratory depression with the
antitussive cloperastine (CPS). Studies were performed in conscious rats in vivo and in brains
slices in vitro. Results: In plethysmography, CPS (30 mg/kg, s.c.) alleviated, but not eliminated,
morphine-induced breathing depression. CPS oral treatment (30 mg/kg/day, 7-day) shifted LD50
of morphine (i.p.) from 106 mg/kg to 130 mg/kg. Morphine increased K+ current in GIRK2 / p-
opioid receptor (MOR) double transfected HEK cells, which was reversed by SuM CPS.
Morphine hyperpolarized locus coeruleus (LC) neurons, raised their input resistance and
decreased firing activity, all of which were reversed by CPS. Removal of neuronal firing activity
with 0.5 uM TTX reduced the cellular responses of both morphine and CPS. In the presence of
0.5 uM TTX, the morphine-induced hyperpolarization can be eliminated by CPS, suggesting that
both pre- and postsynaptic mechanisms are involved. The presynaptic cells are likely to be
AMPA glutamatergic as CNQX had a similar effect to TTX. The presynaptic mechanisms
involved GIRK channels in synaptic terminals, as CPS increased mEPSCs amplitude and
frequency in LC cells to the same degree as the metabotropic glutamate receptor blocker
LY341495, and had no further effect after LY341495. Conclusion: CPS alleviates morphine-
induced breathing depression, blocks MOR-mediated GIRK2 channel activation, and improves
morphine LD50. In LC neurons, CPS seems to counteract morphine via blocking GIRK channels
1) in the LC cells, 2) in presynaptic glutamatergic neurons, and 3) in glutamatergic synaptic
terminals, all of which have excitatory effects on LC neurons in contrast to the inhibitory effects
of morphine. Therefore, it is likely that CPS interacts with morphine signaling at multiple acting
sites.
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Title: Synaptic and intrinsic potentiation in O-LM interneurons is induced by theta patterns of
stimulation

Authors: *M. SAMMARI, Y. INGLEBERT, N. ANKRI, M. RUSSIER, S. INCONTRO, D.
DEBANNE;
Aix-Marseille Univ., INSERM UMR1072 UNIS, Marseille, France

Abstract: Oriens lacunosum-moleculare (O-LM) interneurons display a non-conventional form
of long-term synaptic potentiation (LTP) conferred by calcium-permeable AMPA receptors (CP-
AMPAR). So far, this form of LTP has been induced in O-LM cells by physiologically
unrealistic protocols. We report here the induction of both synaptic and intrinsic potentiation in
O-LM interneurons following stimulation of afferent glutamatergic inputs in the theta (0)
frequency range. LTP is induced by synaptic activation of CP-AMPAR whereas long-term
potentiation of intrinsic excitability (LTP-IE) results from the mGluR1-dependent down-
regulation of Kv7 voltage-dependent potassium channel and hyperpolarization activated and
cyclic nucleotide-gated (HCN) channel through the depletion of phosphatidylinositol-4,5-bi-
phosphate (PIP2). LTP and LTP-IE are reversible, demonstrating that both synaptic and intrinsic
changes are bidirectional in O-LM cells. We conclude that physiological stimuli such as 0
patterns induce synaptic and intrinsic potentiation in O-LM interneurons.
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Title: Kv1.3 potassium channels exhibit domain specific protein interactions in activated
microglia.
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Abstract: Alzheimer’s Disease (AD) is characterized by progressive A pathology and
neuroinflammation. Disease-activated microglia in the brain, with potential contributions from
peripheral T cells, promote to neuroinflammation in AD. The Kv1.3 potassium channel is highly
expressed on proinflammatory microglia as well as memory T cells. Prior work showed that



blockade of Kv1.3 reduces AP pathology and decreases the proinflammatory phenotype of
microglia. The molecular mechanisms regulated by Kv1.3 channels in microglia and T cells
remain incompletely understood. A better understanding of Kv1.3-regulated mechanisms and
pathways can be obtained by identifying proteins that interact with N and C terminal cytosolic
domains of Kv1.3 channels. We utilized TurbolD, a biotin ligase that biotinylates proteins within
a 10nm proximity, fused to Kv1.3 and validated Kv1.3-TurbolD fusion constructs in HEK Cells.
We created three constructs, where TurbolD was fused to the N terminus, C terminus, and a
truncated Kv1.3, where the PDZ-binding domain is removed. We transduced these constructs
into BV2 cells, a murine microglial cell line, and Jurkat T-cells, a human T-cell line, to
determine potential immune interactors with Kv1.3. BV-2 and Jurkat T-cell stable cell lines were
created and confirmed via gPCR and electrophysiology. Western Blot and Flow cytometry
confirm TurbolD biotinylates proteins. Mass spectrometry (MS) of biotinylated proteins was
performed to identify proteins within proximity to both domains of Kv1.3. BV2 biotinylated
proteomes identified by MS revealed distinct N terminal and C terminal Kv1.3 interactors. Many
of the Kv1.3 interactors overlapped between the N and C terminus in the presence or absence of
LPS inflammatory stimulation. The N terminus interacts with translation (e.g. Rpl10 and
Eeflal), plasma membrane proteins (e.g. Calrl and Psmal), and mitochondrial tracking proteins
(e.g. TIMM23), while the C terminus interacts with immune response associated proteins (e.g.
Cde8, TIr2, and Csfl). With the removal of the C terminal PDZ-binding domain, we observed
reduced immune response and inflammatory proteins (e.g. Tmem106b, Larp1, and Gbp2)
interacting with Kv1.3. This indicates that immune interactors with Kv1.3 likely depend on the C
terminal PDZ domain while the primary function of the N terminus is protein processing and
transport to the plasma membrane. Overall, this data identifies strong candidates for potential
interactors with Kv1.3 and provides insight on how Kv1.3 may be influencing microglial and
leukocyte immune function in AD.
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Abstract: Potassium channels in auditory neurons are rapidly modified by changes in the
auditory environment. In response to elevated auditory stimulation, short-term mechanisms such
as protein phosphorylation and long-term mechanisms linked to channel synthesis increase the
activity of channels that promote high frequency firing. It has been suggested that this allows
neurons to fire at high rates in response to high sound levels. We have now used simple
simulations of cochlear hair cells and postsynaptic neurons to demonstrate that the amplitudes of
potassium currents in neurons required for optimal encoding of a low-level auditory signal
differs substantially from that for louder sounds. Specifically, the cross correlation of the output
of a neuron with an auditory stimulus is increased by increasing potassium currents as sound
amplitude increases. This correlation is, however, entirely independent of firing rate because
combinations of currents that maximize firing to a stimulus provide very poor temporal fidelity.
The simulations provide an explanation for the modulation of the intrinsic excitability of
auditory brainstem neurons by changes in environmental sound levels. We carried out further
simulations using much slower patterns of simulations that are unrelated to auditory stimuli but
match those expected in other brain regions and sensory modalities. These simulations also
demonstrated the same phenomenon, that temporal information in a weak pattern of synaptic
inputs is most faithfully preserved with low amplitude potassium currents but that potassium
currents must be increased for fidelity at high rates of synaptic stimulation. These findings
suggest that modulation of potassium currents to preserve temporal information as the intensity
of stimulation changes may be a general rule in the nervous system.
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Title: A Kv3.3 channel mutant that fails to trigger actin nucleation impairs intrinsic excitability
and firing patterns in the cerebellum
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Abstract: The Kv3.3 voltage-dependent potassium channel is expressed at high levels in
Purkinje cells of the cerebellum, as well as in several auditory brainstem nuclei. This channel



activates and deactivates rapidly in response to depolarization and plays an important role in
neuronal firing. In addition to its role in intrinsic neuronal excitability, Kv3.3 also binds several
cytoplasmic proteins, including Hax-1 and TBK1, to stimulate actin nucleation at the plasma
membrane. Recent work, using auditory and hippocampal neurons, has shown that the presence
of Kv3.3 adjacent to presynaptic release sites is required for both slow and rapid endocytosis of
synaptic vesicles and for normal recovery from synaptic depression after repetitive firing.
Mutations in gene for Kv3.3 gene lead to Spinocerebellar Ataxia type 13(SCA13), a
neurodegenerative movement disorder. One such mutation, Kv3.3-G592R, produces channels
that have normal conduction properties but fail to nucleate actin filaments. To test the effects of
this mutation on excitability we have begun to carry out patch clamp recordings of Purkinje
neurons in Kv3.3- G592R knock-in mice, and to evaluate global patterns of cerebellar activity
using wide field imaging. Using patch clamp recordings, we found that the amplitude of voltage-
gated K* currents of Purkinje cells in acute cerebellar slices medium in normal extracellular
medium was not significantly different between wild-type and Kv3.3- G592R mice. In the
presence of a low concentration of TEA (1 mM) sufficient to block Kv3 currents, however, we
found that residual K* currents were significantly larger at positive potentials in neurons from
Kv3.3- G592R mice than in those of wild-type neurons. To determine whether global calcium
dynamics are also abnormal in the mutant cerebellar Purkinje neurons, we carried wide field
calcium imaging in both wild type and G592R Kv3.3 knock-in mice cerebellum. AAV9-Syn-
GCaMP6s virus was injected into both wild type and mutant mice at age PO-P1. Three weeks
after injections, cerebella were sliced and calcium activity was measured in Purkinje cells.
Preliminary data showed the following: 1. Spontaneous bursts were more frequent in the control
compared to the knock-in. 2. Average event durations were smaller in the control. 3. dF/F peak
magnitudes were similar in two groups. These results suggest that the Kv3.3- G592R point
mutation undermines the excitability of cerebellar Purkinje neurons, resulting in decreased burst
frequency and disrupted calcium dynamics during individual events, as evidenced by the
prolonged duration of the bursts in Purkinje cells expressing the disease-causing mutation.
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Abstract: Kv3.4 is a voltage-dependent potassium channel that plays an important role in
neuronal growth cone guidance and pathfinding during embryonic development. It remains
highly expressed in subsets of neurons in the adult nervous system, including granule cells of the
cerebellum. In this study, we investigated the mechanism of how Kv3.4 channels regulate neurite
outgrowth. A yeast two- hybrid screen using the Kv3.4 C-terminus as bait found the major
Kv3.4- interacting protein to be protocadherin 9 (PCDH9), a calcium-dependent cell-cell
adhesion molecule that is known to be linked to the WAVE actin-nucleating complex. This was
confirmed by co-immunoprecipitation in both Kv3.4 expressing cell lines and mouse brain
tissue. In contrast, no interaction with PCDH9 was found for the closely related channel subunit
Kv3.3. We found that expression of Kv3.4 protein and current absolutely requires its interaction
with PCDH9. Expression and currents of Kv3.4 were markedly reduced or abolished when the
PCDH9 was knocked down from Kv3.4 expressing cells but recovered on overexpression of
human PCDH9 into the PCDH9 knock-out cells. To determine whether the Kv3.4-PCDH9
interaction alters the actin cytoskeleton of cells, we stained F-actin filament with phalloidin. We
found the length of filopodia containing F-actin was longer in Kv3.4 expressing CHO cells
compared those in untransfected CHO cells or in Kv3.4 cells with PCDH9 knockdown. In
cultured cerebellar granular cells from Kv3.4 knockout mice, both the length and number of
branches of neurites were reduced compared to those in the wild type. The same effect was
observed in cerebellar granule neurons when PCDH9 was knocked down in neurons from wild
type mice. In addition, the pattern of migration of cerebellar granule cells and Purkinje neurons
were delayed in the cerebellum of the Kv3.4 knockout mice. Because PCDH9 contains a WIRS
(Wave Regulatory complex Interacting Sequence), we infected cerebellar granule cells with a
peptide containing the PCDH9-specific WIRS sequence to disrupt the link between PCDH9 and
the WAVE complex. We found that the length and branches of cerebellar granule cells were
reduced in wild type mice to a much greater degree than in Kv3.4 knock out mice. Our results
strongly suggest that the normal function of Kv3.4 channel requires its binding to PCDH9 and
that the effects of this protein complex on neurite outgrowth are mediated by the WAVE
complex.
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Title: Kv4.2 channel regulate synaptic strength via Ca?*- dependent signaling mechanism in
dentate granule cells

Authors: *S. LEE!, W.-K. HO?;
Physiol., Seoul Natl. Univ. Col. of Med., Seoul, Korea, Republic of; 2Physiol., Seoul Natl. Univ.
Col. Med., Seoul, Korea, Republic of

Abstract: A-type voltage-gated K* currents (1a), mediated by Kv4 family channels, are known
to play key roles in regulating neuronal excitability. In mature granule cells (GCs) of the dentate
gyrus, Kv4.1, Kv4.2 and Kv4.3 are known to be expressed and these channels show distinct
subcellular distribution. Previously, we reported that Kv4.1, which is highly expressed in soma
of granule cell, is a key player in regulating firing frequency in mature GCs. Unlike Kv4.1,
Kv4.2 is highly expressed in dendrites of mature GCs as well as in CA1 pyramidal neurons,
suggesting its role in regulating dendritic excitability and synaptic integration. In the present
study, we investigated the contribution of Kv4.2 to regulating synaptic integration in GCs by
blocking Kv4.2 channels using Kv4.2 antibody in pipette solutions. We stimulated lateral
perforant pathways at 10 s interval for 30 minutes, and recorded excitatory postsynaptic
potentials (EPSPs) and excitatory postsynaptic currents (EPSCs) from the same cells. Changes in
EPSP and EPSC amplitudes were monitored while antibodies were diffused into the cells, and
the amplitudes obtained 5 min and 10 min after patch break-in were regarded as control and
Kv4.2 block condition, respectively. Kv4.2 antibody induced potentiation of EPSC amplitude
(142 £ 5.3%) as well as EPSP amplitude (160+ 8.5%). However, Kv4.2 antibody did not affect
NMDAR-mediated EPSC or inhibitory postsynaptic potentials in GCs. These results suggest that
EPSP potentiation by Kv4.2 inhibition is largely mediated by potentiation of AMPA currents and
increased dendritic excitability play a minor role. We demonstrated that the increase in EPSC by
Kv4.2 antibody was abolished by 10 mM BAPTA in intracellular solution and PKC inhibitor
(GF109203X) or calmodulin inhibitor (calmidazolium) preincubation in extracellular solution.
These results suggest that Kv4.2 inhibition induces AMPA receptor recruitment in synaptic sites
in Ca?*- and PKC/CaM-dependent manners. Kv4.3 antibody did not induce significant change in
EPSC nor EPSP amplitude. Collectively, this study demonstrates specialized role of Kv4.2 in
regulating synaptic strength at excitatory synapses in mature granule cells.
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Title: Pka-mediated phosphorylation at s552 blocks pias3-mediated sumoylation at k579 when
kv4.2 is in the ternary complex
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Abstract: Kv4.2 is a voltage-activated K* channel that contributes to the transient outward
current la in the brain and lwf in the heart. In native tissue,Kv4.2 forms a ternary complex with
the K™ Channel Interacting Protein 1-4 (KChIP1-4) and the dipeptidyl peptidase-like protein 6/10
(DPP6/10). These proteins exert influence over channel gating, trafficking and the effects of
post-translational modifications. In hippocampal neurons, PKA-mediated phosphorylation of
Kv4.2 at S552 reduces Ia by inducing clathrin-mediated internalization of the channel. A recent
study on channels comprising only Kv4.2 and KChIP2 suggested that S552 phosphorylation
caused dissociation of Kv4.2-KChIP2 interaction in lipid rafts. It is not clear that the same is true
for the ternary complex. Downstream of this PKA site, is a known SUMO site, K579. When
Kv4.2 is expressed in the ternary complex, enhanced SUMOylation at K579 augments rab11a-
dependent recycling of endocytosed channels back to the plasma membrane, thereby enhancing
surface expression and Ia maximal conductance (Gmax). This effect was not seen when Kv4.2
was expressed alone, and it was not studied in channels comprising only Kv4 and KChIP2
subunits. Phosphorylation can play a permissive role in SUMOylation, and if S552
phosphorylation blocked K579 SUMOylation, then it would increase channel internalization by
reducing the recycling of endocytosed channels. This hypothesis was tested using HEK cells
overexpressing the ternary complex (Kv4.2, KChlP2a, DPP10). SUMOylation was enhanced by
co-expressing the E3 SUMO ligase, PIAS3 (aka KChAP). PIAS3 produced a 58% rablla-
dependent increase in Ia Gmax (139 £ 14.95nS vs 87.72 £ 6.158nS, t-test, p=0.0008). The effect
of PIAS3 was blocked by superfusion of the PKA activator, 8-Bromo-cAMP (95.35 £ 9.731nS
vs 139.0 £ 14.95nS, t-test, p=0.0231). In order to determine if phosphorylation at S552 blocked
the effect of PIAS3, site-directed mutagenesis was used to create phosphodeficient (S552A) and
phosphomimetic (S552E) Kv4.2 mutants. HEK cells expressing mutant ternary complexes were
transiently transfected with PIAS3 and superfused with 8-Bromo-cAMP. The effect of 8-Bromo-
CAMP on the PIAS3 induced increase in 1a Gmax was blocked by S552A (141.3 + 14.69nS) and
was mimicked (93.77 + 5.124nS) and occluded (108.5 £ 6.982nS) by S522E (one way ANOVA,
F(6,56) = 6.190, p=<0.0001). These data are consistent with the hypothesis that S552
phosphorylation blocks K579 SUMOylation when Kv4.2 exists in a ternary complex, and the
effect of S552 phosphorylation varies according to the make-up of the Kv4.2 channel.
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Title: Genetic Mutations of Kca2.3 and Kca3.1 Channels Affect Calcium Sensitivity
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Abstract: Small- and intermediate-conductance Ca?*-activated potassium (Kca2.x and Kca3.1,
also called SK and IK) channels are voltage-independent. They are activated exclusively by
intracellular Ca%*. Heterozygous genetic mutations of Kca2.3 channels have been associated with
Zimmermann-Laband syndrome (ZLS) and idiopathic noncirrhotic portal hypertension (INCPH),
while Kca3.1 channel mutations were reported in hereditary xerocytosis (HX) patients. We
measured the apparent Ca* sensitivity of Kca2.3 and Kca3.1 heterologously expressed in
HEK293 cells, using inside-out patch clamp recordings. Wild-type Kca2.3 channels have a Ca?*
ECso value of ~0.3 uM, while the apparent Ca?* sensitivity of wild-type Kca3.1 channels is
~0.27 uM. ZLS and INCPH-related Kca2.3 S436C and Kca2.3_V450L channels with mutations
in the S4sA/S4sB helices exhibited increased Ca?* sensitivity. The corresponding mutations in
Kca3.1 channels also elevated the apparent Ca?* sensitivity. HX-related Kca3.1_S314P,
Kca3.1_A322V and Kca3.1 _R352H channels with mutations in the HA/HB helices are
hypersensitive to Ca?*, whereas Kca2.3 channels with the corresponding mutations are not. The
different effects of the equivalent mutations in the HA/HB helices on the apparent Ca®*
sensitivity of Kca2.3 and Kca3.1 channels may imply distinct modulation of the two-channel
subtypes by the HA/HB helices. AP14145 reduced the apparent Ca?* sensitivity of the
hypersensitive mutant Kca2.3 channels, suggesting the potential therapeutic usefulness of
negative gating modulators.
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Abstract: Objective The neurological reason behind the loss of dopamine neurons causing
Parkinson’s disease (PD) is an unsolved mystery. Background As PD is identified as a classic
disorder of “brain arrhythmias”, several pharmacological targets are under clinical trial to
rejuvenate neurons for evoking normal firing patterns. With experimental evidence, this in silico
study investigates action potential (AP) oscillation patterns of dopamine neurons towards
cocaine exposure. Methods This single compartmental in silico model comprises the inward
rectifier ion channels, voltage-gated sodium channel, voltage-gated potassium channel, L-type
calcium channel, large-conductance calcium-dependent potassium (BK) channel, small
conductance calcium-dependent potassium (SK) channel, and calcium diffusion mechanisms. All
ion channels are expressed by the conventional Hodgkin-Huxley formalism. Cocaine exposure
(Img/kg to 10mg/kg) profile is reflected as the conductance of SK channel is mimicked by
changing the maximum conductance of SK channel in dopamine neuron. Results After injecting
a current stimulus (Istim) of varying magnitude (0.1-0.6nA) and duration (1-5ms), APs are
reproduced by the whole-cell model. The modulating effects of cocaine exposure on dopamine
neurons’ electrophysiological properties are investigated in two folds. First, we simulated the
current-voltage profile of the SK ion channel with respect to multiple doses of cocaine under the
voltage clamp protocol. It showed the continuous decrease of outward current because of
multiple doses of cocaine from 1mg/kg to 10mg/kg. Then, the altered SK ion channel outward
current is incorporated into the whole-cell model to investigate the AP firing patterns. The
frequency of the firing patterns is elevated for the cocaine dose of 10mg/kg when the cell in
injected by the current stimulus. Conclusions Cocaine works on a membrane receptor pathway
to inhibit the extracellular calcium entry into the cell. As a result, a few SK ion channels are
activated across the membrane and it reduces the whole-cell outward current. The reduced
outward current elevates the cell’s excitability for AP generation. Our in-Silico study interprets a
sub-cellular mechanism linking cocaine-evoked altered ion channel activity to neuronal firing
patterns, shedding light on novel pharmacological targets for PD.
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Abstract: Heterozygous loss-of-function mutations in KCNQZ2, which encodes a voltage-gated
K* channel subunit responsible for neuronal M-current, have been associated with neonatal
developmental and epileptic encephalopathy (KCNQ2-DEE). This complex disorder manifests as
severe early-onset seizures and impaired neurodevelopment. While the effects of KCNQ?2
mutations have been studied extensively in heterologous expression systems, their effects on the
inherent properties of human neurons are poorly understood. Specifically, what remains unclear
is how defects in M-current affect the electrophysiological properties of human neurons during a
critical neurodevelopmental maturation period. Using induced pluripotent stem cells (iPSCs) and
CRISPR/Cas9 gene editing we have established KCNQ2-DEE disease model systems and
recently demonstrated that neurons derived from a patient with KCNQ2-DEE (carrying a R581Q
pathogenic variant) exhibit progressively enhanced burst-suppression-like firing, as neurons
mature on multi-electrode arrays (MEAS), in contrast to isogenic mutation-corrected controls
(PMID 33544076). This maladaptive maturation time course is associated with transcriptional
and functional upregulation of Ca?*-activated K* channels leading to faster action potential (AP)
repolarization and larger post-burst after-hyperpolarizations (AHP) over several weeks in
culture.

Here, we examined the broader relevance of our findings by establishing five additional
KCNQ?2-DEE patient-specific and isogenic mutation-corrected control iPSC-derived excitatory
neuron pairs (KCNQ2 pathogenic variants: R207W, H228R, T274M, F305del and P335L), and
investigating whether maladaptive homeostatic responses are characteristic of KCNQ2-DEE.
Although the patient mutations lead to different levels of channel loss-of-function, we find that
all five additional patient-specific iPSC-derived neuronal lines exhibit enhanced bursting
propensity when compared to their isogenic controls on MEAs. Gene expression studies revealed
several upregulated Ca®*-activated K* channel genes across patient lines. Furthermore, we find
that this aberrant bursting phenotype is specific to chronic M-current blockade rather than
hyperactivity through inhibition of other voltage-gated K* channels. We hypothesize that
upregulation of K* channels associated with this bursting phenotype is a specific response to M-
channel dysfunction. Because KCNQ2-DEE presents in the first days of life, targeting the
underlying cause (i.e. KCNQ2) may be challenging thus, identifying novel downstream targets
may enable alternative therapeutic strategies.
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Title: Keng2 gain-of-function variants: are they acting as gain-of-function in neurons?
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Abstract: A major breakthrough over the last few years has been the identification of de

novo pathogenic variants that underlie neurodevelopmental disorders. For example, both loss-of-
function (LOF) and gain-of-function (GOF) variants in KCNQ potassium channel family
members lead to developmental and epileptic encephalopathy. This is particularly striking for
KCNQ2, in which GOF variants represent more severe forms of KCNQ2 encephalopathy than
LOF variants and increase the likelihood of death later in life. Work in heterologous cells has
shown that KCNQ2 GOF variants often neutralize the 2" voltage-sensor arginine of KCNQ2
(KCNQ2R?%) Jeading to greater potassium channel activity at resting membrane potentials and
membrane hyperpolarization. Currently, it is unknown whether KCNQ2 GOF variants dampen
or increase the firing activity of neurons, raising the question on whether they act as GOF or
LOF in regards to neuronal activity. Using conditional Kcng2R?%1¢ knockin mice, we found that
selective expression ofKeng2R?°1C in forebrain excitatory neurons led to a decrease in excitability
and spike frequency adaptation in hippocampal CA1 pyramidal cells, consistent with expression
of KCNQ2 GOF variant in these neurons. This decrease in excitability was observed independent
of the radial location of CA1 pyramidal cells (deep vs superficial) and stimulation protocol (step,
ramp, cosine). In contrast, recordings from Layer 2/3 pyramidal neurons of the somatosensory
cortex displayed an increase in their firing activity, akin to what we previously observed

in Keng2 null neurons. Thus, our findings suggest that whether potassium channel variants act as
LOF or GOF in neurons would vary depending on cell type and brain subregion.
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Neurons suppresses respiratory activity.
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Abstract: KCNQ channels are key determinants of neuronal activity, and gain-of-function
mutations in KCNQ2 are associated with developmental and epileptic encephalopathy. In
particular, patients that express the recurrent KCNQ?2 gain-of-function mutation R201C exhibit a
severe hypoventilation phenotype. This got our attention because KCNQ channels regulate
activity of neurons in the retrotrapezoid nucleus (RTN) that control breathing in response to
changes in CO2/H+ (i.e., function as respiratory chemoreceptors). Therefore, we hypothesize
that KCNQ2 channels regulate activity of RTN chemoreceptors and respiratory behavior. To test
this, we first characterized Kcnq transcript expression by chemosensitive RTN neurons identified
based on location in the ventral parafacial region and expression of Phox2b. We found that
chemosensitive RTN neurons preferentially express Kcng2 but minimally express other Kcng
subtypes. Next, we conditionally expressed Kcng2 R201C in chemosensitive RTN neurons
(Phox2b®™®*::Kcng2R201C) and characterized respiratory function at the cellular and whole
animal levels. At the whole animal level, Phox2b®®*::Kcng2R?°1¢* mice hypoventilate under
room air conditions (23% decrease in minute ventilation) and show a blunted ventilatory
response to graded increases in CO2 compared to control (32% decrease in minute ventilation).
Consistent with this, we found at the cellular level that chemosensitive RTN neurons in slices
from Phox2b®™®*::Kcng2R?0L* mice are less excitable under control conditions (37% decrease in
baseline activity) and show a 44% decrease in CO2/H+-responsiveness. Further, bath application
of a selective Kcng2 blocker (ML252; 10 uM) increased activity of RTN neurons in control and
Phox2b®""*::Kcng2R?%1C"* tissue and negated differences between genotypes. We also found that
conditional Kcng2 knockout mice (Phox2b®®*::Kcng2™™) hyperventilate under room air
conditions (24% increase in minute ventilation) but show a hypercapnic ventilatory response
similar to control mice. These results suggest Kcng2 channels regulate activity of RTN neurons
and respiratory behavior.
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Abstract: Epilepsy of infancy with migrating focal seizures (EIMFS) is an epileptic
encephalopathy associated with highly intractable seizures and devastating neurodevelopmental
disability. EIMFS has been associated with heterozygous gain-of-function variants in the Na-
activated K channel Slack (KNal.1), which is encoded by KCNTL1. Previously available
Slack/KNal.1 antagonists have been limited in clinical use by poor specificity and a small
therapeutic window. A specific KNal.1 antagonist PRX2904 was recently discovered and shown
to suppress spikes and seizures in a homozygous mouse model of KCNTL1 epilepsy (Griffin et
al., ACS Med Chem Lett. 2021). Human KCNT1 epilepsy is a heterozygous condition, however,
so we evaluated the effects of this compound on an epileptic mouse model carrying the mutation
Kcnt1*R45H These mice have spontaneous seizures, interictal epileptiform discharges, and
decreased thresholds for induced seizures. Kent1*/R4%" mice were tested with pentylenetetrazole
(PTZ) 50 mg/kg IP administered 1 or 2 hours after administration of either PRX2904 75 mg/kg
SC or vehicle control. Seizures induced by PTZ were scored using a modified Racine scale, and
the latency to convulsive seizures was compared between drug and vehicle groups (log rank
test). Next, Kent1*/R4°H mice were implanted with screw electrodes for continuous monitoring.
After 72 hours of baseline EEG, PRX2904 75 mg/kg was administered, followed by an
additional 72 hours of recording. Epileptiform discharges were manually identified, and rates
compared between the baseline period and the 24 hours after drug delivery (Wilcoxon matched
rank pairs test). Following 1 hour of pretreatment, 1/16 animals delivered PRX2904 had PTZ-
induced convulsive seizures, as compared with 6/15 animals given the vehicle control (p=0.037,
Fisher’s exact test); and after 2 hours of pretreatment 1/20 animals delivered PRX2904 had
convulsive seizures as compared with 13/20 animals given vehicle control (p=0.0001). Latency
to seizures was also prolonged by the drug (p=0.025 for 1 hour pre-treatment, p=0.0001 for 2-
hour pretreatment). Baseline epileptiform spike rates on EEG were variable between animals, but
there was a marked per-animal reduction in the 24 hours following PRX2904 administration
(p=0.005, N=12). These results suggest that KNal.1 antagonists may be an effective treatment
for KCNT1 epilepsy.
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Title: Positive cooperativity in gain-of-function Slack (KCNT1) mutations is mediated by the
cytoplasmic C-terminus
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Abstract: Gain-of-function mutations in the Slack (KCNT1, KNal.1) sodium-activated
potassium channel are associated with early-onset epilepsy and severe intellectual disability.
Electrophysiological recordings in cRNA-injected oocytes have shown increases in evoked
current ranging from two-fold to over 20-fold for different mutations. One of the highest gain-of-
function mutations, and one most highly represented in the patient population is KCNT1 R474H.
While many mutations alter sensitivity to internal Na concentrations or voltage-dependence,
recordings of single channels in isolated patches do not typically show the same degree
potentiation as whole oocyte macroscopic currents. Previous work comparing open probability in
patches containing one or two channels with that in clusters of four or more channels suggested
positive cooperativity between individual channels, which was greatly increased by gain-of-
function mutations. We have now more robustly demonstrated that positive cooperativity
provides a good fit to multi-channel Slack recordings. Markov models simulating single-channel
recordings show that cooperativity is sufficient to explain observed recordings, whereas
alternative mechanisms, such as the existence of unobserved channels or cluster-dependent
phosphorylation, cannot explain observed recordings. Because channel-channel interactions are
likely mediated by the large cytoplasmic C-terminal domains of Slack, we generated and tested
two expression constructs related to this region. One construct, Slack-CT, contained this C-
terminal domain alone. Such isolated cytoplasmic domains would be expected to compete with
intact channels for interacting sites on neighboring channels, reducing the likelihood of
cooperative interaction. Co-expression of Slack-CT with the full-length Slack-R474H gain-of-
function mutant channel produced a greater than 60% reduction in potassium current. In contrast,
co-expression of Slack-CT with wild-type Slack did not produce a significant reduction of total
current. The second construct we evaluated was a truncation mutation A804 Slack in which the
distal C-terminal region was deleted. Currents from a patch containing multiple truncated
channels could be explained by a linear combination of single channel activity from patches with
a small number of channels, indicating that cooperativity was lost by deletion of the C-terminus.
Experiments are underway to test the specificity of the C-terminal domain. The findings further
confirm the hypothesis that Slack channels gate cooperatively and that human disease-causing
mutations are associated with a higher degree of cooperativity.
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Abstract: The Slack channel is a large conductance sodium-activated potassium channel
expressed in neurons of the cerebral cortex, as well as in numerous other brain regions. Human
gain-of-function Slack mutations are associated with early-onset epilepsy and severe intellectual
disability. The cytoplasmic C-terminal of Slack channels has been shown to interact with two
regulators of mMRNA translation, Fragile X Mental Retardation Protein (FMRP) and Cytoplasmic
FMRP-Interacting Protein 1 (CYFIP1) and can be co-immunoprecipitated with several neuronal
mRNAs. Thus, improper regulation of mMRNA translation may be a possible contributor to the
intellectual disability associated with the human mutations. To investigate this possibility, we
have measured rates of mMRNA translation in cell lines expressing either wild type Slack or the
disease-causing mutation Slack-R455H, as well as in neurons from wild type mice and those
with the Slack-R455H mutation. We first transfected HEK cells or cortical neurons in primary
culture with a fluorescent Dendra-2 reporter construct in which the coding region was flanked by
the 5> and 3° UTR of B-actin. Using FRAP to visualize protein in real-time synthesis and
immunoblots to measure total and translating protein levels, we found that activation of wild
type Slack channels triggers increased synthesis of the reporter protein in both HEK cells and
neurons. In cells expressing the Slack-R455H mutant, however, both total protein and translation
levels of the reporter construct were markedly increased over those in cells with the wild-type
channel, even in the absence of channel stimulation. This gain-of-function in translation was
found to require the B-actin UTRs. To determine whether the effect of the mutation extends to
translation of native -actin, we carried out a proximity ligation assay with -actin and
puromycin to detect sites of B-actin translation in cortical neurons in culture. The number of
positive puncta was very markedly enhanced by the Slack-R455H mutation in the dendrites but
not the somata of the neurons. Experiments are currently in progress to test the effect of
pharmacological inhibitors of Slack to determine whether ion flux is required for the observed
gain-of-function in translation. The findings suggest that disease-causing mutations in Slack
disrupt normal activity-dependent translation in neurons and that this underlies the resultant
intellectual disability.



Disclosures: T.J. Malone: None. Y. Zhang: None. J. Wu: None. R. Chen: None. P.
Licznerski: None. M. Pedram: None. S. Nahiyan: None. E.A. Jonas: None. L.K.
Kaczmarek: None.

Poster

270. Potassium Channels

Location: SDCC Halls B-H

Time: Monday, November 14, 2022, 8:00 AM - 12:00 PM
Program #/Poster #: 270.22

Topic: B.03. lon Channels

Support: NS102239

Title: Paradoxical effects of KCNT1 channel gain-of-function on neuronal excitability in a
mouse model of childhood epilepsy

Authors: *J. WU, Y. ZHANG, |. H. QURAISHI, M. BROMWICH, M. PEDRAM, L. K.
KACZMAREK;
Yale Univ. Sch. Med., Yale Univ. Sch. Med., New Haven, CT

Abstract: Autosomal dominant pathogenic variants in the gene encoding the Na*-activated K*
channel KCNT1 (Slack, Knal.1) have emerged as an important cause of epilepsy and intellectual
disability (ID). These variants have been shown to increase peak potassium current magnitude
and produce gain-of-function (GOF). However, the molecular mechanisms of KCNT1 channel
GOF in network hyperexcitability and seizures, leading to epilepsy and ID have yet to be
determined. In a genetic mouse model of epilepsy expressing the Kcntl-R455H GOF mutation,
voltage-clamp studies revealed that Na*-activated K* currents (Kna) were increased in both
excitatory glutamatergic and inhibitory GABAergic neurons of the cerebral cortex. Current-
clamp studies revealed that the excitability and action potential (AP) generation of excitatory
neurons were enhanced by the Kcnt1-R455H mutation with decreased AP half width and
increased afterhyperpolarizations. Paradoxically, the excitability of inhibitory interneurons in the
same mutant animals is suppressed, with increased rheobase and reduced input resistance. These
results suggest that the Kent1-R455H GOF variant leads to network hyperexcitability and
produces early-onset seizures by enhancing excitation in excitatory neurons and suppressing
excitability in inhibitory interneurons. Two potential molecular mechanisms are being tested to
explain why the increased Kna current has opposite effects on the excitability of excitatory and
inhibitory neurons. The first potential explanation is that different Kcntl isoforms may expressed
in these neurons. Previous work has shown that alternative splicing of Kcntl RNA results in
either a rapidly-activating Slack-A channel or a slowly-activating Slack-B channel. Our ongoing
in situ hybridization and co-immunolocalization experiments aim to test if excitatory neurons
have the A-splice isoform channels while inhibitory neurons express the B-isoform channels.
The other potential explanation is that proximity of Kna channels to sodium channels (Nav
channels) differs in the two types of cells. Our ongoing co-immunolocalization and proximity
ligation assay experiments aim to test if the sodium channels are tightly coupled to Kna channels



in the excitatory neurons, resulting in rapid repolarization of action potentials and increased
firing rates. Conversely, Nav channels may be decoupled from the Kna channels in the inhibitory
neurons, leading to slow afterhyperpolarizations during repetitive firing. Our study may lead to
novel methods and targets of treating epilepsy and neurodevelopmental disorders in patients with
KCNT1 GOF mutations.
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Abstract: TMEML175 is a K* channel involved in the regulation of lysosomal pH necessary for
effective autophagic clearance. It is believed that TMEM175 provides counter ions to achieve the
acidic pH that is necessary for the optimal activity of lysosomal enzymes such as cathepsin D.
Variants of TMEM175 with loss-of-function are associated with an increased incidence of
Parkinson’s disease and Lewy Body dementia, with earlier age of onset, while gain-of-function
variants reduce the risk. Activators of TMEM175 are therefore potential therapeutic agents for
the treatment of Parkinson’s disease and are the subject of intense interest as they may encourage
the breakdown of protein aggregates formed by a-synuclein. We describe the creation and
characterization of TMEM175 expressing cell lines and the development of a 384 well FLIPR
Thallium flux assay and a 384 well plate-based automated patch-clamp assay useful in high-
throughput screening for compounds that activate TMEM175. HEK?293 cells overexpressing WT
TMEML175 and cells overexpressing the M393T and Q65P variants are compared with respect to
their electrophysiology and pharmacology using tool activators and blockers. For fluorescence
measurements using TI* flux on the FLIPR, 20,000 cells/well were incubated with Molecular
Devices Potassium Assay Kit Dye for 60 mins, compounds incubated at room temperature for 30
mins and read for 5 mins after addition of 2 mM TI*. The slope of the fluorescence signal was
analysed. 30 uM of the Akt/PKB activator SC-79 produced a robust increase in the slope of the
curve with an estimated ECsg of 4.3 uM. 100 uM 4-AP in the presence of SC-79 reduced the rate
of TI* flux compared to wells treated with SC-79 alone. Electrophysiology utilized single hole
chips on the Sophion Qube and achieved greater than 80% success rates having >1 GQ seals.
Using a CsHEPES-based intracellular solution and 4 mM extracellular K*, 1 s voltage ramps



from -100 to +100 mV (Vn=-80 mV) elicited outward currents reversing around -64 mV. Current
amplitude measured at +100 mV increased from 280£29 pA (n=30) in the presence of DMSO
vehicle control to 1,814+221 pA (n=30) after application of 30 UM SC-79. The ECs, for SC-79
was estimated to be 8.85 pM. Currents were robustly inhibited by 100 uM 4-AP (ICsg 43.65
H1M). We have developed cell lines capable of generating robust plate-based fluorescence and
automated electrophysiology-based readouts. The utilizing of high-throughput screening assays
for modulators of TMEM175 will enable the discovery of novel pharmacological tools and
potential therapeutics for the treatment of neurological disorders.
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Title: Locus coeruleus neurons firing pattern is regulated by ERG voltage-gated K+ channels
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Abstract: Locus coeruleus (LC) neurons with their extensive innervations throughout the brain
control a broad range of physiological processes. Several ion channels have been characterized in
LC neurons that control intrinsic membrane properties and excitability. However, ERG (ether-a-
gogo—related gene) K + channels that are particularly important in setting neuronal firing
rhythms and automaticity have not yet been discovered in the LC. Moreover, the
neurophysiological and pathophysiological roles of ERG channels in the brain remain unclear
despite their expression in several structures. By performing immunohistochemical
investigations using brainstem tissue dissected from young (P10) and adult (P60) mice
(C57BL/6J), we found that ERG-1A, ERG-1B, ERG-2, and ERG-3 are highly expressed in the
LC neurons. To examine the functional role of ERG channels current-clamp recordings were
performed on LC neurons in brain slices dissected from adult C57BL/6J male mice (P40£10)



under visual control. Approximately 70% of the recorded LC neurons were responsive to ERG
channel block by WAY-123,398 a class Il anti-arrhythmic agent. ERG channel blockade
increased spontaneous firing activity and discharge irregularity of LC neurons. In this study, and
for the first time we prove the presence of distinct ERG channel subunits in the LC where they
play an imperative role in modulating neuronal discharge patterns. We thus propose ERG
channels as important players behind the changes in, and/or maintenance of LC firing patterns
that are implicated in the generation of different behaviors as well as in different diseases.
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Abstract: Vestibular hair cells (HCs) convert head motions into receptor potentials that drive
synaptic transmission, enabling rapid gaze- and posture-stabilizing reflexes, spatial navigation,
and gravity sensing. Type I and Il HCs (HC-1 and HC-II) are contacted by calyceal and bouton
terminals, respectively, and express different voltage-gated K+ conductances with specialized
biophysical properties that differently tune receptor potentials and synaptic transmission: in HC-
Is, a large, low-voltage-activated K+ conductance (gk,L) is open at resting potential; in HC-Ils, an
A-type conductance (ga) is rapidly activated then inactivated by depolarizing receptor potentials.
These biophysical differences are thought to affect the tuning and even the nature of transmission
onto calyceal and bouton terminals.

We studied the Kv conductances in HC-Is and HC-1Is from utricles of mice wildtype,
heterozygous, and null for the pore-forming subunit, Kv1.8 (Lee et al. 2013, Hearing Research
300:1-9). gk, and ga were both absent in Ky1.8-null mice. Because the residual Kv conductance
was similar in HC-1s and HC-1Is (a smaller delayed rectifier in the Ky7 family), their different
receptor potential tuning reflects the different kinetics of their K\V1.8-containing channels, gk..
and ga. By comparing receptor potential properties in Ky1.8-control and -null HCs, we show



here the impact of Ky1.8 expression.

In HC-Is, the presence of Ky1.8 reduced input resistance ~20-fold and raised the lowpass corner
frequency (fc) of receptor potentials re: transduction currents >12-fold (from ~25 Hz to >300
Hz), well above the physiological range of head motions (~0-20 Hz, Carriot et al. 2017, J Physio
595:2751-2766). This may be important for the speed of transmission with the calyceal afferent
terminal on HC-Is.

In HC-Ils, the presence of Kv1.8 also reduced input resistance and raised lowpass fc, although by
less: from ~2300 MQ (Kv1.8-null) to ~1700 MQ (control) and from ~17 Hz (null) to ~70 Hz
(control). Some Kv1.8-null HC-I1s were electrically resonant such that current injection evoked
voltage oscillations. By reducing electrical tuning, ga improves representation of the stimulus
time course by the receptor potential.

We propose that Kv1.8 is a pore-forming subunit of gk,. in HC-Is and ga in HC-Ils, with marked
differences in voltage dependence and inactivation arising from cell type-specific factors, such as
other Kv1 subunits, accessory proteins, or second messengers. We are interested in what factors
act in each hair cell type to produce such different effects on the gain, tuning, and timing of their
receptor potentials.

We thank S. Jones and T. Friedman for sharing Kv1.8 mutant mice.
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Abstract: The layer 4 to layer 2/3 synapse in the rodent whisker somatosensory cortex is a
glutamatergic synapse notable for its initial high probability of release (Pr; ~0.8). Most high P;
synapses exhibit short-term synaptic depression, presumably due to the depletion of vesicles
following initial release. While L4-L2/3 synaptic responses depress for most interstimulus
intervals (ISIs) up to 5 s, as measured by the paired pulse ratio (EPSC2/EPSC;,), two observations
seem to contradict the depletion model: first, depression is absent at ISIs of 10-20 ms; and
second, depression is not maximal at the shortest ISIs, but rather ‘peaks’ at ~200 ms. If a
transient lack of release-ready vesicles is responsible for short-term synaptic depression, it
follows that depression should be greatest at shorter intervals and recover monotonically. What,
then, can account for the fact that responses first facilitate, then depress, then recover? To



understand the mechanism(s) underlying the biphasic time course of short-term plasticity at this
synapse, we used whole-cell electrophysiology and two-photon calcium imaging in acute slices
from juvenile mice of either sex. We tested several candidate mechanisms including
neuromodulation, postsynaptic receptor desensitization, use-dependent changes in presynaptic
AP-evoked calcium, and heterogeneity of release among stimulated synapses. We found that, at
single synapses, Pr varies as a function of ISI, giving rise to the short-term plasticity time course.
Furthermore, the higher-than-expected P at short I1SIs depends on expression of synaptotagmin
7. Our results show that the pattern of short-term plasticity at this synapse arises from high initial
P: coupled with two distinct processes: 1) a rapid decrease in P, following vesicle release that
recovers slowly (t =~2 s); and 2) a transient, synaptotagmin 7-dependent increase in Py
following an AP (t =~100 ms). We thus reveal a mechanism by which synapses can maintain a
very high probability of neurotransmission for multiple action potentials within a short time
frame.
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Abstract: Neuroendocrine and autonomic responses to stress are critical for survival. Stress also
imprints the brain. This may promote adaptations to future stressors but may also contribute to
maladaptive responses involved in the emergence of neuropsychiatric diseases. Multiple
plasticity mechanisms have been described, but little is known about how these processes might
be reversed. Intriguingly, people use various strategies to buffer stress. Two popular approaches
include exercise or consumption of highly palatable food, and here we tested the effects of these
distinct stress buffering strategies on synaptic metaplasticity induced by acute stress in
corticotropin release hormone cells in the paraventricular nucleus of the hypothalamus
(CRHPYN), We examined the effects of exercise or consumption of palatable food on short-term
potentiation (STP) of glutamate synapses on CRHYN neurons. We obtained whole-cell patch
clamp recordings from mouse CRHPYN neurons in hypothalamic slices and evaluated the effects



of running for 1h or consuming highly palatable food after acute stress on STP. Following
footshock, high frequency stimulation of glutamate synapses on CRHPVN elicited STP (142 +
10% of baseline EPSC, n=17, P<.0001). By contrast, STP was blunted if footshock was
immediately followed by exercise (101 £ 7.0% of baseline EPSC, n=12, P=.81) or consumption
of highly palatable food (101 + 6.6% of baseline EPSC, n=11, P=.50). To further investigate
how exercise and highly palatable food affect CRH"YNin vivo, we expressed a genetically
encoded Ca reporter (GCaMP6f) in CRHPYN neurons and used fibre photometry to record
population activity in vivo. Unstressed mice were subjected to exercise or allowed to consume
highly palatable food. The latter caused a reduction in CRHPVN activity while exercise had the
opposite effect. Since these conditions induced opposite effects on CRHPVN activity, we
investigated the effects of exercise and highly palatable food on downstream neuroendocrine
signaling by evaluating circulating corticosterone (CORT) - the main stress hormone in rodents.
In all groups, CORT levels increased 15 min after stress (1963 + 160 ng/ml; N=27, P<.0001);
exercise resulted in a further increase in CORT (2977.45 + 168 ng/mL, n=9, P<.0001) but highly
palatable food had no effect in CORT (1892.24 + 320 ng/mL, n=8, P=.76). Our findings
demonstrate that although exercise and highly palatable food have opposing effects of CRHPYN
activity, they have similar effects on reducing STP after stress.

Disclosures: M. Rojas-Carvajal: None. T. Flizesi: None. D.V. Baimoukhametova: None. N.
Daviu: None. J.S. Bains: None.

Poster

271. Short-Term Synaptic Plasticity

Location: SDCC Halls B-H

Time: Monday, November 14, 2022, 8:00 AM - 12:00 PM
Program #/Poster #: 271.03

Topic: B.05. Synaptic Plasticity

Title: Hippocampal GABAergic impairments revealed by baclofen in the SOD1%A rat model of
amyotrophic lateral sclerosis (ALS)

Authors: S. R. ANDREASEN?, K. H. ANDERSEN?, M. S. JENSEN?, *M. M. HOLM?;
!Dept. of Biomedicine, Aarhus Univ., Aarhus C, Denmark; ?Dept. of Clin. Med. - Nuclear Med.
and PET, Aarhus Univ., Aarhus, Denmark

Abstract: Excitatory-inhibitory imbalances are known to contribute to disease manifestations in
ALS. Our lab has previously demonstrated excitatory-inhibitory imbalances in the wobbler
mouse model of ALS (Andreasen et al., Neuroscience Letters, 2017). Here we employed another
established ALS model, the SOD1%%A rat, which overexpresses human superoxide dismutase 1
(SOD1) harboring a glycine to alanine substitution (SOD1%%4). To evaluate alterations in the
inhibitory system, we employed the GABAGg receptor agonist baclofen, a well-known tool to
study GABAergic mechanisms.

We prepared acute coronal brain sections from deeply anaesthetized female wild-type and female
SOD1%%% overexpressing rats. We delivered paired-pulse stimulations of Schaffer collaterals



while recording field excitatory postsynaptic potentials (fFEPSPs) in the CA1 synapses. Paired-
pulse ratios were calculated by normalizing the slope of the second fEPSP to the slope of the first
fEPSP. Recordings were performed in standard artificial cerebrospinal fluid (ACSF) and in the
presence of 10 uM baclofen. Baclofen is known to activate presynaptic GABABg receptors,
inhibiting vesicle release and resulting in increased paired-pulse ratios upon paired stimulations.
Testing standard 50 ms interstimulus intervals in wild-type slices; the paired-pulse ratio
increased significantly from 1.36 + 0.044 (n = 18) in ACSF to 1.60 £ 0.059 (n = 9) in the
presence of 10 uM baclofen at (P < 0.005). Interestingly, when testing 50 ms intervals in
SOD15%%A slices we instead observed similar ratios at 1.43 + 0.047 (n = 18) in ACSF and 1.52 +
0.11 (n = 8) in the presence of 10 uM baclofen (P > 0.05). Testing very short intervals (20 ms)
revealed baclofen effects in both genotypes.

To evaluate possible changes when challenging the synapses at longer interstimulus intervals, we
also tested 500 ms intervals. In wild-type slices, the ratio significantly increased from 0.94 +
0.023 (n = 18) in ACSF to 1.03 £ 0.022 (n = 9) in the presence of 10 uM baclofen (P < 0.05).
Confirming our findings at the 50 ms intervals; in SOD1%%A slices we observed that the paired-
pulse ratio was 0.93 £ 0.027 (n = 18) in ACSF and 0.93 + 0.061 (n = 8) in the presence of 10 uM
baclofen (P > 0.05).

We conclude that hippocampal networks in SOD1%A rats are less responsive to the GABAg
receptor agonist baclofen as compared to wild-types, thereby documenting GABAergic
impairments. These studies add further details to disease mechanisms underlying ALS and may
ultimately contribute to better treatment strategies for this disorder.
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Title: Plasticity of feedforward thalamocortical circuits during sensory learning

Authors: *J. A. CHRISTIAN, E. PARK, A. L. BARTH;
Biol. Sci., Carnegie Mellon Univ., Pittsburgh, PA

Abstract: Sensory learning can drive changes in synaptic function within the neocortex, but the
input- and target-specificity of this plasticity is not well-understood. Because neocortical circuits
are composed of a molecularly and anatomically diverse set of neurons, it will be critical to
evaluate changes at discrete nodes of the network to further understand how this plasticity is both
initiated and can alter principles for information processing. Prior studies from our lab and other
have shown that in tactile and auditory neocortex, higher-order thalamic inputs are potentiated in
the early stages of training in sensory association task (Audette et al 2019, Williams and Holtmat



2019, Pardi et al 2020). Here we investigated whether fast, feedforward inputs from the first-
order thalamocortical and intracortical pathways were altered during learning. Channelrhodopsin
was expressed in ventro-posterior medial (VPM) thalamus and animals were trained to associate
a whisker-stimulus with a water reward. Recordings in acute brain slices showed that photo-
stimulation evoked quantal excitatory postsynaptic currents from VPM thalamus onto layer 4
(L4) excitatory neurons in the barrel cortex were not rapidly potentiated at the onset of training.
Channelrhodopsin expression in L4 excitatory neurons also enabled pathway-specific analysis of
an intracortical feedforward pathway across the early training period. Our experiments will test
the hypothesis that fast, feedforward sensory pathways in sensory cortex are less plastic than
higher-order feedback pathways.
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Title: Simultaneous but not delayed repetitive paired cortical and neuromuscular electrical
stimulations effectively facilitate corticospinal excitability
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Abstract: Previously our group tested the combination of cortical repetitive transcranial
magnetic stimulation (rTMS) and neuromuscular electrical stimulation (NMES) sequentially. It
showed that facilitatory rTMS priming can make the subsequent NMES more responsive on
central nervous system excitability. However, the precise timing of activation of pairing rTMS
and NMES for neuromodulation needs further investigation. The purpose of this study was to
examine corticospinal excitability changes after short-duration simultaneous or delayed paired
stimulation applied using cortical rTMS and peripheral activation using NMES (n = 11). In this
protocol, intermittent theta burst stimulation (iTBS) was applied to on the hot spot of upper-limb
extensor capri radialis (ECR) muscle for totally 600 pulses as an established cortical facilitation



rTMS protocol, while NMES was applied to activate the ECR muscle at 50 Hz frequency.
Especially, both cortical stimulation (iTBS) and peripheral muscular stimulation (NMES) were
delivered with the rhythm by 2 s with stimuli and 8 s without stimuli for totally 192 s. Two
interventions were compared on effects of timing (simultaneous or delayed): (1) iTBS with
simultaneous NMES; (2) iTBS with 5 s delayed NMES. Single-pulse motor evoked potential
(MEP) responses elicited by transcranial magnetic stimulation of the primary motor cortex and
maximum motor (Mmax) responses elicited by radial nerve stimulation were compared before
and after each intervention on ECR muscle. Our results showed that corticospinal excitability
(MEP/Mmax) was only facilitated after simultaneous but not delayed intervention (p<0.05). This
result demonstrates that simultaneous repetitive paired stimulation could effectively evoke rapid
corticospinal excitability change within short-time application, especially depend on the timing
of activation on both cortical and sensorimotor networks. These results may have implications
for rehabilitation or treatment of motor function after neurological injuries.
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Abstract: Hippocampal CA3-CAL circuit represents multiple modalities including time, space,
and orientation. But for CA1 cells to represent information, they must overcome the precise and
tight balance between excitation and inhibition (Bhatia et al 2019), cross the threshold and fire.
We study how the E-I balance in CA1 pyramidal neurons evolves with changing firing rates in
CAZ3 layer cells, and what conditions result escape from this balance and firing. We performed in
vitro whole cell patch clamp recordings from CA1 cells in acute mouse hippocampal sections
(male and female, 2-3 months of age). We simultaneously stimulated Channelrhodopsin (ChR2)
expressing CA3 pyramidal cells with 13um x 8um spots of light using a digital projector
(Mightex Polygon 400). We created 5-spot and 15-spot patterns from a set of 45 spots. These
patterns were used to stimulate CA3 cells at multiple frequencies (8 pulses at 20, 30, 40, 50, and



100Hz). Current clamp recordings were made to record suprathreshold responses and voltage
clamp recordings were made to record E and I synaptic conductances resulting from these
stimuli. Responses to single spots that form the patterns were also recorded to determine the
expected subthreshold responses. Gabazine was used for no-inhibition control. We measured the
responses of CAL cells to these stimuli in CA3 to find which conditions induce spiking and
corresponding E-I dynamics. We find that spiking in CA1 is modulated by tight E-1 balance,
degree of convergence of inputs at interneurons and CA1 pyramidal cells, and short-term
plasticity at E and | synapses. We found that ratios of response of first pulse to a) the second
pulse (PPR) and b) the average of last three pulses (STPR) do not significantly change across
activation of different subsets of CA3 networks at all the measured frequencies. This may imply
that higher frequency bursts in input layer or prior weight tuning might be needed for CA1 cells
to overcome E-I balance. Moreover, the E-I currents measured in voltage clamp under short-term
plasticity also continue to remain balanced. This may mean that external inputs or
neuromodulatory influences like acetylcholine could play a role in spiking of CA1 neurons.
Based on the E-I post-synaptic currents data we have developed a stochastic chemical Kinetics
model of synaptic release and short-term plasticity to better understand the interplay of E-I
synaptic dynamics. We propose that these short-term E-1 dynamics resulting in activity gating
may be relevant to understanding the formation and representation of place and time cell
sequences and have implications for understanding diseases that arise from E-1 imbalance.
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Abstract: We recently reported that 1 uM etomidate suppresses LTP of the Schaffer Collateral
pathway through modulation of B2-GABAARs (Figueroa et al., J Neurophysiol, 2021). In that
study we used a theta-burst stimulus (TBS) protocol consisting of 10 bursts of 4 pulses each
(TBS40) to induce LTP. Here, we sought to develop a protocol that would elicit LTP with fewer
stimuli, and to test whether LTP elicited by fewer stimuli could be blocked by a lower
concentration of etomidate, closer to the concentration that impairs memory in-vivo.

Coronal hippocampal brain slices (400 um) prepared from 2—4-month-old C57BL/6J mice were
perfused in a high flow chamber (Scientific Systems Design) at 16 mL/min with aCSF (32°C).
0.5 uM ETOM was added during the one-hour room temperature recovering period and



circulated throughout the experiment. Extracellularly recorded field EPSPs (fEPSPs) were
measured every 20 sec in stratum radiatum in response to SC stimulation at the CA1/CA2
border. The stimulus intensity at which the fEPSP slope was half maximum was used throughout
the 30-min pre-TBS baseline and 60-min post-TBS recordings. A TBS train consisting of three
bursts of four pulses each, with an interstimulus interval of 10 ms and an interburst interval of
200 ms (TBS12) was used to induce LTP. Statistical comparisons were made using linear mixed
effects modeling implemented in the ImerTest package in R Studio, based on the model
EPSPslope ~ Drug + (1|SlicelD) + (1|Time:SlicelD).

Under saline control conditions, fEPSP slope between 50-60 minutes following TBS12 was
increased to 132.4+3.9% of pre-TBS baseline (t(14.2)=33.8, p<0.0001). In the presence of 0.5%
ETOM, the increase in fEPSP slope was modestly but significantly reduced by -2.6+0.7%
compared to saline (t(471)=-3.3, p=0.008). Transient short term potentiation (STP, 0-2 minutes
following TBS12) was also seen in slices perfused by saline, with an increase of 226+15% over
baseline (t(14.2)=15, p<0.0001). In the presence of 0.5 uM ETOM, STP was significantly
reduced by 107+£8% compared to saline (t9(46.5)=-12.4, p<0.0001).

We conclude that 0.5 pM etomidate modestly reduces LTP in response to a weak theta-burst
protocol. However, it produces a much greater reduction in STP following that same stimulus.
Our findings suggest that effects of etomidate on memory might reflect modulation of short term
as well as long term potentiation.
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Abstract: Ca?* ions are essential for the transmitter release from the presynaptic terminals and
modification of the Ca?* entry critically determines the synaptic strength. So far, we have
developed a simple and sufficiently realistic model of the hippocampal mossy fibers with en
passant structure as well as ionic conductance with the experimentally determined properties of
the axonal Na*-, K*-, and Ca?*-channels by direct recordings from the axon terminals. In this
study, it was attempted to explore the use-dependent modification of presynaptic Ca®* entry into
the hippocampal mossy fiber terminals (Kamiya et al., 2002) by using this numerical model. For



quantitative evaluation of each elementary process of synaptic transmission, axonal action
potentials, as well as presynaptic Ca?* current, were calculated using the simulation. At a
frequency of 10-50 Hz, presynaptic Ca?* entry by propagating action potentials increased
gradually upon repetitive stimulation. Since this use-dependent increase of presynaptic Ca?*
entry was much reduced by exchanging the model to that lacking inactivation of K* channels, it
was suggested that accumulated inactivation of K™ channels during repetitive stimulation and
broadening of action potentials may account for the use-dependent increase in the presynaptic
Ca?" entry at the mossy fiber-CA3 synapse. The wide dynamic range of facilitation at this
synapse may partly be mediated by the accumulated inactivation of K* channels and subsequent
use-dependent enhancement of the Ca?* entry into the presynaptic terminals.
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Title: The role of AMPA receptor surface mobility in high-frequency short-term synaptic
plasticity
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Abstract: Activity-dependent plasticity of synaptic transmission is a key mechanism underlying
learning and memory. During high-frequency short-term synaptic plasticity (HF-STP) the
amplitude of synaptic responses changes upon presynaptic stimulation on a timescale of seconds.
HF-STP is important for information processing in the brain, serving particularly for temporal
integration. However, the precise functions of HF-STP, and its impact on information
processing, remain unknown. It is generally accepted that HF-STP is regulated primarily by
presynaptic mechanisms. However, postsynaptic mechanisms have been shown to regulate HF-
STP, although their role here remains to be fully understood. In 2002 we demonstrated that
AMPA receptors (AMPARS), the main excitatory receptors in the brain, are trafficked in and out
synapses by surface diffusion that complements endo- and exocytosis. Here, we study the
functional role of AMPAR surface diffusion in HF-STP in integrated slice tissue models with
intact synaptic connectivity. We use the AP-GIuA2 knock-in (KI) mouse model, developed in
the lab, where GIuA2 subunits of AMPARs are tagged with a 15 amino acid biotinylation
acceptor peptide (AP-tag) and can be specifically biotinylated when co-expressed with an



endoplasmic reticulum resident biotin ligase (BirAER), and immobilized on the cell surface with
a biotin-binding protein NeutrAvidin. With this we show that immobilization of endogenous
AMPARs modulates HF-STP by increasing synaptic depression in the Schaffer collateral-CA1
synapse of organotypic hippocampal slices. This effect is reversed when AMPAR desensitization
blockers are applied, suggesting that the modulation of HF-STP is achieved by preventing the
replacement of desensitized AMPARSs in the synapse. Moreover, with iGluSnFr imaging we find
no change in presynaptic glutamate release upon AMPAR immobilization. Altogether this
strongly suggests a postsynaptic contribution of AMPAR mobility in regulating HF-STP. We
aim to determine exhaustively the respective contributions of presynaptic transmitter release and
postsynaptic AMPAR biophysics and mobility in HF-STP and to identify physiological
processes which act upon AMPAR kinetics and mobility to regulate HF-STP in the brain.
Moreover, AMPAR cross-link is a promising tool to achieve cell-specific blockade of HF-STP
that may allow the transition from modeling-based evidence of HF-STP roles in brain function to
experimental evidence.
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Title: Marked differences in signal processing across nodes of the hippocampal circuit
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Abstract: Within different hippocampal subregions, the manner in which responses to
behaviorally relevant rhythms of input are processed is surprisingly not well understood.
Specifically, how inputs arriving at theta (5Hz), beta (20Hz), and gamma (50Hz) frequencies are
transformed, filtered, or amplified across hippocampal synapses is not known. Using adult
mouse (C57/BL6) hippocampal slices, the present studies measured synaptic responses across
three nodes of the hippocampal circuit: the lateral perforant path (LPP) projections from lateral
entorhinal cortex to dentate gyrus (DG), the medial perforant path (MPP) projections from
medial entorhinal cortex to DG, and the Schaffer commissural, CA3-CAL projections. Ten-pulse



trains arriving at theta, beta, and gamma frequencies all produced marked within-train facilitation
of dendritic responses at CA3-CAL1 synapses. However, similar stimulation of the MPP-DG
connections resulted in a marked within-train depression at all three frequencies. Interestingly,
theta stimulation of the LPP produced a modest facilitation of dendritic responses recorded in the
outer molecular layer of the DG, whereas gamma activation resulted in an initial facilitation
followed by an increasingly greater depression to below baseline levels. Treatment with the
GABAAR antagonist, picrotoxin, had no influence on the depression seen with gamma
stimulation. However, with reduced extracellular calcium levels gamma stimulation of LPP-DG
system elicited frequency facilitation comparable to that observed for CA3-CAL. Thus, the
unusual filtering properties of LPP-DG terminals were associated with presynaptic elements
relating to release probability, as opposed to postsynaptic features. One such presynaptic element
is the vesicular glutamate transporter 2 (VGLUT2), which is associated with high release
probability synapses. VGLUT?2 levels were found to be much greater at LPP synapses as
compared to CA3-CAL terminals. Together, the unusual properties of the LPP-DG function as a
low-pass filter that is largely associated with presynaptic factors. However, the LPP also
terminates on the distal apical dendrites of field CA3. Intriguingly, the unusual LPP-DG filtering
was not found at LPP-CA3 synapses and instead gamma input resulted in an initial facilitation
with responses returning to near baseline levels later in the train. These observations demonstrate
target specification of synaptic properties across two terminals of the same axon (LPP-DG &
LPP-CA3) and suggest that high frequency information (gamma rhythms) arriving from the
lateral entorhinal cortex is preferentially routed through LPP-CA3 rather than LPP-DG.
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Title: Altered short-term synaptic plasticity in the PVN of the FKBP5-deficient mice
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Abstract: FKBP5 is one of negative modulators of glucocorticoid receptors (GR) and certain
FKBP5 SNPs are clinically known to be highly related with psychiatric disorders, including
anxiety disorders and depression. FKBP5 overexpressing mice are reported to show increased
anxiety and depression-like behaviors whereas FKBP5-deficient mice exhibit stress-resilient



phenotypes such as faster stress copying behavior and anxiolytic behavior. Moreover, the
paraventricular nucleus of the hypothalamus (PVVN)-specific deletion of FKBP5 mice showed
increased GR activity. PVN is the key modulator of the HPA axis, governing stress responses in
the body through a well-known short-term plasticity (STP) mediated by the inhibition of
NMDARs. We investigated the impact of FKBP5 loss on STP of the PVN and found that stress
did not induce STP in the PVN of FKBP5-deficient mice, leaving NMDAR-mediated
spontaneous transmission intact. Additional blockade of TrkB signaling allows stress-induced
STP in FKBPS5 lacking PVN neurons. Our observations suggest that BDNF-TrkB signaling may
contribute to the stress resilience of FKBP5-deficient PVN, thereby providing a useful coping
strategy against stress with clinical relevance.
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Abstract: Structural and functional synaptic plasticity plays a key role in storage and processing
of information in the brain. However, the link between structure and function remains enigmatic.
Although recent studies elucidated a potential correlation between physiological and
morphological properties of synapses during synaptic plasticity (Vandael et al., 2020, Neuron
107: 509-521), the corresponding molecular mechanisms remain unknown. Hence, to pinpoint
changes in the molecular architecture at hippocampal mossy fiber boutons (MFBs) during
plasticity, we combined paired recording of MFB-CAS3 pyramidal neuron (PN) synapses, freeze-
substitution of acute hippocampal slices, and freeze-fracture replica immunolabeling (FRIL) of
calcium channels and synaptic proteins (Munc13-1 and Munc13-2) in mouse hippocampus.
Chemical short-term potentiation (cSTP) was induced by the adenylyl cyclase activator forskolin
(FSK, 50 uM) and measured 5 min after FSK application. This approach allowed us to correlate
structural and physiological data, thus, establishing the mechanisms governing cSTP. First, we
found that during cSTP both readily releasable pool (RRP) and release probability (Pr) increased
(RRP: control - 1.05 £ 0.12 nA vs. cSTP - 2.31 £ 0.28 nA, p < 0.01, here and below Wilcoxon
signed-rank test; Pr: control - 0.17 + 0.02 vs. ¢STP - 0.24 £ 0.03, p < 0.05; n = 8 pairs).



Similarly, we found that the docked vesicle pool increased after FSK application and cSTP
induction (number of docked vesicles per 100 nm active zone (AZ) profile length: control - 0.8 +
0.06 (n =70 AZs) vs. cSTP - 1.1 £ 0.07 (n = 64 AZs), p <0.01). Finally, FRIL revealed that the
mean number of clusters of Munc13-1 in the MFB AZs significantly increased from 2.4 £ 0.1 in
control to 3.3 = 0.2 clusters during cSTP (90 and 51 AZs respectively, p < 0.01). In addition, the
mean nearest-neighbor distance (NND) between calcium channels and Munc13-1 proteins
decreased after FSK application (control - 47.4 + 2.2 nm vs. ¢cSTP - 39.2 £ 2.7 nm; p < 0.01).
Still, the magnitude of change was smaller than the increase in the number of Munc13-1 clusters
during cSTP, similar to the effects of FSK on RRP and Pr observed in electrophysiology. In
contrast, both the distribution of Munc13-2 and the NND between calcium channels and
Munc13-2s remained unchanged during cSTP, suggesting an isoform-dependent difference in
protein functions. Altogether, our results indicate a marked correlation between the size of RRP,
the docked vesicle pool, and the number of clusters of the priming protein Munc13-1 at MFBs.
Further, we show that exactly this expansion of releasable vesicles and to a lesser extent increase
in Pr dictates cSTP at MFB-CA3 PN synapses.
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Abstract: Substance use disorder, a disease characterized by uncontrollable cravings and drug-
seeking behaviors, causes a decrease in social, financial, and emotional function. Understanding
substance-induced changes to the nucleus Accumbens core (NAcore), a key integration center
for the brain reward system, is crucial for development of therapeutics for substance use
disorder. One area of interest is examining small active subpopulations of neurons, also known
as neuronal ensembles, which have been linked to seeking psychoactive substances. Our research
is examining changes specific to this subpopulation of neurons. We are documenting the synaptic
plasticity of ensemble medium spiny neurons (MSNs) in the NAcore during cocaine seeking.
Cocaine seeking neurons were identified using male and female c-Fos'C"®ERT2/Ai14 transgenic
mice. Mice underwent cocaine self-administration followed by extinction training and cue-



induced reinstatement to induce cocaine seeking. Tagging active MSNs in the NAcore was
followed with analysis of the dendritic spines (spine diameter and density) in animals seeking
cocaine (n=7) and controls (n=8). Analysis showed a change to spine head density but no
significant change to spine head diameter. Understanding changes to the synaptic plasticity of
MSNs in the NAcore expands our knowledge of drug relapse and contributes to developing
therapeutic strategies for treating substance use disorder.
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Abstract: The strength of synaptic connections between neurons is dynamically modulated by
short-term plasticity (STP). Individual synapses often express multiple forms of STP, which
makes synaptic transmission activity-dependent and highly non-linear. This is hypothesized to
dramatically affect the flow of information through neural circuits but testing this hypothesis has
been difficult without knowledge of the underlying molecular mechanisms. We recently showed
that a neuronal calcium sensor called Synaptagmin-7 (SYT7) is the mechanism for a form of
STP called facilitation, which boosts neurotransmitter release during high-frequency activity.
Here we use patch-clamp electrophysiology in transgenic mice to show that a closely-related
calcium sensor, Synaptotagmin-3 (SYT3), acts as the mechanism for a second form of STP
termed Calcium-dependent Recovery from Depression (CDR) in the calyx of Held. We ablate
each synaptotagmin isoform to explore how facilitation and CDR interact to regulate synaptic
transmission in the hippocampus and cerebellum. We find that SYT3 and SYT7 serve partially
overlapping functions in boosting neurotransmitter release, but the two isoforms are activated by
different neuronal firing frequencies. Computational modeling suggests that both forms of STP
are driven by an increase in the number of releasable vesicles in the presynaptic terminal. These
results provide new insight into the molecular steps that trigger neurotransmitter release and
offer new tools to investigate the role of STP in neural circuit function.
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Abstract: Post-tetanic potentiation (PTP) was proposed as short-term plasticity that may mediate
the generation of persistent activity during working memory. Persistent activity (PA) in
prelimbic cortex (PL) is essential for acquisition of trace fear memory. However, the
neurophysiological mechanisms underlying PA are poorly understood. We examined the
neurobiological mechanism of PTP in PL, and tested whether PTP plays a role in PA and trace
fear conditioning. Using optogenetic stimulation, we stimulated afferent fibers to layer 5 (L5)
pyramidal neurons (PNs) in cell-type and layer-specific manner. We found that PTP was induced
at the synapses onto L5 corticopontine (Cpn) PNs from L2/3 PNs and L5 commissural (COM)
PNs, but not at synapses onto L5 COM PNs. While PTP at both synapse types onto Cpn cells
was inhibited by protein kinase C inhibitor, tetraphenylphosphonium (TPP), a mitochondrial
NCLX blocker, suppressed PTP only at L2/3-to-Cpn synapses. Studying the effect of TPP
infusion into the PL on trace fear conditioning, we found that TPP did not affect the trace
memory formation per se, but reduced the maintenance of the fear memory during fear memory
extinction test. In vivo recordings revealed that c.a. 10% of PL-PNs exhibited PA after
conditioning stimulus (CS, tone). The TPP infusion abolished such post-CS PA during both
conditioning and extinction training. These results imply that PTP at L2/3-to-Cpn synapses is
required for post-CS PA during trace fear conditioning, and plays a role in maintenance of trace
fear memory.
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Abstract: Acute estrogen supplementation can have rapid effects on rodent behavior and
cognition through the rapid modulation of synaptic transmission and intracellular signaling
mechanisms. Estrogen receptor (ER) activation can inhibit GABAergic neurons, modulate
excitatory NMDA and AMPA currents, and reversibly increase CA1 pyramidal neuron dendritic
spine density. The entorhinal cortex is a significant source of cortical associational input to the
hippocampus. Previous work has shown that 20-minute application of 17p-estradiol (E2) can
facilitate excitatory postsynaptic field potentials in the lateral entorhinal cortex through
activation of the G protein-coupled estrogen receptor-1 (GPER1). The current study tested
whether this facilitation is induced via E2-induced changes in APMA- or NMDA-glutamate
receptor-mediated excitatory postsynaptic currents (EPSCs), or GABA-mediated inhibitory
postsynaptic currents (IPSCs) in principal cells of layers Il and 111 of the rat entorhinal cortex.
On postnatal day (PD) 63, female Long-Evans rats were ovariectomized and implanted with a
subdermal E2 capsule to maintain constant low levels of circulating E2. Electrophysiological
recordings were collected from horizontal brain slices between PD70 and PD91.
Pharmacologically isolated whole-cell EPSCs and IPSCs were recorded from principal neurons
in layers 1l and 111 in response to electrical stimulation of layer | afferents. After stable baseline
recordings, 10 nM E2 was bath-applied for 20 min, followed by a 30-min washout period.
Application of E2 resulted in no significant changes in isolated AMPA-mediated EPSCs. The
amplitude of NMDA-mediated EPSCs was reduced during the application of E2, and remained
reduced during the washout period. However, E2 resulted in a marked reduction in the amplitude
of GABA-mediated IPSCs that reversed during the 30-min washout period. These results
indicate that the facilitation of excitatory synaptic transmission induced by E2 in the entorhinal
cortex, which may contribute to the cognitive effects of estrogen in the hippocampal region, is
largely due to a reduction in the strength of the inhibitory synaptic transmission.
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Title: Chronic ketamine administration reduces phasic dopamine release and impairs short-term
excitatory synaptic plasticity in nucleus accumbens of adult male rats.
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Abstract: Ketamine is a phencyclidine derivative which is used therapeutically as a dissociative
anesthetic in the treatment of pain and lately used in resistant depression treatment with great
outcomes. In addition, ketamine has been used as a recreational drug specially in Asia, Europe,
North America and recently in South America. Pharmacologically, ketamine is considered a non-
competitive antagonist of the NMDA receptor and recent investigations showed that ketamine
has an inhibitory effect in voltage dependent Na* and K* channels and inhibits dopamine (DA)
reuptake in several brain areas such as prefrontal cortex, hippocampus and nucleus accumbens
(NAc). However, the chronic effects of ketamine on brain areas such as NAc, a structure
involved in drug reward have been poorly studied. The aim of this work was to determine
whether ketamine administration for 10 days affect DA release and excitatory transmission in
NAc. Adult male Sprague-Dawley rats (3 - 4 months old) were injected with ketamine (30
mg/kg, i.p.) or saline (control group; 1 mL/kg i.p.) for 10 consecutive days. During this protocol
we measured locomotor activity on the 1%, 5" and 10" day of treatment. One day after last dose
of ketamine (11" day) animals were euthanized and used for fast-scan cyclic voltammetry
(FSCV) and electrophysiological experiments to evaluate tonic and phasic DA release, short-
term excitatory plasticity and the passive properties of the medium spiny neurons (MSNSs) in the
NACc core, respectively. Our results show that chronic ketamine administration increases
locomotor activity on 5 and 10" day, reduces the phasic DA release and increases the
probability of glutamate release in NAc core. These findings suggest that repetitive ketamine use
may lead to pathological consequences by producing neurochemical and synaptic function
changes in NAc, a key nucleus involved in reward and drug addiction.
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Title: Functional subtypes of synaptic dynamics revealed by model-based classification
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Abstract: Synapses show preferential responses to particular temporal patterns of activity.
Across synapses, however, there is a large degree of response heterogeneity that is routinely and
tacitly separated into classes. Here we combined a kernel-based model and machine learning
techniques to infer functionally distinct classes of short-term plasticity in data from the Allen
Institute Synaptic Physiology data set. First, we fitted our computational model to rodent
synapses in the database, which reduced the dynamics of each synapse to a small number of
parameters. Then, we found that better prediction of transcriptomic cell type can be achieved by
using model parameters than by using standard electrophysiological features. To identify the
presence of classes of synaptic dynamics, we compared three approaches: 1) observing
functional classes that arose in the prediction of transcriptomic cell class using machine learning,
2) unsupervised clustering of model parameters, and 3) averaging the model parameters
belonging to the same cell class. In rodent data, we found a remarkable convergence onto four
functional classes. These groups were labelled “strongly facilitating”, “depressing”, “facilitating
then depressing” and “no plasticity”. Application of the same clustering methods in human data
inferred the same classes. We propose that these functional types of synaptic dynamics shape the
connectivity of the brain and that, paired with our model fits, will be useful as readily available,
biologically plausible building blocks for computational simulations.
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Title: Presynaptic plasticity in a mammalian synapse involves actin remodeling and vesicle
recruitment
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Abstract: Post-tetanic potentiation (PTP) is a form of short-term plasticity that is induced by
repeated stimulation. One way in which PTP occurs is through an increase in the number of
vesicles at the active zone. The calyx of Held is a large, rapidly firing synapse involved in sound
localization. The presynaptic terminal of the calyx of Held contains a dense layer of filamentous
actin (F-actin) that is organized in part by the potassium channel Kv3.3 in order to facilitate
endocytosis of vesicles and replenishment of the readily releasable pool, functions critical to
maintaining synaptic transmission at high frequencies. In this study we used three-dimensional
super resolution microscopy techniques to determine if repeated stimulation of the calyx of Held
synapse would result in reorganization of the actin cytoskeleton to allow the accumulation of
additional vesicles at the active zone. We found that repeated stimulation results in the bundling
of actin filaments with a coincidental increase in the number of vesicles at the active zone,
suggesting that actin is cleared from sites of vesicle accumulation. Mitochondria fuel the energy-
demanding process of synaptic transmission. Given the close association of mitochondria with
the cytoskeleton and vesicle pools, we used electron microscopy to analyze whether repeated
stimulation would alter mitochondrial structure or localization with respect to active zones. We
found an increase in electron density of mitochondria located near active zones, indicative of
ATP synthase activity. Our findings indicate that synaptic activity induces dynamic structural
and metabolic changes in the presynaptic terminal that enable short-term plasticity, adding to the
emerging links between the cytoskeleton, mitochondrial metabolism, and neurodegenerative
disease.
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Abstract: Since the discovery of Nitric Oxide (NO) acting as an intracellular messenger in the
brain, there is growing evidence that NO is responsible for the coordination of synaptic activity,



both excitatory and inhibitory. Cellular types that can produce NO molecules have been found in
the cerebral cortex, hippocampus and cerebellum. As NO synthesized in response to an external
stimulus diffuses freely across the cell membrane, spreading rapidly in the extracellular space, it
can provide a type of neural communication that goes beyond the anatomical synaptic
connection. An increasing number of studies suggested that a closely-packed group of neurons
containing neuronal NO synthase (nNOS) enzyme may generate a diffuse cloud of NO when
stimulated, thus acting as a volume transmitter with a relatively large area of influence. Given
NO's relevance in the cerebellar granular layer, we focused on simulating NO produced in the
synapses between mossy fibres and granule cells. We developed a model able to simulate the
production and diffusion of NO molecules and integrate it into a 3D scaffold model of the
cerebellar microcircuit. We modelled the dynamics of NO production with two differential
equations: one describing the Ca2+/calmodulin binding and the other representing the activation
of the nNOS enzyme. To model the NO diffusion, we used the heat diffusion equation modified
to take into account the activity of the NO source and the NO consumption in the extracellular
space. To validate the single-source model, we compare our results with simulations performed
in NEURON (Reaction&Diffusion module), where all the steps in the biochemical reactions
involved in the NO synthesis are implemented. Unlike the complex reaction cascade simulated in
NEURON, our production function can replicate the synthesis process in two steps, following
the timing of spike events. Starting from this single-source model, we implemented a Python
simulator for "diffusive communication™ in large spiking neural networks. We integrated it with
the Brain Scaffold Builder (BSB), which enables spatially, topologically and morphologically
detailed neural network simulations. Thus, we can compute the NO concentration in given points
of the network as the sum of the diffusion profile from surrounding active sources, and we can
replicate in vitro experimental protocol performed in the granular layer where the NO
concentration is measured after an electrical stimulation on the mossy fibres. Further
developments will include a model to simulate the dependency between NO concentration and
changes in the synaptic intrinsic conductances of the granule cells to investigate NO's role in
plasticity mechanisms.
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Abstract: By means of an expansive innervation, the relatively few phylogenetically-old
serotonin (5-HT) neurons of the dorsal raphe nucleus (DRN) are well-positioned to adaptively
regulate behaviour via coordinated modulation of neural circuits across the brain. The anatomy
of DRN afferents has been dissected in detail, yet the computations performed within the DRN
itself are still unknown. To gain insight into the connection between its physiological form and
computational function, we developed a new class of experimentally-constrained spiking neuron
model that combines the realism of Hodgkin-Huxley models with the simplicity and predictive
power of generalized integrate-and-fire (GIF) models. Our augmented GIF models and whole-
cell electrophysiological recordings of DRN 5-HT and somatostatin (SOM) neurons revealed key
excitability features of each cell type: a large A-type potassium current, potent after-
hyperpolarization currents, and dynamic spike threshold in 5-HT neurons, and weaker adaptation
and a high degree of cell-to-cell variability in SOM neurons. Simulating spiking networks
composed of models fitted to individual cells of each type led to three predictions about the
computational effects of these features: First, the substantial heterogeneity of DRN SOM
neurons causes feed-forward inhibition of 5-HT neurons to be divisive rather than subtractive.
Second, previously-described endocannabinoid modulation of feed-forward inhibition has a
multiplicative effect on 5-HT output. Third, the potent adaptation mechanisms found in 5-HT
neurons cause their population-level firing rate to powerfully report the temporal derivative of
their input. By applying a new bottom-up biological neural network modelling approach to the
DRN, this work gives insight into the computational function of the 5-HT system. As the search
for a behavioural correlate of DRN 5-HT output continues, our results suggest that the DRN is
particularly sensitive to how its inputs change over time, reflecting one of the salient emerging
computations that dominate its output to regulate behaviour.
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Abstract: Much of the information that the brain processes consists of stimuli which are
organized in time. The ability to relate different entities, learn ordering relationships between
them and predict future events is vital for tasks such as perception, communication and context
discrimination. Several studies have reported links between behavioral activity and spatio-
temporally ordered neural activity in the form of cell assemblies. How is information from
neuronal assemblies decoded by neurons downstream?

Dendritic computations via clusters or sequences have been indicated to play a vital role in
processing inputs and enhancing neuronal coding capacities. Dendrites achieve this feat with the
help of nonlinearities that occur in the form of specific types of channels or chemical
mechanisms. However dendritic computations require precise convergence of correlated inputs
onto short segments of dendrites. Can clustered and sequential convergence arise even in
networks with random connectivity or do they require special connectivity rules? What is the
effect of background activity on these computations? We used analytical equations and
numerical simulations of connectivity based on network statistics data from the rat hippocampus
and cortex to tackle these questions. With the help of subcellular electrical and chemical models,
we explored the role of background activity on sequence discrimination and cluster selectivity.
Our results indicate that sequential and clustered convergence of 3-6 inputs is likely even in
networks with random connectivity. However, discrimination of different patterns via clustered
selectivity becomes difficult in networks with random connectivity. This occurs because
combinatorics also supports the convergence of a large number of alternate clusters containing
repeating inputs from ensembles. This invokes the need for selective wiring or special plasticity
rules to enable this computation. Sequences may be less affected by such effects, depending on
the degree of selectivity offered by the mechanism at play. Sequence selectivity via electrical
mechanisms is more sensitive to ectopic inputs than chemical mechanisms as inputs arriving in
flanking regions of the sequence could also affect selectivity. Our work suggests that sequential
and clustered convergence of 3-6 inputs is likely even with random connectivity, and sequence



discrimination computation is best suited for low noise networks operating with mechanisms that
provide good physiological selectivity such as the hippocampal-CICR and hippocampal-
electrical configurations.
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Abstract: The brain learns an internal model of the environment to improve performance in
various cognitive behaviors such as perception and inference. Several recent studies suggest that
these internal representations, or optimal priors of the environment, are maintained in
spontaneous activity. For instance, repeated exposure to visual stimuli generates spontaneous
activity of visual cortical neurons that reactivates the stimulus-evoked activity patterns.
However, the underlying mechanisms for learning such priors remain unclear. Here, we
developed a recurrent spiking neural network model that remembers the statistical structure of
sensory events. Our model automatically segments repeated patterns in input to encode them into
cell assemblies by minimizing the errors in probability structure between sensory-evoked and
internally-driven activities. Thus trained model spontaneously replays these cell assemblies with
frequencies proportional to the occurrence probabilities of the corresponding sensory events. To
our surprise, our model accurately replicates the behavioral biases observed in monkeys
performing a sensory decision-making task.
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Abstract: Understanding sleep has been a central topic in sleep research. Researchers have
raised different hypotheses and computational models to explain sleep and sleep-wake
transitions. However, most of these models achieve sleep-wake transitions by directly changing
the electrophysiology of neurons and ignore many electrophysiological or synaptic processes that
are known to affect sleep dynamics.

Using a newly built simulation platform that can parallelly simulate hundreds of thousands of
neurons with full electrophysiology as fast as in real time, we simulate a network of spiking
cortical neurons that include calcium signaling. In this network, we also simulate a calcium
synaptic plasticity model that regulates the synaptic weights between the neurons. Surprisingly,
we observe that the spontaneous fluctuating calcium dynamics can affect the synaptic weight
distribution, which further causes the whole network to transition between sleep and wake.
Alternating extracellular calcium concentrations can also induce sleep-wake transitions of the
network, a phenomenon that has been known from past experiments.
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Abstract: Working memory (WM) has been shown to induce changes in local field oscillations
in extrastriate visual cortex, particularly in the Beta frequency range (12-30 Hz). These WM-
dependent oscillations are also accompanied by changes in spike timing relative to this
oscillatory phase, allowing sensory information to be represented in the phase of spikes.
Moreover, WM has been shown to increase the response gain in visual areas, as reflected in their
enhanced firing rate in the presence of visual stimuli. Our preliminary experimental results show
WM-dependent changes in firing rate are correlated with WM-dependent oscillatory changes on
a trial by trial basis. This raised the hypothesis that WM-dependent changes in response gain
could be a byproduct of WM-induced oscillatory changes in a network. In order to test this idea,
we developed a spiking network model that can account for WM-induced changes observed in
visual areas. The network is capable of representing stimulus input in its average spike count
(rate code), as well as in terms of oscillatory phase of spikes (phase code). Consistent with
experimental findings, we found that our proxy WM input signal increased the frequency and
amplitude of network oscillations in a stimulus dependent manner, while preserving the number
of spikes per oscillation and strengthening spike phase locking. This corroborates our
experimental findings regarding the relationship between WM-dependent changes in oscillation
and response gain. In order to test whether response gain is a byproduct of oscillatory changes,
we developed a modified version of our model with increased inhibitory gain. This manipulation
could eliminate the changes in stimulus-dependent oscillation frequency, as well as stimulus-
dependent changes in average spike count. However, the relative timing of spikes to the phase of
the oscillation could still reflect the stimulus information. Thus, the capacity of the rate code to
reflect stimulus strength in this network seems to rely on changes in the frequency of oscillation,
while the phase coding capacity seems to be independent of these alterations in rate and
oscillatory frequency. The model simulation results also showed that the phase code provides a
more reliable representation of the input compared to the rate code. These results suggest that
WM recruits sensory areas primarily via a phase code and provides an network-level description
of this recruitment.
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Abstract: Artificial recurrent neural networks (RNNs) comprise a large and diverse class of
machine learning models that are designed by a more or less detailed analogy with real brain
networks. Reservoir Computing is one such machine learning framework that has been garnering
a lot of attention. Recent work with reservoir computers has demonstrated excellent performance
in time-series forecasting as well as other practical tasks like speech recognition. While
traditional reservoir computers (RCs) use a randomly generated neural network, various alternate
systems have been suggested for the “reservoir” component, including small-world networks,
spiking neural networks, and even physical reservoirs such as photonic cavities and field
programmable gate arrays (FPGAS). By using a brain-inspired network model instead of a
traditional RC we hope to identify the salient features that contribute to the information
processing capacity of neural networks. One such key feature is the interplay of excitation and
inhibition (E/I). Through our RC model, we demonstrate that networks having inhibitory neurons
have greatly improved performance over their purely excitatory counterparts. Even moderate
inhibition can make the network more robust and maintains better performance over a wider
range of RC parameters. Another important feature that contributes to the performance of neural
networks is criticality. Through our analysis, we show that RCs have enhanced performance in
the vicinity of a critical point. Our results suggest that reservoirs composed of critical, E/I units
achieve better and more robust performance in essential information processing metrics like (i)
Memory - How long the RC can remember an input, (ii) Separability - How effectively the RC
can differentiate 2 inputs in its phase space and (iii) Dynamic Range - What range of input
amplitudes the RC can handle. Overall, our brain-inspired computational models provide crucial
insights into our understanding of information processing in the brain using RCs with E/I
balanced networks close to criticality.
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Abstract: The substantia nigra pars reticulata (SNr) constitutes the largest output nucleus of the
basal ganglia. It plays an important role in motor control, integrating multiple inputs and sending
organised projections to a range of downstream targets. Recent experimental work has provided
evidence for fine-grain functional subdivisions through this basal ganglia circuit, suggesting a
sophisticated pattern of information processing. Here we present a detailed model of the SNr and
its afferents. The electrophysiological and morphological properties of neurons in the mouse SNr
are characterized in acute brain slices via whole cell patch-clamp and morphological
reconstruction. Furthermore, a novel cortico-nigral connection is functionally characterized with
virally targeted optogenetics administered to motor cortex. Using reconstructed morphologies,
multicompartmental single-cell models are instantiated within the NEURON simulation
environment and simulated with known ion channels. In order to accurately recapitulate the
neuronal physiology observed experimentally, model parameters are optimized with a genetic
algorithm. The unique synaptic properties of the different input sources are captured, with
spatially organised connections established via touch-detection, using the Snudda framework.
The model integrates with a large-scale model of the dorsal striatum that features detailed models
of striatal projection neurons and interneurons (Hjorth et al., 2020). By recreating the precise
topography of these pathways in silico we have established a data-driven platform to investigate
information flow through the basal ganglia in virtual experiments that would otherwise be
impossible to conduct.

Reference: Hjorth et al., 2020, Proc. Natl. Acad. Sci. U. S. A. 117(17):9554-9565.
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Abstract: Synchronous activity in the subthalamic nucleus (STN) is correlated with motor
symptom severity in Parkinson’s disease. Reductions in synchrony associated with deep brain
stimulation are correlated with symptom improvement. Changes in coupling strength and neural
properties influence the emergence of pathological synchrony within the cortico-basal ganglia,
however the effects of changes in connection the pattern between neurons are less clear. We have
shown how network structure impacts synchrony in a model of the STN-GPe (Globus Pallidus
externus), and how theoretical methods developed for coupled systems can approximately
predict the level of synchrony. Extending this approach, here we explore how synchrony may be
reduced via structural network changes involving targeted removal of connections. Our model
consisted of 200 Hodgkin Huxley neurons coupled by excitatory (STN-GPe) and inhibitory
(GPe-STN, GPe-GPe) synapses. Networks were generated using random (RD), small world
(SW), scale free (SF), or spatial (SP) rules. Synchrony was estimated using a variance based
measure averaged across each population. The targeted removal (TR) algorithm treats the STN-
GPe as a single population, with neurons defined in terms of their connections (edges). Each
neuron is assigned to one of 4 groups in a process that minimises edges between groups. Edges
not within a group or going to an adjacent group are then removed. From coupled oscillator
theory, maximising the ratio of within to between group edges should reduce global synchrony
by creating 4 out of phase populations, with the phase relation promoted by the feedforward
connections between groups. The efficacy of TR was assessed by comparing the resulting
synchrony with that obtained following random removal of the same number of edges. TR
reduced synchrony for SW by 36.5%, SP by 32.7%, RD by 30.3% and SF by 63.1%. The
proportion of edges removed varied with topology: SW and SP required the removal of the
fewest edges at 8.6% and 12.9% while RD and SF required 44.7% and 47.2%. In contrast,
random removal of the same number of edges reduced synchrony for SW by 3.17%, SP by
8.89%, RD by 19.9%, and SF by 76.6%. In summary TR performed well for SW and SP
networks, achieving large synchrony reductions with minimal edge removal, but the approach
requires the removal of almost half the edges in RD and SF networks. In addition, TR was less
effective for SF networks compared to random removal. These results show how targeted
decoupling of neurons through novel neuromodulation or similar interventions may off a less
intrusive method for reducing pathological synchrony in certain neuronal topologies.
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Abstract: In addition to its dense cholinergic innervation, the basal forebrain (BF) provides
substantial GABAergic, glutamatergic and peptidergic inputs to various limbic structures. The
role of these projections in hippocampus-dependent cognitive processes are relatively well-
studied. BF cholinergic and GABAergic projections to the hippocampus differentially contribute
to the local network activity such as the generation of hippocampal theta rhythm. Several BF
nuclei send similar cholinergic and GABAergic projections to the basolateral amygdala (BLA),
but their localization and function on amygdala-dependent affective processes are not fully
understood. We utilized a two-fold strategy to identify BF neuronal groups that target the BLA
and reveal their potential role in local network activity. We combined retrograde tract-tracing
with fluorescent immunohistochemistry in Wistar rats to reveal cholinergic and parvalbumin
(PV) or calbindin (CB)-immunoreactive putative GABAergic BF neurons projecting to the
lateral (LA), basolateral (BL) nuclei of the BLA as well as the central nucleus and the bed
nucleus of the stria terminalis. Once we identified ventral pallidum (VP) projections to the BLA
as the densest source of non-cholinergic BF innervation of the amygdala, we developed a BLA
network model incorporating BF cholinergic and GABAergic inputs. Retrograde tracer injections
into the LA and BL produced the densest labeling in the VP, substantia innominata, and
horizontal diagonal band, collectively constituting more than 75% of the labeled BF neurons. Of
all BLA-projecting VP neurons, 28.6% were CB+ and 7.3% were PV+ putative GABAergic
cells. In order to test the potential network function of the revealed ventral pallidal projections in
the amygdala, we developed a 1000-neuron BLA network model that has principal neurons
(PNs) as well as PV+, somatostatin+, and calretinin+ BLA interneurons, connected using
AMPA, NMDA, and GABA synapses. Extrinsic inputs comprised constant excitatory
thalamic/cortical inputs, rhythmic BF GABAergic projections, and modulatory BF cholinergic
input. To mimic phase-dependent disinhibition, 90% of the BF GABAergic input was provided
to the PV+ interneurons while 10% was directed to the PNs. As hypothesized, local theta
oscillations arose when both the cholinergic and the GABAergic input from the BF were present
in addition to the excitatory thalamic/cortical input. Removal of the cholinergic or the
GABAergic BF input alone decreased BLA theta power, and the oscillation ceased completely
when the GABAergic input is cut together with either the cholinergic or the thalamic/cortical
input.
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Abstract: Computational tools are increasingly being used in the medical sciences for both
research and instruction. The new area of computational psychiatry, for instance, aims to provide
a stronger neurobiological foundation for psychiatry with the goal of improving diagnosis by
highlighting the cellular and circuit correlates of neuropsychiatric disorders. According to
NIMH, the new field will ... foster a novel biologically-based computational framework to
identify and validate biomarkers and novel treatment targets relevant to the prevention,
treatment, and recovery of psychiatric disorders”. Computational tools designed for self-learning
will benefit students, residents and researchers from Neurology and Psychiatry who may be
interested in this new and growing area. Herein, we report a curriculum for neurology and
psychiatry students, residents and researchers that comprises self-learning tools such as slides,
videos, and freely available software tutorials (virtual labs) that can be run on any browser
without the need for install. The self-learning tutorials cover both fundamental concepts in
neurobiology as well as fear and extinction learning concepts, all of which form the foundations
for computational psychiatry. We use the NEURON programming language to model
neurobiology phenomena and use Python for graphing and visualization of the models. In a
series of six browser-based Google Colab notebooks, we build from single cell mechanisms to
small circuits. Another similar set of six tutorials cover the basics of the mammalian fear circuit
and the formation of rodent fear memory after Pavlovian tone-shock conditioning. Each
notebook contains interactive controls that allow students to work with the simulations with no
prior programming experience. We have observed that these simulations (that include
assignments) facilitate student engagement and increase confidence toward computational tools.
Herein we outline how the tutorials can be used with slides and instructional videos to form self-
learning packages that can be incorporated into instructional materials for neurology and
psychiatry students and residents, or as stand-alone learning packages for medical researchers.
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Abstract: Reduced cortical inhibition by somatostatin-expressing (SST) interneurons has been
strongly associated with treatment-resistant depression. However, whether the effects of reduced
SST interneuron inhibition on microcircuit activity have signatures detectible in
electroencephalography (EEG) signals remains unknown. We simulated resting-state activity and
EEG using detailed models of human cortical microcircuits with normal (healthy) or reduced
SST interneuron inhibition (depression). Healthy microcircuit models showed emergent key
features of resting-state EEG, and depression microcircuits exhibited increased theta, alpha and
low beta power (4 - 15 Hz). The changes in depression involved a combination of an aperiodic
broadband, and periodic theta and low beta components. We then demonstrated the specificity of
the EEG signatures of reduced SST interneuron inhibition by showing they were distinct from
those corresponding to reduced parvalbumin-expressing (PV) interneuron inhibition. Our study
thus links SST interneuron inhibition level to distinct features in EEG simulated from detailed
human microcircuits, which can serve to better identify mechanistic subtypes of depression using
EEG, and non-invasively monitor modulation of cortical inhibition.
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Abstract: Recent studies implicate cellular and circuit mechanisms in depression, and reduced
inhibition by somatostatin-expressing interneurons is a key component associated with
treatment-resistant depression. Administration of positive allosteric modulators of GABAA
receptor a5 subunits (a5-PAM) that selectively target and recover this lost inhibition, exhibit
antidepressant, anxiolytic, and pro-cognitive effects in rodents. However, the functional effects
of this drug on human cortical activity in vivo are unknown, and currently cannot be readily
assessed experimentally. We modeled the effect of a5-PAM on tonic inhibition recorded in
human neurons, and then tested a5-PAM effects on cortical processing using detailed data-driven
computational models of human cortical microcircuits in health and depression. Our simulations
show that a5-PAMs efficaciously and robustly recovered cortical processing, as quantified by
stimulus detection metrics, back to healthy levels. We then characterized the effects of a5-PAMS
on simulated EEG signals and identified power spectral biomarkers that can be used for
assessing drug efficacy. By comparison, simulation of non-selective PAMs did not recover
cortical function and had different EEG signatures. Our results and predictions serve to de-risk
and facilitate a5-PAM drug translation, identify biomarkers for monitoring, and provide an in
silico framework for assessing novel pharmacology.
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Abstract: Brain circuits acquire, retrieve, and use information, all via physiological operation
within anatomical structures. Models typically study either computations (learning, deciding) or



physiologies (dynamics; spiking patterns); how does the latter give rise to the former?
Incorporating both requirements adds valuable constraints to models, to help rule out
inconsistent hypotheses. Reciprocally, omitting these conditions adds degrees of freedom to
models, rendering them even more underconstrained. We demonstrate candidate models of
primate visual category learning in which the physiology performs the computations, such that
the former is constrained by empirical spiking and LFP data, and the latter by behavioral data.
Several findings suggest testable predictions as well as avenues for further study. Distinctive
cortical and striatal circuitry incorporates differential excitatory-inhibitory numbers and axon
radii; lateral inhibition; transmitters and their time courses; transmission lag time across
structures; three distinct localized forms of synaptic change (theta-gamma cortico-cortical LTP;
theta-spike LTP reversal; cortico-striatal potentiation via synapse-specific DA and ACh afferents
from SNc and TANSs respectively). Model rhythmic activity is driven in part via ascending ACh
(basal forebrain), NE (locus coeruleus), and DA (VTA) afferents to particular subclasses of
cortical cells. Behavioral stimuli are used directly from primate experiments. We identify several
initial results:

1. The model captures both quantitative and qualitative learning rates and variability seen in
behavior and neurophysiology.

2. Like the animals, the model learns visual categories at different rates. Sometimes only
one is learned, turning the two-category problem (A v. B) into a one-category task (A v. not A).
These results were not initially expected in advance of model analysis.

3. As in the physiological data, the model developed separate beta-band networks for the
two categories, driven by a combination of local and systems-level rhythmic activity.

4. The level of activity in striatal tonically active neurons (TANS) predicted striatal
variability to given cortical inputs. DA-driven inputs to TANs learn over time, transitioning from
initial high striatal MSN variability to less in later trials.
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Title: Ultrafast Simulation of Large-Scale Neocortical Microcircuitry with Biophysically
Realistic Neurons
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Abstract: Understanding the activity of the mammalian brain requires an integrative knowledge
of circuits at distinct scales, ranging from ion channel gating to circuit connectomics.
Computational models are regularly employed to understand how multiple parameters contribute
synergistically to circuit behavior. However, traditional models of anatomically and
biophysically realistic neurons are computationally demanding, especially when scaled to model
local circuits. To overcome this limitation, we trained several artificial neural net (ANN)
architectures to model the activity of realistic multicompartmental cortical neurons. We
identified an ANN architecture that accurately predicted subthreshold activity and action
potential firing of several different cortical pyramidal cell types. The ANN could correctly
generalize to previously unobserved synaptic input, including in models containing nonlinear
dendritic properties. When scaled, processing times were orders of magnitude faster compared
with traditional approaches, allowing for rapid parameter-space mapping in a circuit model of
Rett syndrome. Thus, we present a novel ANN approach allowing for rapid, detailed network
experiments using inexpensive and commonly available computational resources.
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Abstract: Cortical computations emerge from the dynamics of neurons embedded in complex
cortical circuits. Within these circuits neuronal ensembles, which represent subnetworks with
shared functional connectivity, emerge in an experience-dependent manner. Here, to emulate
sensory experience, we chronically optogenetically stimulated sparsely transduced cortical
organotypic cultures. Stimulation induced the formation of ensembles, as observed by
differential firing rates during spontaneous Up-states, and a decrease in the voltage correlation
between the optically stimulated (ChR+) and nonstimulated (ChR-) subpopulations. Paired



whole-cell recordings, revealed that these ensembles were in part formed by a synaptic
decoupling between the stimulated and non-stimulated populations—specifically the connection
probability between ChR-/ChR- and ChR-/ChR+ pairs was 23% and 10%, respectively,
furthermore the mean EPSP amplitude was also smaller between the ChR-/ChR+ pairs.
Additionally, these ensemble-specific changes were accompanied by decreases in intrinsic
excitability in the stimulated population. We next developed an empirically-based spiking neural
network model that exhibited the spontaneous Down<->Up-state transitions observed
experimentally. By incorporating the empirically observed changes in intrinsic excitability and
connectivity into this model we were able to demonstrate that changes in both intrinsic
excitability and connectivity accounted for the experimental results. Our findings establish that
chronic patterned stimulation can create ensembles within cortical circuits ex vivo. And,
importantly, while Up-states are a global network-wide phenomenon, functionally distinct
ensembles can preserve their identity during Up-states through differential firing rates and
correlations. Finally, at the mechanistic level we show that both changes in intrinsic excitability
and connectivity contribute to the formation of ensembles.
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Abstract: Background: Evidence from EEG studies in epilepsy indicate the presence of non-
linear interactions between brain areas during seizures. However, the majority of investigations
into the network interactions which drive seizures rely on linear analytical techniques.
Furthermore, EEG signals represent coarse grained neuronal dynamics, that is averaged
fluctuations in postsynaptic potentials which can remove non-linear components of signals.
Therefore, in order to understand the origin of such non-linear interactions during seizures, and
their contribution towards seizure genesis, we require i) neuron dynamics at single cell
resolution, ideally across the entire network, and ii) computational techniques which can account
for the non-linear interactions between time series, and are tractable to datasets with tens of
thousands of timeseries.



Methods: Here we take advantage of the larval zebrafish, a system which provides access to
single neuron resolution across the entire brain, to perform 2 photon calcium imaging during
induced seizures. Furthermore, we employ Convergent Cross Mapping (CCM), a computational
technique which relies on lagged coordinate embedding to infer the causal relationships between
time series, while accounting for non-linear interactions. We take advantage of high performance
computing implementations of CCM to perform up to 4x108 comparisons per fish. This is the
first time that a causal inference technique has been performed at single cell resolution across the
whole brain to examine seizures.

Results: We find that during generalised seizures, alongside an increase in pairwise correlation,
the amount of non-linear information between neuron pairs significantly increases. This suggests
that seizure dynamics are highly non-linear at the single neuron scale. This increase in non-linear
dynamics is largely driven by thalamic nuclei in the zebrafish brain. Interestingly, we show that
highly correlated and highly non-linear neurons represent distinct subpopulations, suggesting a
spatial structure to seizure evolution involving different interaction types.

Conclusions: In summary, by performing non-linear causal inference at single resolution across
the whole brain, we demonstrate a novel pathway for seizure emergence which relies on non-
linear signal propagation between neurons. Future work will characterise these non-linear
dynamics to understand how they give rise to seizure propagation, and understand whether such
dynamics can be used to predict seizures before they happen.
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Abstract: Binding is the cognitive process in which two or more known entities, features, or
modalities, are combined into a single neural representation. For example, the concept of a
purple banana comprises the property purpleness and the object banana, formed by the binding
of these two features. Although binding is a fundamental process underlying both primary
sensory perception (feature binding) and higher-order cognition (abstract reasoning and language
comprehension), its neuronal underpinnings and mechanistic implementation in the brain remain



unknown. Previous binding models either lack explicit biological underpinnings or require fast
plasticity mechanisms. Our theoretical model implements abstract binding in a network of
neurons with dendrites while trying to satisfy multiple biological constraints. The critical insight
is that representing a combination of features resembles the logical AND operation. This can be
easily implemented by a supralinear response to specific combinations of simultaneous inputs to
neighboring synapses in a dendritic compartment. We implemented an associative network with
sparse asymmetric connectivity that can bind any pair of items using binary neurons with
dendrites. In this model, somatic inhibition mediated by PV neurons is implemented by a
dynamic threshold, ensuring that only a fixed sparse fraction of neurons are active at any given
time. We find in simulations that any single item and any pair of items (i.e., binding) are attractor
states of the network over a wide range of parameters. Analytical calculations in the mean-field
limit recapitulate the stability found in simulations. Our model predicts that the binding engram
is comprised of clusters of co-active synapses on dendrites of those neurons that represent the
bound features. This local dendritic activity might also serve as a marker for future plasticity
sites for converting a transient binding representation into a stable, long-term association. We
thus show a biologically plausible and testable model for binding memories in cortical circuits.
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Abstract: An intermediate state between the synchronous and asynchronous states enhances the
inter-areal communication with the multiple frequencies: a detailed local circuit model

Dynamic information routing between cortical areas plays a critical role in many cognitive
functions. Such dynamic communication is considered to be evoked by coherence between
neural activities between the sending and receiving areas with multiple frequencies. In the spatial
working memory task, for instance, a specific increase in gamma-range coherence between the
hippocampus (HPC) and medial prefrontal cortex (mPFC) is observed. The theta-range
coherence between the same areas, in addition, is also observed in the anxiety-evoked task. Thus,
the same anatomical circuit, namely HPC and mPFC, is involved in the different cognitive tasks



with multiple-frequency communication. How the multiple-frequency communication in
different tasks can be implemented in the neural system is an important question.

Neural dynamics in local circuits are dependent on different types of neurons. Parvalbumin (PV)-
expressing neurons are involved in the faster oscillations, whereas somatostatin (SOM)-
expressing neurons are involved in the slower oscillations. Vasoactive intestinal peptide (VIP)-
expressing neurons are related to the information gating by regulating the excitatory neurons
through the dis-inhibitory circuit. Can these different inhibitory neurons generate the multiple-
frequency communication in different tasks? If so, what condition is most suitable for the
communication?

In this presentation, we develop a detailed neural circuit model including three types of
inhibitory neurons (PV, SOM, and VIP neurons) in addition to the excitatory neurons. By using
this detailed model, we found that the intermediate state between the synchronous and
asynchronous states is suitable for the multiple-frequency communication. The weak connection
strength from PV to SOM neurons realizes the intermediate state.
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Abstract: Stress during specific period of development results in structural and functional
hippocampal deficits across diverse mammalian species, including humans and rodents. The



hippocampus undergoes intense microglial-mediated synaptic pruning during the 2"9-3" weeks
of life, a process that is necessary to support normal hippocampal function later in life. Using
limited bedding (LB) paradigm, as a model mouse of early adversity, we found a significant
impairment in the ability of microglia to engulf synaptic material in vivo and ex vivo in the
hippocampus of 17-day old pups. Impairment in this phagocytic activity was closely linked to
reduced microglial ramification and lower surface expression of the Triggering Receptor
Expressed on Myeloid Cells 2 (Trem2) and was seen in both males and females. Abnormal
synaptic pruning was associated with the retention of large number of immature spines and
reduced density of functional synapses that persisted in juvenile (P33) mice despite
normalization of microglial morphology and capacity to engulf synaptic material. Together,
these findings suggest that transient perturbation of microglial-mediated synaptic pruning during
the 2" and 3" weeks of life contributes to abnormal hippocampal-dependent deficits seen in
mice exposed to LB.
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Abstract: Synaptic plasticity allows the central nervous system (CNS) to incorporate new
sensory experiences and information, and its disruption is associated with many neurological and
psychiatric disorders. Much recent work has focused on the contribution of non-neuronal CNS
cells, especially microglia, to synaptic plasticity. Though classically thought of in their immune
capacities, microglia are vital to many homeostatic processes, including synaptic plasticity of
nascent and adult neuronal networks. Despite the emerging consensus that microglial dynamics
are critical to brain function during physiological as well as pathological conditions, it is unclear
whether these microglial roles and their underlying mechanisms are universal or differ between
brain regions. There is a growing body evidence to suggest microglia exhibit a high degree of



regional specialization; existing on a continuum from homeostatic (cortex) to immune vigilant
(cerebellum) even in the absence of pathological stimuli. Indeed, cerebellar microglia exhibit
unique transcriptional and epigenetic profiles, and distinct functional properties, such as being
more phagocytic, morphologically less ramified and less densely distributed. As a consequence,
cerebellar microglia survey less of parenchyma than cortical microglia, but compensate for this
by undergoing frequent somatic translocations under homeostatic conditions, a phenomenon not
observed in cortex. Despite such differences, cerebellar microglia maintain common microglial
functions. Two pathways of interest to cortical microglial mediated synaptic plasticity include
noradrenergic signaling through the B2 adrenergic receptor (B2-AR) and purinergic signaling
through the P2Y 12 receptor, both of which have been shown to be critically involved in
microglial roles in synaptic remodeling and rapid chemotaxis to sites of injury. We used time-
lapse in vivo imaging through a chronic cranial window preparation to visualize cerebellar
microglial surveillance and injury response while B2-AR and P2Y 12 signaling were manipulated.
We found B2-AR stimulation reduced microglial surveillance in both the cortex can cerebellum
but slightly increased cerebellar soma migration. We show that f2-AR stimulation has no effect
on the cerebellar focal injury response. Lastly, we demonstrated that P2Y12 deficiency did not
alter the response of cerebellar microglia to focal injury, unlike what is seen in cortical
microglia. These findings show that cerebellar microglia likely use a distinct set of molecular
cues to guide dynamic responses in both homeostatic and pathological conditions.
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Abstract: Neurodevelopmental disorders, such as autism spectrum disorder (ASD), are
characterized by aberrant communication, decreased sociability, and increased repetitive
behaviors. Although the etiology of ASD is complex and not fully understood, immune
dysregulation is implicated. Infants born to mothers who were ill during critical gestational
periods are at increased risk for ASD. However, not all mothers who are ill during pregnancy
deliver children with ASD, implicating maternal immune activation (MIA) as a disease “primer”,
requiring a subsequent stimulus to elicit pathology. To assess this hypothesis, we used a two-hit



model of early life immune activation. C57/B16J mouse dams were exposed to
polyinosinic:polycytidylic acid (Poly(l:C)) during midgestation to elicit an inflammatory
response and a subset of neonates from these dams were then exposed to lipopolysaccharide
(LPS) as a secondary immune challenge at postnatal day 4. In adulthood, offspring underwent
behavioral testing to assess the presence of ASD-like behaviors or flow cytometry was used to
evaluate immune cell populations in the brain and periphery. In agreement with prior work, mice
exposed to Poly(l:C) decreased social interactions in the three-chambered sociability test in both
sexes and increased repetitive behaviors on the rotarod test in male mice. However, rather than
exacerbating behavioral changes, the secondary hit of LPS rescued deficits in social and
repetitive behaviors in male, but not in female, mice. Poly(l:C) exposure increased neutrophil
populations in the spleens and lymph nodes and microglial populations in the brains of male
mice, consistent with our hypothesis that MIA leads to alterations in immunity. In agreement
with the behavioral findings, LPS exposure ameliorated increases in immune cell populations in
male mice, suggesting that this secondary immune challenge may be protective. Future research
aims to examine the mechanisms mediating the protective effects induced by a secondary
immune challenge following MIA.
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Abstract: Chronic exposure to uncontrollable stress can lead to loss of spines and dendrites in
the prefrontal cortex (PFC), a critical region that underlies working memory. The vulnerable
circuits in the PFC are normally dependent on elevated calcium signaling to support the
persistent firing needed for working memory. However, under various conditions, e.g., aging and
chronic stress, these circuits lose calcium-PKA-cAMP regulation, leading to chronically elevated
cytosolic calcium. Ex vivo studies in aged rhesus macaques and rodents have started to clarify the
underlying pathways leading to dysregulated calcium levels, specifically internal calcium release
through ryanodine receptor 2 (RyR2) residing on the smooth endoplasmic reticulum (SER). PKA
phosphorylation of RyR2 causes calcium “leak,” which occurs in cardiac muscle with stress-



induced heart failure and in postmortem Alzheimer’s disease or COVID-19 brain samples
(Alzh&Dem 18:955-965, 2022). In rodent PFC, spine loss with chronic stress is prevented by
inhibition of PKA signaling, suggesting that microglia mediated synaptic pruning may involve
elevated PKA signaling. Consistent with this hypothesis, chronic stress exposure is associated
with increased internal complexity of microglia in LII/LIII of rat mPFC (Cereb Crtx 23:1784-
1797, 2013). However, there is still much to understand about how the morphological changes of
microglia affect function and structure in the PFC. The current research utilized a genetic mouse
model, RyR2-S2808D, which causes constitutive calcium leak through a knock-in mutation. We
hypothesize that elevated chronic calcium alters microglial morphology and leads to greater
surveillance and ability to detect and phagocytose ailing synapses. Immunofluorescence of Ibal
was used to quantify microglial morphology using Image J skeleton and fractal analysis at three
months of age in LII/LI1I mPFC (n=5 per genotype). Microglial complexity was increased in the
RyR2-S2808D mice (p=0.0009), consistent with increased ramification of microglial processes.
In contrast, cell count (p=0.7185), density (p=0.2892), and span ratio (p=0.1573) did not
significantly differ between the two groups. The total endpoint per cell (p=0.2102) and total
branch length per cell (p=0.1605) did not significantly differ between the two groups. Future
research can determine how increased calcium leak leads to increased microglial complexity, and
whether this phenotype increases synaptic loss which underlies a variety of PFC cognitive
disorders.
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Abstract: Blood-brain barrier opening (BBBO) with focused ultrasound (FUS) and
microbubbles (MBs) is a noninvasive, safe, and reversible strategy for targeted drug delivery to
the brain. The primary mechanism for FUS-mediated BBBO is MB cavitation, which may be
spatially mapped to infer the volume of BBBO (Vesgo) during the procedure. Additionally,



FUS-mediated BBBO has also been shown to induce mild inflammatory responses in the brain
depending on the intensity of FUS parameters employed, and the degree of cavitation induced.
Using a novel, single imaging array configuration for FUS-mediated BBBO with ultra-short
pulse lengths (USPL) and cavitation mapping, called theranostic ultrasound (TUS), we
demonstrate the differential immunomodulatory capability of USPL to uncover the role of
microglia in BBB repair after opening with TUS. A P4-1 imaging phased array was operated by
a research ultrasound system to employ a novel pulse sequence for bilateral BBBO and power
cavitation imaging (PCI) (1.0 MPa peak-negative pressure, 1.5-10 cycle USPL, 8x10® MBs/mL),
which enabled assessment of USPL on microglia stimulation in 8-10-week-old CX3CR-167
mice, PCI pixel intensity, Vegso with T1-weighted MRI, and histological safety via hematoxylin
and eosin (H&E) staining in 8-10-week-old C57BL/6J mice. Examination of 10x-magnified
images of coronal brain sections from CX3CR-1° mice sacrificed 24 hours post-TUS BBBO
revealed USPL-dependent microglia morphology correlated with PCI signal intensity (Fig. 1A-
B) and Veeeo on Ti-weighted MRI acquired 0.5 hr (Fig. 1C-D) and 24 hrs (Fig. 1E-F) after
BBBO. Hemispheres sonicated with the 10-cycle USPL elicited congregation of microglia (Fig.
1H) surrounding regions where red blood cell extravasation (RBCE) was observed 24 hours
post-TUS on H&E-stained sections (Fig. 1J). No hemispheres sonicated with the 1.5-cycle USPL
exhibited RBCE (Fig. 11). 96 hours post-TUS, no RBCE was detected regardless of USPL (Fig.
1K-L). Analysis of microglia genomic signatures in response to USPL will provide further
insight into the effect of TUS on neuroimmune activation.
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Fig. 1: (A-B) Self-normalized power cavitation images acquired with TUS RASTA overlaid onto a pre-sonication B-mode image of the mouse brain. Average cumulative PCI
signal intensity increased 2.66-fold with an increase in USPL from 1.5 to 10 cycles. White asterisks denote the center of the target TUS focal volume. (C-D) CE T,-weighted
MRI acquired 0.5 hrs after TUS BBBO. Red square ROIls denote approximate region enlarged in (G-L). (E-F) CE T -weighted MRI acquired 24 hrs after TUS BBBO. Red
arrowhead in (F) denotes remaining permeable area of BBBO where microglia response in (H) was observed. (G-H) 10x-magnified images of GFP-fluorescing microglia.
White arrowheads in (H) depict congregations of microglia surrounding approximate regions of RBCE in (J). (I-L) 10x magnified images of H&E-stained sections from mice
sacrificed 24 hours (I-J) or 96 hours (K-L) after BBBO. Black arrowheads in (J) denote regions of RBCE.
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Title: Cns-associated macrophages and microglia respond differently to mild cortical
compression
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Abstract: Both microglia and CNS-associated macrophages (CAMs) are CX3CR1- and IBA1-
positive immune cells in the brain, making it difficult to differentiate these two cell types. Our
current study aimed to characterize differences in multiple aspects of these two cell types and
their responses to mild brain injury in mice. Firstly, single-cell RNA sequencing data indicated
that, in homeostatic conditions CAMs highly expressed Mrcl gene (encoding CD206 protein),
while microglia expressed Tmem119 (encoding TMEM119 protein) and P2ry12 (encoding
P2Y12 protein) genes. Secondly, 2-photon in vivo imaging of Cx3cr1¢¢F”* mouse brain showed
that CAMSs showed more resistant to PLX3397 ablation compared to microglia. Interestingly, by
using the Tmem119-CreER:Ro0sa26"™* transgenic mice to genetically trace and distinguish
microglia from CAMs, we found that CAMs could repopulate from residual CAMs but not
microglia. Thirdly, CAMs and microglia responded differently to mild cortical compression,
where CAMs gradually formed the honey-comb structures, while microglia gradually retracted
processes and transformed into the ameboid cells within 24h. Those honey-comb structures
which were previously proposed to be formed by microglia were actually formed by CAMs in
the superficial area of the brain such as meninges. After 4 weeks brain compression, we
surprisingly found many giant cells on the brain surface, which we believed to be CAMs
chronically adapted to the continuous cortical compression, while microglia beneath those giant
CAM cells have already returned to normal morphology. In summary, our study showed that
under physiological conditions, CAMs were molecularly different from microglia, and CAMs
pool was not replenished by microglia. After cortical compression, CAMs and microglia reacted
morphologically different both in acute and chronic phase, indicating their different functions
after brain injuries.
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Abstract: Microglia are the resident myeloid cells of the CNS, performing many roles including
pathogen detection, response to stroke or other physical damage, and elimination of dendritic
spines during memory consolidation. In opioid withdrawal, microglia sense ATP released from a
myriad of sources via binding to P2Y (metabotropic) and P2X (ionotropic) purinergic receptors.
In order to study how calcium influx into microglia changes during opioid withdrawal, we
crossed CX3CR1-ERT2Cre mice with FLEX-GCaMP6s mice, allowing for expression of a
genetically encoded calcium indicator specifically in microglia following tamoxifen treatment.
Mice were then administered fentanyl twice a day for five consecutive days by IP injection in
order to induce opioid tolerance. Following the final fentanyl injection, we performed multi-
photon imaging of microglia GCaMP6s fluoresence in coronal slices following acute
preparation. Compared to opioid naive animals, microglia from animals in the fentanyl treated
group showed increased calcium event frequency when slices were treated with naloxone. For
future studies, we plan to examine whether multiple cycles of opioid withdrawal significantly
change microglia morphology and calcium influx event frequency compared to a single
withdrawal experience. Our results suggest that purinergic receptors and purine release generally
may both warrant further study as druggable targets in the treatment of opioid use disorder.
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Abstract: The habenula-IPn circuit was recently identified as a critical brain system that
regulates the motivational properties of nicotine. Our premise is that nicotine-induced alterations
in the activity of the habenula-IPn system play a central role in the development and persistence



of the tobacco smoking habit. A unique feature of mHb neurons is their expression of
interleukin-18 (IL-18), a cytokine heavily implicated in neurodegenerative processes. IL-18 is
induced in mHb, but not in other brain sites, by acute and chronic stress. Given the unique
expression of IL-18 in mHb neurons, we hypothesize that this cytokine regulates excitotoxic
effects of nicotine. Consistent with this hypothesis, we find that 1118-/- mice are far more
sensitive than wild-type mice to excitotoxic effects of self-administered nicotine (p<0.05).
Furthermore, baseline and nicotine-induced increases in Fos were markedly higher in the IPn of
[118-/- mice compared with wild-type mice (p<0.01). As nicotine activates Fos in the IPn by
stimulating habenular inputs this suggests that 1L-18 deficiency renders mHb neurons hyper-
responsive to nicotine. The mechanisms by which IL-18 regulates these changes are unclear. A
major action of IL-18 in the brain is to control microglia activity. We find that microglia
numbers are far lower in mHb of 1118-/- mice than wild-type mice (p<0.05). These data suggest
the relationship between IL-18 and microglia may play a role in the development of nicotine
addiction.
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Title: Mycobacterium vaccae immunization in aged rats inhibits neuroinflammation via the
adaptive and innate immune systems
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Abstract: Aging is associated with shifts in immune cell populations that traffic to the central
nervous system (CNS) via the meninges. The types of immune cells, such as T cells, in the
meninges can modulate baseline neuroinflammation through interactions with microglia. With
aging, microglia acquire a primed (i.e., sensitized) phenotype that promotes excess
neuroinflammation in response to immune stimuli. Prior studies indicate that immunization with
the saprophytic bacterium Mycobacterium vaccae (M. vaccae) in aged rats limits neuroimmune
activation. However, whether M. vaccaeinfluences T cell populations and migration into the
aged brain via the meninges remains unclear. Here, adult (3 mos) and aged (24 mos) Fisher

344 x Brown Norway rats were immunized with M. vaccae or vehicle once a week for three
weeks. Five days following the final injection, tissue was collected to assess immune regulation



in the periphery, meninges, and brain. Aging led to morphological changes in microglia
consistent with a more activated phenotype in the dorsal hippocampus (e.g., greater
deramification of microglial processes and swelling of microglial somas). M. vaccae treatment
ameliorated these age-associated changes in morphology. Additionally, aging led to an increase
in evidence of T cells in the CNS as assessed by immunohistochemistry and flow cytometry.
Current experiments will determine whether M. vaccae shifts T cells populations in the aged
brain. Transcriptomic analyses on hippocampal tissue indicated that aging promotes an increase
in markers of microglia reactivity (e.g., Cd68, Ibal, Tmem119), which are ameliorated in
response to M. vaccae. Collectively, these results indicate that M. vaccae may quell
neuroinflammation and promote a less activated microglial phenotype in the aged brain. Ongoing
work will determine the role of T cells in communicating the anti-inflammatory signature
induced by M. vaccae to the CNS. Taken together, microbial-based approaches could be a
promising treatment option for mitigating age-related neuroinflammation and may lessen the risk
of developing chronic inflammatory diseases.
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Abstract: The brain extracellular matrix (ECM) is a complex network of proteins and sugars
secreted by multiple cell types that provides neurons, glia, and vasculature with structural and
biochemical support. Accumulating evidence indicates that microglia, the innate immune cells of
the brain, regulate the ECM through release of degradative enzymes, by directly engulfing ECM
proteins, and by signaling to other cell types that regulate the ECM. Several studies have shown
that aging is accompanied by region-specific changes in the abundance of specialized ECM



structures (e.g., perineuronal nets), and proteins that synthesize ECM scaffold proteins. Our
group has shown that microglia also display regional differences in their responses to aging,
raising the possibility that these cells play critical roles in determining which populations of
neurons become most vulnerable to functional decline across the lifespan. However, whether
age-associated changes in microglia, the ECM, or microglial regulation of the ECM have
protective or detrimental impacts on cognition later in life has not been clearly determined. Here,
we present findings from novel, label-free quantitative proteomics analysis of midbrain (MB)
and striatal (STR) tissue from young (n=4, 3mo) and aged (n=4, 24mo) mice that was separated
into high- and low-solubility fractions to better isolate ECM proteins. This previously
unavailable map of the aging ECM reveals age-associated increases in critical ECM
proteoglycans (e.g., aggrecan; MB fold change: 0.7, STR fold change: 4.1), link-proteins (e.g.,
hyaluronan and proteoglycan link protein 2; MB fold change: 3.3, STR fold change: 8.2), and
proteins associated with the vasculature-associated basement membrane (e.g., vitronectin; MB
fold change: 2.4, STR fold change: 1.8). These findings suggest that aging is accompanied by
dysregulation in the synthesis and/or turnover of ECM proteins and that the magnitude of these
changes varies across brain regions. These changes may critically impact brain processes the
ECM is known to regulate, including synaptic plasticity and vascular integrity. Next, using both
rodent and nonhuman primate models of brain aging, we show that age-related changes in
microglia are associated with changes in the ECM in older brains, and that these relationships
may negatively impact cognitive function. Finally, we highlight preliminary data and future
directions from ongoing experiments that combine behavioral assessments, high-resolution
imaging, molecular biology, and proteomic analyses to specifically test the hypothesis that
aberrant microglial remodeling of the ECM is a central driver of age-related memory
impairments.
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Title: Suppression of microglial p38a MAPK signaling in APPswe/PSENAE9 mice impairs
spatial performance but does not alter the pro-inflammatory profile
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Abstract: While amyloidf and tau accumulation are the primary pathologies associated with
Alzheimer’s disease (AD), other pathological processes, such as neuroinflammation, are also
involved. The mitogen activated protein kinase p38a (p38a) is expressed in multiple cell-types
throughout the brain. Accumulation of amyloid is associated with elevated p38a signaling, which
leads to increased tau phosphorylation, excitotoxicity, and altered synaptic plasticity. In
microglial cells, amyloid-mediated p38a activity induces pro-inflammatory cytokine release
which further elevates p38a signaling in other cell-types. Thus, targeting this pathway may be a
relevant therapeutic approach to ameliorate AD-associated neuroinflammation. Here, we
investigated the impact of microglial p38a suppression on cognitive function, microglial
morphology, and pro-inflammatory cytokine expression in WT (C57BL/6J) and amyloidogenic
AD model (APPswe/PSENAJE9) mice. Selective knockout (KO) of p38a in microglial cells was
induced using a Cre-Lox system under a Cx3Cr1 promoter. Briefly, WT and APPswe/PSENJE9
control (p38**) and floxed (p38 KO) mice were fed a tamoxifen diet for 28 days beginning
around 3 months of age, followed by 3 months of standard chow to allow for replenishment of
p38a-expressing peripheral cells and progression of amyloid pathology. Animals then underwent
behavioral assessment using the open field (OF), Y-maze novel spatial recognition (NSR), and
radial arm water maze (RAWM) tests. Amyloid burden, pro-inflammatory cytokine levels, and
microglial morphology in hippocampus and cortex were also assessed. Analysis of OF results
showed that APPswe/PSENdE9 mice had increased locomotion compared to WT, and no impact
of p38a KO was detected. However, RAWM measures revealed a significant effect of microglial
p38a suppression, albeit only in amyloidogenic mice, suggesting that abrogation of p38a
signaling in microglia can have deleterious effects on amyloid-associated neuropathology.
Neither genotype nor KO of p38a impacted NSR performance, amyloid burden, microglial
morphology, or the pro-inflammatory cytokine profile. While it is surprising that p38 KO
animals had worsened RAWM performance without concurrent changes in cytokine levels, it
could be that microglial p38a signaling impacts spatial learning and memory via mechanisms
that are independent of inflammatory processes. Future work will further investigate p38a
signaling in other cell-types as well as across age and sex to better characterize the role of p38a
in AD-associated neuroinflammation.
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Title: Audiogenic stress differentially regulates proliferation/transformation of glial cells in the
adult male rat’s brain.
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Abstract: Environmental noise has been described as a stressor capable to activate the HPA axis
and the stress responses. Stress and HPA axis instead regulates proliferation and the brain
inflammatory responses. Glial cells are responsible for many tasks in the brain, including the
homeostatic function. Astrocytes and microglial cells also regulate neuroinflammation through a
glial reactivity process that can lead to diminished neurogenesis and impaired cognition. Here,
we investigated if audiogenic stress is capable to affect the brain cell proliferation/survival and if
glial cells respond with transformational changes associated to gliosis. To do so, we exposed
adult male rats to a rat’s audiogram fitted adaptation of some common annoying environmental
sounds. Then, we applied immunohistochemistry in brain slices to identify changes in
proliferation, survival and glial transformation of exposed subjects. Proliferation was measured
by counting BrdU+ cells and glial transformation was determined by applying Sholl analysis in
microglia (Ibal+ cells) and astrocytes (GFAP+ cells). Partial results shows a diminished cell
survival rate and changes in glial ramification strongly dependent of the analyzed brain region.
Then, we believe that audiogenic stress may also be considered a strong modulator of the brain
proliferative and inflammatory responses.
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Abstract: Neuroendocrine responses to chronic stress promote physiological and behavioral
adaptations, in part, through glucocorticoid receptor (GR) signaling in various tissues. In
particular, GR signaling has been implicated in stress-induced structural remodeling and synapse



loss on pyramidal neurons in the prefrontal cortex (PFC). This is significant because stress-
induced synaptic loss in the PFC underlies behavioral deficits and working memory
impairments. Our recent studies indicate that GR signaling engages neuron-microglia
interactions and this contributes to synapse loss on neurons in the PFC. Despite this work, the
cell type-specific role of GR signaling in the neurobiology of stress has not been studied. Thus,
we aimed to determine how GR depletion in PFC pyramidal neurons influenced neurobiological
and behavioral responses to chronic unpredictable stress (CUS). Transgenic mice with loxP sites
flanking exon 3 of the Nr3c1 gene (GR-flox) or wild-type conspecifics received bilateral infusion
of AAV5-CaMKIla-mCherry-Cre in the medial PFC to induce selective depletion of GR in
pyramidal neurons. Immunohistology confirmed that GR-flox mice showed a significant
reduction in GR levels in mCherry+ neurons compared to wild-type mice. Further studies
showed that both wild-type and GR-flox mice had elevated plasma corticosterone levels and
reduced weight gain after exposure to CUS, suggesting that GR depletion in PFC pyramidal
neurons did not influence stress responses. In cognitive testing, we found that wild-type mice
exposed to CUS had impaired discrimination in temporal object recognition task (TOR) and that
this deficit was mitigated in GR-flox mice exposed to CUS. Other behavioral analyses such as
nest building and sucrose consumption were evaluated, with no significant results found. Recent
studies used fluorescence-activated cell sorting (FACS) and RT-PCR to examine neuron- and
microglia-specific transcriptional changes mediated by GR depletion, such as Redd1 and Csf1.
Other studies are being carried out to evaluate changes in membrane excitability of mCherry+
PFC pyramidal neurons via patch clamp electrophysiology. Further immunohistology will be
performed to quantify dendritic spine density and microglial morphology in the PFC following
CUS. Altogether, our results provide strong evidence that GR depletion specifically in PFC
pyramidal neurons attenuates neurobiological and behavioral consequences of CUS. This work
provides fundamental insight into the cell type-specific molecular mechanisms that drive the
neurobiology of stress and associated behavioral consequences.
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Abstract: Bergmann glia (BG), the radial astrocytes of the cerebellum, play pivotal roles in the
structural and functional development of the cerebellar cortex and continue to support neuronal
survival and synaptic function throughout adulthood. BG fibers guide the migration of the
excitatory granule cells and intertwine with the complex dendritic arbors of Purkinje cells (PCs),
neurons comprising the sole motor output of the cerebellum. During synaptogenesis, the
previously smooth BG fibers generate lateral projections that enwrap the developing granule
cell-PC synapses, forming microdomains which will provide ongoing synaptic support. Multiple
animal models of BG ablation present with dysregulation of neuronal migration and loss of
motor coordination, underscoring their vital role in these processes. PCs are particularly
susceptible to damage in neurodegenerative diseases, namely the ataxias, and many studies have
begun to explore BG alterations which accompany PC damage in ataxia. Our lab focuses on
Canavan disease (CD), an inherited pediatric leukodystrophy resulting from inactivating
mutations to the oligodendroglial enzyme aspartoacylase (ASPA). Without functional ASPA,
responsible for cleaving the abundant brain metabolite N-acetyl-L-aspartate (NAA), patients
with CD, as well as our murine model for the disease (“CD mice”), accumulate high levels of
brain NAA which results in extensive spongiform brain degeneration, astroglial vacuolation and
ataxia. We have shown that CD mice also present with PC dendritic simplification and spine
loss. Here, we report that perturbations to BG morphology and physiology also occur in CD
mice. We observe fragmented BG fibers, interrupted interactions between BG fibers and PC
dendrites, as well as loss of Ca?*-permeable AMPARSs and altered Ca?* dynamics in BG. In our
therapeutic model, wherein we developed an antisense oligonucleotide targeting the knockdown
of the NAA-synthesizing enzyme Nat8l, which lowers brain NAA and reverses ataxia and
Purkinje cell damage in CD mice, we also observe repair of BG and increased expression of
AMPARSs. Given the intimate structural and functional relationship between BG and PCs, it is
possible that BG damage may be a non-cell autonomous mechanism of PC degeneration in
ataxias and other neurological conditions. We are working to elucidate the temporal relationship
between damage occurring to each of these cell types during CD pathogenesis, as well as during
repair in our therapeutic model. Taken together, these findings point to dysregulation of the PC-
BG relationship as a driver for CD pathology and warrant further investigation for potential
therapeutic targets for BG repair.
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Title: Astrocytes modulate drug addiction by tonically releasing GABA through Swelll channel
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Abstract: Drug-evoked synaptic plasticity in the mesolimbic system reshapes circuit function
and drives addiction. Much work has focused on the potentiation of excitatory synaptic inputs
onto ventral tegmental area (VTA) dopamine (DA) neurons. Disinhibition, the removal of an
inhibitory brake on neuronal firing, also regulates circuit function. Recent evidence suggests that
in response to drugs of abuse, inhibitory synaptic inputs can increase DA neuron activity by
inhibiting local VTA GABA neurons. But how drug drives inhibitory transmission remains
largely unknown. By releasing gliotransmitters, astrocytes actively regulate neuronal activity and
synaptic transmission. Whether astrocytes play a role in drug-evoked inhibition of local VTA
GABA neurons and disinhibition of DA neurons is unexplored. In this study, we found that
chronic cocaine treatment in mice potentiates tonic GABA currents specifically in VTA GABA
neurons but not in nucleus accumbens (NAc) projecting DA neurons, causing a firing decrease of
VTA GABA neurons and firing increase of NAc-projecting DA neurons. Interestingly, cocaine-
induced tonic GABA currents were largely mediated by GABA release from VTA astrocytes
through GABA-permeable VVolume-Regulated Anion Channel (VRAC). Deletion of Swelll, the
only obligatory subunit of VRAC, in VTA astrocytes not only attenuated cocaine-evoked tonic
GABA currents increase but also reversed cocaine-induced firing rate changes in both VTA
GABA and NAc-projecting DA neurons. Importantly, cocaine-induced behaviors including
locomotor sensitization and conditioned-place preference (CPP) were ameliorated in VTA
astrocyte-specific Swelll knockout mice. Furthermore, specific removal of the tonic inhibition
onto VTA GABA neurons by deleting the 6 subunit of extrasynaptic GABAA receptors using in
vivo CRISPR-Cas9 genome editing also reduced the cocaine-induced changes in neuron firing
and animal behaviors. Lastly, we found that chemogenetic activation of VTA astrocytes by
expressing hM3Dg mimics cocaine-induced tonic GABA release and neuron firing changes and
enhances cocaine addiction behavior. Together, our study indicates that enhanced tonic GABA
inhibition is a novel mechanism for cocaine addiction and astrocytes play an important role in
this process by releasing GABA through the Swelll channel.
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Abstract: Lesions to the peripheral and central nervous systems (PNS, and CNS, respectively)
are followed by robust activation of innate immunity. Sciatic nerve crushing, for example,
retrogradely induces, in the spinal cord, the upregulation of classically known immune
molecules, such as the major histocompatibility complex class | (MHC-I) and Toll-like receptors
(TLRs). Specifically, MHC-I, TLR2, and TLR4 stand out, as they exhibit pleiotropic roles in the
CNS after peripheral lesions that are greatly related to synaptic plasticity. The detachment of
presynaptic terminals in apposition to the axotomized motoneurons is a constitutive response to
injury that is directly related to the glial cells which actively intermediate the process. Thus, it is
hypothesized that a signaling system is established between axotomized motoneurons and glial
cells, involving immune molecules such as MHC-1, TLR2, and TLR4. In this context, this study
aimed to evaluate the influence of TLR2 and TLR4 modulation on the motoneuron survival and
glial reactions in the spinal cord after unilateral ventral root crush (VRC). For that, 8 weeks old
female mice from different strains were submitted to VRC: TLR2 knockout, TLR4 knockout, and
C57BL/6J mice. C57BL/6J mice were further subdivided into a control group, Pam3CSK4 group
(TLR2 agonist - 5 mg/kg; i.p.; 1 hour before surgery), and LPS group (TLR4 agonist - 1 mg/kg;
i.p.; 1 hour before surgery). Seven days post-injury (dpi), the spinal cords were dissected out,
cryoprotected, frozen, and sectioned for motoneuron counting and immunohistochemistry.
Protocols concerning animal use and handling were approved by the Institutional Committee for
Ethics in Animal Use (CEUA/IB/UNICAMP, Protocol number 4458-1). The analysis of
motoneuron survival in Pam3CSK4 (p = 0.016), and LPS treated mice (p = 0.003), as well as in
TLR4 KO mice (p = 0.0003) revealed an increased susceptibility to degeneration when compared
to the control group. Additionally, microglial cells exhibited different patterns of activation, such
as increased cell number in close contact with axotomized motoneurons. In LPS and Pam3CSK4
groups, a differential morphology of activated cells, such as hyper-ramified cells, corresponding
to a higher activation degree, was more frequently found. Overall, the results described herein
suggest that the higher susceptibility of motoneurons in the initial phase after a proximal root
crush lesion is related to the modulation of TLR2 and TLR4 that initially act on the microglia.

Disclosures: L. Cartarozzi: None. A.L. Oliveira: None.
Poster

274. Astroglia: Neuron Interactions in Disease



Location: SDCC Halls B-H

Time: Monday, November 14, 2022, 8:00 AM - 12:00 PM
Program #/Poster #: 274.04

Topic: B.09. Glial Mechanisms

Support: R01DA048815
RO1AI158417
RO1AI1124682
UCR Graduate Division

Title: Effect of Toxoplasma gondii infection on neuronal extracellular vesicles

Authors: *E. TABAIE?, Z. GAO?, K. BERGERSEN?, W. ZHONG?, E. WILSON?;
!Biomed. Sci., 2Chem. Grad. Program, 3Microbiology Grad. Program, Univ. of California,
Riverside, Riverside, CA

Abstract: Infection with the obligate intracellular parasite Toxoplasma gondii leads to
Toxoplasmic encephalitis in immunocompromised patients. While T. gondii can infect any
nucleated cell, spontaneous cyst formation is only found in neurons. Cysts remain lifelong in the
host and as of now, there is no way to get rid of them. During infection, astrocytic glutamate
regulation is disrupted and extracellular levels of glutamate in the central nervous system (CNS)
reach non-homeostatic ranges. Astrocytes regulate CNS glutamate by adjusting uptake, release,
and synthesis into glutamine. Through previous work in the lab, we have found that following T.
gondii infection there is a decrease in astrocytic glutamate transporter, GLT-1, leading to a
significant increase in the concentration of extracellular glutamate, which can lead to
neurotoxicity and seizures. GLT-1 can be regulated by exosomes secreted by neurons. Exosomes
are extracellular vesicles (EVs) containing proteins, lipids, DNA, mRNA, and miRNAs. EVs are
derived from the fusion of multivesicular bodies with the plasma membrane and the extracellular
release of the intraluminal vesicles. EVs function in intercellular communication, without the
need for cellular contact. Exosomes are produced by any cell, including T. gondii. To test if
Toxoplasma induces changes in EV production during neuronal infection, the number and
concentration of EVs were measured from infected and uninfected primary murine neurons. To
test if infected neuronal EVs result in changes to GLT-1 expression, purified EVs were incubated
with primary murine astrocytes and host cell EV uptake was measured. Our preliminary results
suggest that Toxoplasma infection changes EV production from neurons. To test if these EVs are
taken up by astrocytes, EVs were labeled with PKH67, incubated with primary astrocytes, and
confocal imaging was conducted. Results suggest that neuronal EVs localize with intracellular
compartments of astrocytes. To determine possible functional changes induced by Toxoplasma-
induced EV production, RNASeq analysis of astrocytes presented with EVs from uninfected or
infected neurons will be presented. The long-term goals of this project will be to determine if
GLT-1 expression is dysregulated during Toxoplasma infection via changes in EV content with
potentially broad implications for regulation of the neuronal network during inflammation and
infection.
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Abstract: Microglia, the primary mediators of innate immune activation in the brain, are
increasingly recognized as key modulators of neuronal activity and excitability. There is growing
evidence in many neurological diseases, including traumatic brain injury (TBI), that prolonged
activation of the innate immune system can impede repair and promote disease, and it is not
understood if or how microglia’s impact on neuronal activity might contribute. One interesting
microglial subtype that may be critical in the monitoring and feedback of neuronal excitability is
the perineuronal satellite microglia. These microglia are juxtaposed adjacent to neurons with
their soma and processes entwined around the neuronal cell body. To understand how these
microglia modify neuronal excitability and change their interactions with neurons after injury,
we utilized patch clamp recordings, immunohistochemistry, light microscopy and confocal
imaging. We found an increase in the numbers of satellite microglia in the orbitofrontal cortex in
both a murine model of TBI that is associated with network hyperexcitability and behavioral
dysfunction with deficits in reversal learning several moths after TBI (p=0.0095, unpaired t-test
), as well as human tissues from donors with a history of chronic TBI (p=0.0177, unpaired t-test)
compared to sham and controls, respectively. In addition, preliminary analyses suggest increased
interactions with an inhibitory neuronal subtype that we have found exhibits selective
vulnerability with a decrease in excitability- the somatostatin-expressing (SOM+) subtype
(p=0.0051 for neuron type, repeated measures, two-way ANOVA). Whole cell recordings in
adult transgenic mice with GFP-labeled microglia (Tmem119-EGFP), utilized to record activity
in neurons adjacent to and away from satellite microglia, also indicate that satellite microglia
suppress neuronal excitability as measured by the action potential response to a series of
depolarizing current steps (p=0.0286 for satellite microglial effect, repeated measures 2-way
ANOVA ), while preliminary data suggest this relationship may be altered at chronic time points
after TBI. These findings support continued investigation of satellite microglial response and
neuronal interaction after chronic injury.
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Abstract: FK506-binding protein 51 (FKBP51), encoded by Fkbp5 gene, is a stress-inducible
protein and serves as a multi-target cochaperone that regulates several cellular pathways,
including glucocorticoid receptor, Akt and NF-«kB signaling. However, the role of FKBP51 in
neurotoxicity remained unclear. Here we used global knockout of Fkbp5 (Fkbp5-KO) in mice to
study the role of FKBP51 in glutamate excitotoxicity, a leading cause of brain damage in
epilepsy and ischemic stroke. By using intracerebroventricular (icv) injection of excitotoxin
kainic acid (KA), we found that Fkbp5-KO mice were more resistant than wild-type (WT) mice
to the KA-induced seizure, neuronal loss and astrogliosis in hippocampus and cerebral cortex, as
well as demyelination in corpus callosum and cingulum. In vitro study revealed that glia-neuron
(GN) mix cultures and neuron-enriched cultures obtained from Fkbp5-KO mice were both more
resilient to the NMDA-induced neurotoxicity compared to WT. NMDA treatment increased the
phosphorylation of Akt and NF-kB subunit p65, and the effects were enhanced in neuron-
enriched but blocked in GN mix cultures from Fkbp5-KO mice. We further established inducible
astrocyte-specific Fkbp5 conditional knockout mice to investigate the underlying mechanism of
FKBP51-mediated astrogliosis after excitotoxic injury. We found that mice with astrocytic
Fkbp5 deletion had reduced KA-induced seizure activity and astrogliosis compared to WT mice.
Together, these results suggest that FKBP51 mediates excitotoxic brain injury in both gray
matter and white matter involving regulation of astrogliosis.
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Abstract: Axonal injury triggers a variety of signaling cascades culminating in axonal
degeneration and fragmentation. Axons that are wrapped in myelin sheath, also undergo the
process of demyelination after injury. In the peripheral nervous system demyelination occurs as a
result of Schwann Cells (SCs) transdifferentiation, which is important for supporting axon
degeneration, cleaning up debris and supporting axon regenerate later on. However, how
precisely axons and SCs communicate to coordinate their reprogramming remains an open
question.We have recently published that Death Receptor (DR6) mice do not go through the
process of axonal degeneration, but have a substantial demyelination taking place (Gamage et al.,
2017). Our unpublished work reveals that knocking out an additional gene, p75NTR, together
with DR6 (n=8, 4 males and 4 females) not only preserves axons but also prevents injury
induced demyelination 14 days post injury as revealed by light and electron microscopy. This
suggests that p75NTR functionally interacts with DR6 to coordinate demyelination. Moreover,
our in vitro work shows that addition of DR6 protein to in vitro DR6-/- myelinating neurons,
actually induces demyelination (n=3). Given that DR6 is not expressed on SCs, but is expressed
neuronally, our ongoing work investigates if axonal DR6 acts in trans on p75NTR on SCs to
trigger demyelination in response to injury in vivo and in vitro.
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Abstract: Neuroinflammation is a critical regulator of axon regeneration in both the central and
peripheral nervous systems. In the periphery, nerve injury elicits a robust regenerative program
characterized by changes in gene expression and a significant macrophage response. Immune
cells are highly plastic and undergo defined structural changes when activated. Within the dorsal
root ganglia (DRGs), we have used high-resolution, three-dimensional imaging to characterize
changes in macrophage morphology and neuro-immune interactions following sciatic nerve
injury. Within intact sciatic-projecting L4 DRGs, macrophages largely exhibit an amoeboid
morphology with a small population of elongated cells. Following sciatic nerve crush, we found
that ipsilateral, activated macrophages expand into a more complex ramified morphology
(Kalinsky et al., 2020). Here we show that these stellate-like macrophages closely interact with
the large diameter, parvalbumin expressing, sensory neurons that exhibit robust regeneration-
associated gene changes in response to peripheral injury. Three-dimensional image analysis
shows that ramified macrophages enfold the somata of regenerating sensory neurons and exhibit
extensive cell-cell contacts. Interestingly, these interactions appear to be dependent on sensory
neuron identity as ramified macrophages do not interact with C-low threshold mechanoreceptors
(tyrosine hydroxylase positive neurons). The selectivity of this interaction is not yet understood
but is conserved across distinct methods of pro-regenerative peripheral conditioning. Our results
characterize a novel neuro-immune interaction that correlates with conditioning-mediated
regeneration. This selective cell-cell interaction may play a key role in neuroinflammation-
mediated pro-regenerative signaling.
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Abstract: Injury to the adult mammalian central nervous system triggers compensatory
plasticity of spared axons - referred to as collateral axon sprouting - that can facilitate



neural recovery. The contribution of reactive astrocytes to axon sprouting remains elusive.
Here, we investigated the role of axon degeneration-reactive astrocytes in the regulation of
collateral axon sprouting that occurs in the mouse spinal cord after unilateral
photothrombotic stroke of the primary motor cortex. We identified leucine zipper-bearing
kinase (LZK) as a positive regulator of astrocyte reactivity to corticospinal axon
degeneration. Remarkably, genetic stimulation of astrocyte reactivity, via LZK
overexpression in adult astrocytes, enhanced corticospinal axon sprouting and resulted in a
trend towards improved recovery of motor function. LZK promoted the production of
astrocyte-derived ciliary neurotrophic factor (CNTF) that likely enhanced corticospinal
axon sprouting in mice with astrocytic LZK overexpression after injury. Our
demonstration that genetic stimulation of LZK-dependent astrocyte reactivity promotes
corticospinal axon sprouting provides important insights to a beneficial role of reactive
astrocytes in injury-induced axon growth, and highlights the therapeutic potential of
targeting astrocytes for neural repair.
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Abstract: Implantable recording and stimulating electrodes are valuable tools to gain insight into
the function of different brain areas, restore impaired or lost sensation, and treat symptoms of
neurological disorders. However, the long-term viability of these devices is challenged by gliosis
and neurodegeneration around the electrode in part due to inflammatory reactivity of non-
neuronal cells (e.g. microglia). Microglia are one of the first glial cells to respond to damage by
extending their processes toward the site of injury and releasing pro-inflammatory cytokines and
ultimately forming the first layer of glial encapsulation. Importantly, recent work has identified
highly dynamic interactions between microglia and neurons that are linked with neural activity.
Additionally, 2-20 Hz electrical stimulation for as short as 1 hour has been shown to promote
anti-inflammatory phenotypes in microglia. In this work we hypothesize that brief daily 1-hour



intracortical microstimulation (ICMS) at 10 Hz following electrode implantation will modulate
microglia-neuron interactions, and reduce microglial coverage of an implanted electrode. To test
this hypothesis, we developed a mouse model that expresses GFP in microglia and the red
calcium sensor, JRGECO1a, in pyramidal neurons. Next, we implanted a single-shank Michigan-
style electrode into the visual cortex of these mice to quantify microglial process and soma
dynamics and neuronal calcium activity under two-photon imaging during daily 1 hr ICMS.
Microglia and neurons were imaged for 1 hour and 40 minutes (20 min pre-ICMS, 1h ICMS, and
20 minutes post-ICMS) daily for up to 3 days after electrode insertion. We quantified neuronal
calcium activity and the volume of tissue surveilled by microglia during this time. The rate of
microglia surveillance decreased during ICMS and remained lower than pre-ICMS for at least 20
minutes post-ICMS. Additionally, neural activity increased at the onset of ICMS, but tended to
decrease throughout the 1h period. Interestingly, although the neural response to stimulation
decreased from day 0 to day 3, the rate of microglia surveillance increased. These results indicate
that ICMS may modulate microglial activity and therefore may influence the inflammatory
reactivity in the days following electrode implantation.
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Abstract: Spinal cord injury (SCI) generates local inflammation combined with neuronal and
synaptic loss, which impairs important motor and sensory functions. Immunomodulatory and
anti-inflammatory drugs have been studied in the SCI context, aiming at reducing inflammation
and enhancing neuroprotective process after the lesion. Tempol (4-hydroxy-tempo) and
dimethyl-fumarate have demonstrated significant results in terms of neuroprotection and reactive
gliosis attenuation, and their combination has been named NeuroBoost (NB). Further, another
drug combination called NeuroHeal (NH; acamprosate and ribavirin) demonstrated an important
neuroprotective role for nerve regeneration and functional recovery after injury. Our study aimed



to compare the effectiveness of NB and NH following spinal root crush. For that, adult female
C57BL/6J mice were subjected to lumbar ventral roots crush. Functional recovery was
monitored with the Catwalk system (walking track test). Further, we analyzed the survival of the
motoneurons, glial reactions, and the percentage of cell polarization. In terms of neuroprotection,
our results demonstrated that NB significantly rescued spinal motoneurons by 14 days after
injury (NB — 71%z=7%; vehicle - 60% + 8%; p=0.04). In contrast, animals treated with NH
preserved motoneurons by seven days after injury (NH — 76% £5%; vehicle - 62%+10%,
p=0.04). We observed a functional recovery after twenty-one days post-lesion in animals treated
with NB relative to the vehicle counterpart (p<0.05). However, NH-treated animals did not
present significantly functional recovery after the treatment. Glial analysis revealed a decrease in
astroglial reaction after treatment with both combinations at 7 and 28 days after treatment as
compared to vehicle animals (7d - NB — 3.08+0.39; vehicle — 4.4+1.06, p=0.007, 28d - NB —
1.82+0.53; vehicle - 5.02+1.06, p=0.0003; 7d - NH — 3.04+0.83; vehicle — 4.4+1.06, p=0.031,
28d- NH — 2.27+0.45; vehicle — 5.02+1.06, p=0.0007). We also demonstrated a decrease in A1
and A2 astrocytes after the treatment with NB and NH. A reduction in microglial reaction was
observed in NB-treated animals (NB — 3.43£1.43; vehicle — 5.91+1.91, p=0.04), with an increase
in M2 profile after the treatment. Further, macrophage analysis demonstrated that NH-treated
animals present an increase in M1 macrophage and a decrease in M2 profile after twenty-eight
days of treatment. Both combinations show a decrease in Th1l lymphocytes after treatment. In
summary, the present data suggest that the NB combination is neuroprotective and produces
immunomodulation following root crush lesion, leading to an A2/M2 polarization earlier than
the NH counterpart.
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Abstract: Proper motor cortical circuit functions critically rely on precisely tuned synaptic
excitation and inhibition executed by excitatory glutamatergic pyramidal neurons and gamma-
aminobutyric acid (GABA)-releasing inhibitory interneurons. In particular, GABAergic
interneurons play fundamental roles in refining and temporally sharpening the glutamatergic
response of layer V pyramidal neurons. Microglia, the brain resident macrophages, are involved
in shaping neuronal circuit function by surveilling neuronal microenvironment and pruning
synapses. The small molecule inhibitor PLX5622, targeting the colony-stimulating factor 1
receptor (CSF1R), critical for microglia development and survival, provides a rapid and
sustained depletion of microglia. In this study, we depleted microglia in a mouse model of
multiple system atrophy (MBP29) administering PLX5622 for 12 weeks. While PLX5622
treatment protected MBP29 mice from premature death, it deteriorated their motor function. In
order to understand the underlying pathomechanisms, we analysed the effect of microglia
depletion on motor cortical GABAergic interneuron signalling in 4-months old MBP29 mice.
Using an immunofluorescence approach we assessed the density of calretinin+ (CALR) and
parvalbumin+ (PV) GABAergic interneuron subpopulations within the motor cortex (n=5/group,
sex-matched). Neocortical GABAergic and glutamatergic synapses were characterized by
quantifying pre- and postsynaptic protein levels using Western Blotting (n=4/group, sex-
matched). MBP29 mice displayed an increased number of CALR+ GABAergic interneurons
within the motor cortical layers I1-V upon PLX5622 treatment while the P\V+ GABAergic
interneuron cell density remained unaltered. PLX5622 treatment did not restore decreased
neocortical presynaptic protein levels (e.g. SNAP-25, synaptotagmin and synaptophysin).
Furthermore, PLX5622 treatment increased glutamatergic synapse specific postsynaptic protein
levels (e.g. PSD-95 and GIluA2) within the neocortex of MBP29 mice. Collectively, these results
imply that the synaptic balance of GABA and glutamate is shifted toward glutamate within the
neocortex of both MBP29 mice and MBP29 mice treated with PLX5622. As CALR+
interneurons predominantly target neighbouring PV+ and calbindin+ GABAergic interneurons,
the concomittant increase in CALR+ GABAergic interneuron cell density in MBP29 mice
treated with PLX5622 may promote the motor cortical disinhibition of layer V pyramidal
neurons. Consequently, an altered pyramidal neuron output might be linked to the deterioration
of motor functions in MBP29 mice treated with PLX5622.
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Abstract: With have demonstrated with a computational model of astrocytic energy metabolism
the theoretical plausibility that this type of biomolecular network could code information about
stimuli, in addition to its known functions in cellular energy and carbon balance. Results from
simulations showed how a metabolic pathway can capture the intensity and duration profiles of a
neuromodulator and respond in a dose-dependent manner, including with non-linear state
changes that are similar to action potentials (Coggan JS et al., 2022). Such a mechanism can
therefore translate information about external stimuli to production profiles of energy-carrying
molecules such as lactate with better than realized precision. In a similar way, we now extend
this concept to propose that the metabolic state-machines formed from these spatially
discontiguous yet interdependent metabolic cascades of enzymatic reactions may quantitatively
reflect or mediate the effects of disease-state changes. These networks might be able to codify a
cell’s internal state and allow them to report pathological signals or mutations. As a proof of
concept, we employed the model to examine perturbations in a biomolecular network that reflect
known clinical abnormalities in brain energy metabolism. This hypothesis might provide a new
tool for analysis and prediction of disease state phenomena or control of desired product
outcomes in synthetic biological systems. Citation: Coggan et al., (2022) J Theor Biol. doi:
7;540:111090 10.1016/j.jthi.2022.111090.
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Title: Complexity of the primate astrocyte underpins diverse functions and responses to injury
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Abstract: Astrocytes play diverse roles in the CNS, ranging from homeostasis to active
regulation of neural communication. However, less is known about the molecular signatures that
drive this functional diversity across CNS evolution, beyond anatomical and spatial phenotypes.
In addition, astrocytes also drastically alter their gene expression and function after injury,
becoming reactive astrocytes (RAs). Traditionally considered to be functionally homogenous,
recent advances are challenging this view. Here, we investigated the gene expression signatures
of astrocytes and their correlation to functional specialization.

We performed snRNAseq on astrocytes from normal (n=6; 2-4YO) and injured (n=3) nonhuman
primate (NHP; marmoset) neocortical grey matter (equal sex distribution). RAs nuclei from
injured brains were collected 7d post-stroke from the proximal infarct. Data analysis focused on
broad categorisation of astrocytes based on functional annotations, as well as interspecies
comparison to open-source mouse and human astrocyte databases. The use of NHPs offer closer
gene expression homology to humans than rodents, allowing direct comparison and translation of
our findings to ensure the highest biological and clinical relevance.

In normal brains, astrocytes could be categorised into 3 functionally distinct clusters that
partially align with the morphological (Protoplasmic, Interlaminar) and functional (Sytl1+)
categories of human astrocytes. Protoplasmic clusters were primarily associated with typical
astrocyte metabolism. Syt1+ astrocytes, conserved from rodents to humans, were associated with
bidirectional communication via glutamate synthesis and exocytosis. Primate-specific
interlaminar astrocytes bore signatures distinct from their layer 1 counterparts in rodents, driving
separate functions likely in response to a later evolutionary adaptation in more complex brains.
After focal stroke, RAs retained their pre-injury signatures. Protoplasmic RAs exhibited the most
significant diversity, comprising seven distinct clusters forming “pairs” broadly associated with
three functional categories: Increased astrocyte-specific metabolism, Response to inflammation,
& Extrinsic apoptotic signalling. This was confirmed by functional connectivity between clusters
and gene expression modules. These functions correlated to the NHP post-stroke timeline,
wherein secondary neuronal apoptosis and peripheral immune infiltration peak occur.

These findings provide new insights into the functional adaptations of astrocytes in primates,
their integrated roles in neuronal communication and their diverse response to injury.
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Title: Atypical astrocytes in the aging cortex are associated with areas of blood brain barrier
leakage and disrupted glutamate homeostasis

Authors: *M. SOMMER!?, M. ARMBRUSTER?, S. NASKAR?, S. ROBEL?, C. G. DULLAY,
!Neurosci., Tufts Univ. Sch. of Med., Boston, MA; ?Cell, Developmental, and Integrative Biol.,
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Abstract: Proper astrocyte function ensures healthy and physiological brain activity, mediated in
part by theexcitatory amino acid transporters, GLT1 and GLAST, that rapidly remove synaptic
glutamate, and aninwardly rectifying K+ channel, Kir4.1, that mediates K+ influx from the
extracellular space. Here wereport a novel astrocyte phenotype in the aging cortex in which
astrocytes lack GLT1, GLAST and Kir4.1lexpression in a focal and age-dependent manner, but
are not reactive (GFAP-negative). Previous workhas documented a similar astrocytic phenotype
following mild traumatic brain injury and has referred tothese cells as atypical astrocytes (AtAs),
but this is the first time AtAs have been reported in normalaging. Using immunohistochemical
analysis of C57BI/6 and EAAT2-tdT mice at various ages between p3and >1 year, we find that
progressively more astrocytes lose the expression of GLT1, GLAST, Kir4.1, andother astrocytic
proteins as mice age. Observed as early as P30, this loss of proteins in astrocytes is not agradual,
global change but occurs cell-by-cell, where individual astrocytes lack immunolabeling
butneighboring cells retain robust expression. Linear mixed modelling confirmed significant
regional, sex,and age effects on AtA ratios, using data from >3 mice per age group and, when
over P21, >3 mice ofeach sex. AtAs are most prevalent in the retrosplenial (RSC) and prefrontal
cortices (PFC), occurring insignificantly lower numbers in the somatosensory cortex and rarely
in the hippocampus. This phenotypeappears earlier and more abundantly in aging males than in
female mice. AtAs express the astrocytemarker Sox9, and exhibit largely normal morphology,
but do not express GFAP suggesting they are notthe result of astrogliosis. They are also negative
for the neuronal marker NeuN, the oligodendrocytemarker MBP, and the OPC maker NG-2.
Located near vasculature, AtAs are found in areas with normalage-related BBB disturbance,
which was quantified using 1V injection of fluorescently labeledcadaverine. Functional analysis
using glutamate transporter current recording and iGluSnFR imagingsuggests that glutamate
uptake is disrupted in areas where AtAs are abundant. Additionally, thisdisruption is regionally
heterogeneous in the 1-year old RSC, indicative of sporadic loss of GLT1 andGLAST. A much
higher membrane resistance is also observed in a subset of astrocytes in the RSC,consistent with
the Kir4.1 loss observed in AtAs. Future studies aim to investigate the molecularunderpinnings
of AtA generation and their functional consequences.

Disclosures: M. Sommer: None. M. Armbruster: None. S. Naskar: None. S. Robel:
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Title: A tale of two metals: cell type selectivity of zinc and copper toxicity in cerebrocortical
cultures

Authors: *J. R. GALE, K. A. HARTNETT, E. AIZENMAN;
Dept. of Neurobio. and Pittsburgh Inst. for Neurodegenerative Disorders, Univ. of Pittsburgh
Sch. of Med., Pittsburgh, PA

Abstract: Zinc, a redox-inert physiologically essential metal, has a well-established neurotoxic
profile in many model systems, and well-characterized neuronal cell death-inducing signaling
pathways. In contrast to neurons, astrocytes are highly resistant to zinc toxicity, likely as a result
of robust zinc handling processes. Copper is another important essential metal, necessary for
oxidative metabolism, antioxidant defense, and neurotransmitter synthesis. Copper, unlike zinc,
readily undergoes redox cycling, making it inherently more reactive and potentially toxic.
Indeed, a copper-mediated form of regulated cell death was recently described, appropriately
termed “cuproptosis” (Tsvetkov et al., Science 375:1254; 2022). Cuproptosis is facilitated by the
copper ionophore elesclomol. To our surprise, rat cortical neurons cultured in the presence of
astrocytes were highly resistant to copper (0-3 uM) + elesclomol (0-1puM) (Cu/Es) treatment,
showing virtually no lethality under all conditions tested. Nonetheless, high lactate
dehydrogenase (LDH) levels were present in the culture medium following Cu/Es treatment,
suggesting substantial tissue damage. Indeed, close inspection of the cultures following Cu/Es
treatment revealed a highly disrupted astrocyte layer. Elimination of the neurons in the mixed
cortical cultures with a 1 mM kainate overnight pre-treatment revealed that the Cu/Es-derived
LDH signal largely arose from the injured astrocytes. Intriguingly, these experiments also
suggested that neurons may partially protect astrocytes from Cu/Es induced toxicity. Using the
same kainate paradigm, we confirmed the highly selective nature of zinc toxicity (0-30 pM; in
the presence of 250 nM of the zinc ionophore pyrithione) towards neurons.
Immunocytochemistry further validated the selective vulnerability of cultured astrocytes to
Cu/Esc treatment. Glial fibrillary acid protein (GFAP) staining showed disruption of astrocyte
architecture at Cu/Es levels as low as 2 uM Cu/30 nM Es. In contrast, microtubule associate
protein 2 (MAP2) staining revealed normal neuronal morphology up to 2 uM Cu/200 nM Es, at
which point dendritic beading was observed, likely as a result of excitotoxic damage due to
astrocytic dysfunction. In fact, this beading could be rescued using the NMDA antagonist MK-
801 (10 uM). Current studies aim to determine the mechanism of Cu/Es-induced astrocytic
death, and to investigate the role of neuronal-glial crosstalk in this process. This work is likely



relevant to copper-induced neuronal dysfunction in Menkes and Wilson’s diseases, as well as to
age-related neurodegeneration, which has been linked to metal dyshomeostasis.
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Title: Chronic stress-induced anhedonia-like behavior can be mimicked by cortical astroglial
ablation and reversed by increased astroglial activity

Authors: *S. A. CODELUPPI*2, M. XU% Y. BANSALY?% A LEPACK* S. WILBER*, G.
SANACORA?, K. MISQUITTA!?, J. KNOCH?, M. L. CHOW?, E. SIBILLE®®*? R.S.
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of Psychiatry, Univ. of Toronto, Toronto, ON, Canada; “Dept. of Psychiatry, Yale Univ., New
Haven, CT

Abstract: Astroglia loss and decreased expression of specific markers expressed by GFAP (glial
fibrillary acidic protein)-astroglia have been found in the prefrontal cortex (PFC) of MDD
patients and rodent chronic stress models. We examined the consequences of PFC GFAP-
astroglia ablation on depressive-like behaviours and potential reversal of chronic stress-induced
deficits by enhancing PFC GFAP-astroglia activity. GFAP-cre mice infused in the PFC with
AAV5-DOI-CMV-DTR (diphtheria toxin (DT) receptor) were behaviourally assessed following
i.p. injection with DT for anhedonia- and anxiety-like behaviors. We found that PFC astroglial
ablation induced significant anhedonia- but not anxiety-like deficits. We also infused wild-type
mice with an AAV5-GFAP-DREADD(designer receptor exclusively activated by designer
drug)Gq in the PFC to activate GFAP-astrocytes upon clozapine-N-oxide administration. While
PFC GFAP activation had no effects at baseline (no stress condition), it reversed only anhedonia-
like deficits induced by chronic stress exposure. Current work focuses on validating increased
astroglia activity using Ca2+ fiberphotometry and delta Fos staining. Our results demonstrate
that cortical GFAP- astroglia loss is sufficient to induce anhedonia and that chronic stress-



induced anhedonia-like deficits can be reversed by increased GFAP-astroglia activity. This
suggests a critical role of astroglia in the expression and the treatment of key symptoms of MDD.
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Title: Astrocytic GluN2C-containing NMDA receptors in the nucleus accumbens regulates
cocaine-induced behavior and plasticity

Authors: *G. P. SHELKAR, P.J. GANDHI, J. LIU, S. M. DRAVID;
Pharmacol. and Neurosci., Creighton Univ., Omaha, NE

Abstract: Abstract: Drugs of abuse, such as cocaine, lead to neural adaptations in the nucleus
accumbens which underlie their addictive and reinforcing properties, and NMDA receptors play
a critical role in these neuroadaptations. Recent studies have demonstrated the expression of
NMDA receptors in non-neuronal cells including astrocytes. Here, we demonstrate the
expression of GIUN1/2A/2C NMDA receptor currents in astrocytes in the nucleus accumbens
core. We found that selective ablation of the GIuN1 subunit from astrocytes in the nucleus
accumbens but not the medial prefrontal cortex enhanced extinction of cocaine preference
memory. In contrast, astrocytic NMDA receptors did not affect cocaine conditioning or
reinstatement. Cocaine conditioning upregulated GIuN2C subunit expression, and GIuN2C but
not GIuUN2D subunit-containing NMDA receptor deletion facilitated extinction of cocaine
memory. Furthermore, intra-accumbal administration of DQP-1105 (GIuN2C/2D NMDA
receptors antagonist) facilitated extinction of cocaine memory. Importantly, we found that
several cocaine-induced neuroadaptations, including dendritic spine maturation and AMPA
receptor subunit plasticity were under the control of astrocytic NMDA receptors. Impaired
cocaine-mediated GIuA1 subunit plasticity in GIluN2C knockout was mediated by
downregulation of neuronal pentraxin and astrocytic glypican 4/6. Together, these results
identify a novel astrocytic NMDA receptor-mediated mechanism underlying the maintenance of
cocaine-conditioned memory and neuroplasticity.
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Title: Mu-opioid receptors in astrocytes are important for morphine withdrawal
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PLETNIKOVA, M. J. MORALES, M. V. PLETNIKOV;
State Univ. of New York, Buffalo, Buffalo, NY

Abstract: Astrocytes have been implicated in responses to acute and chronic effects of opiates
by changing their morphology and/or physiology. While astrocytes express mu-opioid receptors
(MOR), the role of astrocyte MOR in mediating behavioral effects of morphine remains
understudied. We evaluated the effects of astrocyte-restricted deletion of MORSs in a series of
behavioral tests, including morphine withdrawal, by selectively deleting in astrocytes the Oprm1l
gene that encodes MOR-1. To generate mice with conditional deletion of Oprm1 (Oprml cKO),
Aldh111-CreERT2 BAC transgenic mice were crossed with Oprm1™ and conditional
recombination in astrocytes was induced by tamoxifen treatment in one-month old mice. While
no genotype-dependent changes were observed in locomotor activity, anxiety, novel object
recognition, the acute analgesic effects of morphine or morphine-produced conditional place
preference, Oprm1 cKO mice exhibited significantly increased naloxone-precipitated aversion
compared to controls. Brain astrocytes isolated from Oprm1 cKO mice exhibited significantly
elevated oxidative phosphorylation compared to control mice. These findings suggest that
astrocyte MOR-1 could be involved in a homeostatic regulation of the endogenous opioid system
via a functional link to oxidative phosphorylation in astrocyte mitochondria. We propose that
astrocytes may provide new potential targets for ameliorating aversive states produced by opioid
withdrawal.
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Title: Astrocytic HIV-1 Nef expression and cocaine reduce glutamate transporters and increase
cocaine-seeking behavior in rats

Authors: *J. PLA-TENORIO, B. VELAZQUEZ-PEREZ, M. CRUZ-RENTAS, G.
RODRIGUEZ-TORRES, M. COLON-ROMERO, M. SEPULVEDA-ORENGDO, R. J. NOEL;
Ponce Hlth. Sci. Univ., Ponce, PR

Abstract: Cocaine use prevalence is higher in HIV-infected individuals and can contribute to the
vulnerability and development of HAND. Both cocaine and HIV proteins contribute to neuronal
damage during HAND progression through dysregulation of glutamate homeostasis in the brain.
Part of the dysregulation is due to the reduction of astrocytic proteins such as glutamate
transporter (GLT-1) and cystine/glutamate antiporter (xCT). When HIV replication is well-
controlled with HIV treatment (CART), the neurotoxic HIV-1 Nef protein is more likely to cause
pathology than other viral proteins. Nef is an early HIV viral protein expressed in approximately
1% of infected astrocytes. Even without measurable viral replication, astrocytic Nef expression
could contribute to continued neuronal degeneration. In this study, we focus on the possible
intersection of HIV-1 Nef neurotoxicity and cocaine consumption by examining the role of
astrocyte Nef expression on glutamate homeostasis. We hypothesized that combined cocaine
exposure and astrocytic Nef expression would exacerbate glutamate excitation inducing
neurophysiological changes that strengthen synaptic transmission and reinforce cocaine-seeking
behavior. To test this, we infused a lentiviral vector expressing Nef with a GFAP promoter into
the nucleus accumbens (NAc), an important structure involved in the development of cocaine
abuse, or a control vector into male and female Sprague Dawley (SD) rats (n=24). Five weeks
after recovery, we injected the rats intraperitoneally with one dose of cocaine or saline and
collected NAc tissues 24 hours later for molecular analysis. Protein bands of GLT-1 showed a
significant decrease in glutamate transporter expression in Nef, cocaine, and Nef + cocaine
groups compared to the control group (p<0.05). Expression of XxCT only demonstrated a trend
possibly decreasing in the cocaine group alone compared to the control group (p=0.07). RNA
analysis of GLT-1 and xCT demonstrated no differences between the groups. Another group of
male SD rats (n=12) was subjected to a behavioral paradigm of short-access cocaine self-
administration and extinction. Preliminary data showed that rats with Nef expression in the NAc
seem to have an increased cocaine-induced seeking behavior (p=0.06) compared to the control
group. Currently, we are performing another group of rats for a cocaine-self administration
experiment to have enough data for a reliable statistical analysis. In conclusion, our results
suggest a convergence of HIV-1 Nef and cocaine in glutamate dysregulation and neurotoxicity
that may explain the increase in cocaine seeking.
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Title: A causal role of cytokine-mediated inhibition of astrocyte gap junction coupling in
temporal lobe epilepsy
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Abstract: Antiepileptic therapies mainly target neurons, but a high proportion of temporal lobe
epilepsy (TLE) patients do not respond adequately to treatments and none of the available drugs
cure the disorder. Consequentially, new therapeutic strategies and targets are urgently needed.
We have previously shown that in hippocampal tissue from TLE patients with sclerosis (TLE-
HS), surviving glia completely lack gap junction coupling. In a mouse model of TLE-HS, we
further demonstrated that uncoupling and the resulting impairment of K* clearance temporally
precede neuronal death and the onset of spontaneous seizures, suggesting a causal role in the
development of epilepsy. Our recent Western blot and mass spectrometric analyses revealed that
the early disruption of gap junctional coupling between astrocytes is not caused by reduced
levels of gap junction proteins but by changes in the phosphorylation status of Cx43. Activation
of astrocytic tumor necrosis factor receptor 1 (TNFR1) by the soluble form of the
proinflammatory cytokine TNFa was found to mediate the posttranslational modification of the
gap junction protein. Indeed, specific inhibition of sSTNFa as well as genetic/pharmacological
inactivation of TNFR1 protected astrocytes from seizure-induced uncoupling. Remarkably,
inhibition of sSTNFa also yielded significant antiepileptic and antiepileptogenic effects in our
animal model. These effects were much less pronounced in transgenic mice lacking astrocyte gap
junction proteins, demonstrating that astrocyte coupling is a major determinant of the
antiepileptic/antiepileptogenic activity of sSTNFa inhibition. Together, these data indicate that
elevated levels of TNFa after an initial epileptogenic event trigger disruption of astrocytic gap
junction coupling, which in turn plays a key role in the development and progression of TLE.
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Title: Uncovering the Role of Astrocytic Potassium Uptake in Glutamate Dynamics using the
Controlled Cortical Impact Model of Traumatic Brain Injury
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2Neurosci., 'Tufts Univ. Sch. of Med., Boston, MA: 3Neurosci., Tufts Univ., Boston, MA

Abstract: Glutamate, the primary excitatory neurotransmitter in the central nervous system, is
essential for normal brain function. In the healthy brain, once released from neurons, glutamate
is transported into astrocytes by the excitatory amino acid transporters (EAATS) GLT-1 and
GLAST. Previously, using iGluSnFR-based glutamate imaging and electrophysiology in the
healthy adult mouse cortex, our lab has shown that glutamate uptake slowed up to threefold
following bursts of neuronal activity. We suspect that this occurs when neuronal activity causes
focal increases in extracellular potassium ([K*]e). This increase in [K*]e drives local astrocyte
depolarization, causing voltage-dependent inhibition of EAATSs and prolonging extracellular
glutamate transients. Dysregulation of both EAATS and astrocytic K+ uptake, mediated by the
K* channel Kir4.1, can both contribute to disrupted glutamate dynamics, but the exact role these
channels and transporters play is unknown. We hypothesize that EAATS, drive uptake while
Kir4.1 shapes activity-dependent slowing of glutamate. In this study, we employed the controlled
cortical impact (CCI) model of TBI in mice. It is well known that following TBI, astrocytes
become “reactive” changing their morphology, protein expression, and function. Additionally,
micro dialysis studies from individuals suffering from TBI reveal that the extracellular
concentration of glutamate is elevated both before and during seizure onset. Three days after
injury in our CCI model we found significantly elevated glutamate decay time constants and
increased peak glutamate response in acute cortical slices. This effect was decreased 7 and 14
days after injury. Activity-dependent slowing of glutamate uptake was largely similar in the
healthy and injured brain for all time points. Western blot, immunohistochemistry, and single-
cell RNA sequencing data show significantly decreased levels of EAATSs 3 days after TBI, while
Kir4.1 expression remains unchanged after injury. GLT1 expression levels return to baseline 7
and 14 days after injury. These results support our model and demonstrate that TBI induces
changes in glutamate uptake via decreased EAAT expression, but activity-dependent slowing of
uptake is unchanged as Kir4.1 levels are not altered by TBI. Digging deeper into this mechanism,
we will employ a floxed Kir4.1 mouse model and an astrocyte-specific Cre-virus to conditionally
knockout Kir4.1. Using immunohistochemistry, iGIuSnFR imaging, EEG, Genetically Encoded
Voltage Indicators (GEVIs), and single-cell patch-clamp, we will further investigate the direct
effect of potassium buffering on glutamate dynamics.
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Title: Deletion of PLCnl in the lateral habenula astrocytes lead to reduced gliotransmission and
depression-like behavior in mice.

Authors: *S. SONG, J. LEE, M. KANG, T. JUNG, B. KIM, J. KIM;
Korea Brain Res. Inst., Korea Brain Res. Inst., Daegu, Korea, Republic of

Abstract: The lateral habenula (LHb) is an epithalamic brain structure that sends strong
projections to the monoaminergic system of the midbrain. Growing body of evidence suggests
that the imbalance of neural activity (hyperactivity/hypoactivity) in the LHDb is responsible for
several psychiatric disorders including depression, and this suggests that certain molecular and
intercellular interactions between LHb cells including neuron and glia may be required to
maintain its balanced activity. In this respect, we asked for the role of phospholipase Cn1
(PLCn1) in the lateral habenula astrocyte, in neural and behavioral modulations utilizing Cre-
loxP system. We found that an astrocyte-specific deletion of PLCn1 reduced tonic glutamate
current in the lateral habenula. Furthermore, the deletion impaired extrasynaptic long-term
depression of the LHb neurons, which is dependent of the ambient glutamates outside of the
perimeter of synapses. In addition, the immobile time during a forced swim test is significantly
increased in the LHb astrocyte-specific PLCn1 KD mice, without changes in anxiety and
cognitions. These findings suggest that the PLCn1 in LHb astrocytes maintains neural plasticity
and balanced activities and keeps the organism from abnormal mood disorders and provide a
novel therapeutic target for depression.
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Title: Astrocyte-targeted CaMPARI2 as a novel tool to assess effects of cocaine on calcium
signaling in nucleus accumbens astrocytes
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“Behav Neurosci, NIH/NIDA, Baltimore, MD

Abstract: Intracellular calcium dynamics provide a primary means of signaling within
astrocytes. The significance of astrocyte calcium signaling includes bidirectional communication
with neurons and governance of neural function, which has been implicated in the regulation of
complex behaviors. Reflecting the diverse roles for astrocyte calcium, there are distinct
mechanisms and spatial domains of calcium within the cell body and peripheral processes.
However, despite the substantial evidence for fundamental roles for astrocyte calcium in the
cellular mechanisms of brain function and behavior, little is known about how drugs of abuse
affect astrocyte calcium signaling (see Corkrum et al., 2020; O’Donovan et al., 2021; Wang et
al., 2021). This is a particularly salient question, given the increasing evidence that astrocytes
within the reward circuitry are chronically impaired both in structure and function following
rodent drug self-administration (Testen et al., 2017, Kim et al., bioRxiv 2022.04.06.487393).
Further, limitations of existing methods of calcium monitoring present significant hurdles toward
assessment of astrocyte calcium elevations associated with behavior in deep brain structures in
rat. Toward that challenge, we have developed two novel AAVs which express the
photoconvertible, ratiometric calcium indicator CaMPARI2 (Moeyaert et al., 2018) under control
of the astrocyte-specific GFaABC1D promoter, to allow irreversible marking of calcium-
activated astrocytes. One variant is cytosolic and expressed primarily in the cell body, localized
to primarily report somatic calcium elevations; in contrast, the membrane-associated Lck-fusion
variant can report calcium elevations within the fine peripheral processes. Both variants
demonstrate reliable, astrocyte-restricted expression in the nucleus accumbens. We further
confirm and quantify photoconversion of astrocyte Lck-CaMPARI2 upon calcium stimulation in
acute slices of nucleus accumbens in response to ATP, dopamine D1 receptor agonist SKF
38393, and direct application of cocaine. Ongoing studies are designed to characterize
photoconversion of calcium-activated astrocytes in vivo in response to cocaine administration.
Astro-targeted CaMPARI2 may be applied toward investigation of astrocyte calcium responses
across a broad field of cells both in slice and in awake, behaving animals, imaged at high
resolution, and with multiplexed assessment of gene and protein expression.
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Abstract: The hyperhomocysteinemia (HHcy) diet model of small cerebral vessel disease
exhibits vascular inflammation, cerebral hypoperfusion, impaired neurovascular coupling,
synapse dysfunction, and cognitive decline. Pathological changes in astrocyte structural features
have also been noted, but functional astrocyte phenotypes have not been characterized. Here, we
examined the Ca2+ transients from different morphological features of individual astrocytes and
astrocyte networks in response to stimulation of the barrel cortex of fully awake mice pretreated
with either a control or HHcy diet. Adult C57/BL6 mice were fed for 15 weeks with control
chow or chow deficient in vitamins B6/B12 and enriched in methionine (HHcy diet). Mice were
injected with AAV-Gfal04-IckGCaMP6f into barrel cortex, followed by two-photon imaging to
assess GCaMP6f/Ca2+ transient activity. Baseline spontaneous activation of astrocytic Ca2+
networks was recorded, followed by air puff stimulation of contralateral whiskers (10Hz, 10 sec).
Ca2+ transient amplitudes (Af/f), rise/decay times, and number of transients, were measured for
whole cell, and perivascular regions of interest, (ROI) and averaged across the field of view
(FOV). The temporal relationship between perivascular Ca2+ transients and dilatory responses in
immediately adjacent microvessels was also investigated. Though spontaneous Ca2+ transients
were comparable in amplitude, rise, and decay across diet conditions, the number of transients
per ROI was reduced in HHcy diet mice. Whisker stimulation evoked a significant and
synchronous Ca2+ elevation among ROIs in the FOV of both diet groups. However, the number
of active ROIs and the functional connectivity between ROIs were significantly reduced in HHcy
vs. control diet mice. Despite these network deficits, evoked Ca2+ transient amplitudes in
individual ROIs were significantly larger with faster activation/decay kinetics in HHcy mice.
Initiation of Ca2+ transients at perivascular ROIs following whisker stimulation also occurred
significantly earlier, relative to peak changes in vascular tone, in HHcy mice vs. control diet
mice. The results show that diet induced vascular pathology is associated with complex changes
in astrocytic Ca2+ signaling that may trigger and/or maintain reactive astrocyte phenotypes.
Interactions between vascular smooth muscle cells and astrocytes may also contribute to
deleterious effects on cerebral blood flow and neuronal activity, leading to overall neural
dysfunction and cognitive impairment.
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Abstract: Background: The p38a MAPK (p38) signaling pathway is ubiquitously expressed in
the brain where it plays central roles in neuroinflammation, metabolism, synaptic development
and communication, and modulation of blood brain barrier integrity. Its activity in astrocytes has
largely been described as immunomodulatory; however, it has also recently been reported to
contribute to long term depression and associated behaviors. Astrocytes are also known to be
important to healthy brain aging and neuroprotection, but the specific involvement of astrocytic
p38 signaling is unclear. We therefore used conditional KO mice to determine how the loss of
p38 in astrocytes early in adulthood (3 months) affects synaptic function and cytokine expression
phenotypes in later life (20+ months).

Method: Mice were bred homozygous for floxed p38, heterozygous for a Rosa reporter, and
with or without tamoxifen-inducible Cre recombinase under control of the astrocyte aldh1l1
promoter. When animals were about 3 months of age they were placed on tamoxifen diet (400
ppm) for 4 weeks, after which they were returned to standard chow and allowed to age until 20-
24 months prior to undergoing electrophysiological endpoints or collection of brain tissue for
biochemical analyses. Electrically evoked field excitatory post synaptic potentials (FEPSPs) were
recorded in hippocampal CAL stratum radiatum in acutely prepared brain slices and cytokines
from the whole hippocampus were measured from a subset of mice that did not undergo
electrophysiological recordings.

Results: Males and females showed baseline differences in measures of 1/0O, fiber volley
amplitude, early vs. late potentiation, and paired pulse facilitation. Additionally, knockout of
astrocyte p38 generally had opposite effects on these parameters in males and females.
Interestingly, the pattern of hippocampal IL-1p cytokine levels mirrored these differences.
Conclusions: These data indicate that there may be qualitative differences in male versus female
brain aging that are differentially impacted by astrocyte p38 signaling. The implications of these
findings are currently being explored to determine the underlying mechanisms for these sexually
dimorphic effects and further determine what functional differences may exist for hippocampal-
dependent behaviors.
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Abstract: Astrocytic glutamate transporters shape synaptic transmission and prevent neuronal
excitotoxicity by quickly and efficiently clearing glutamate from the synaptic cleft. In mouse
models and human cases of Alzheimer’s Disease (AD), the astrocyte-specific glutamate
transporter (Gltl in rodents and EAAT2 in humans) is decreased. Our lab, and others, have
hypothesized that reduced astrocytic glutamate uptake leads to hyperexcitability and synapse loss
in AD. To further test this hypothesis, we used an AAV equipped with a GFAP promoter to
over-express Gltl in hippocampal astrocytes of 5XFAD mice that show characteristic signs of
astrocyte reactivity, Gltl loss, hyperexcitability, and synapse dysfunction. Compared to a control
AAYV vector (AAV-Gfa2-Luciferase), AAV-Gfa2-Gltl significantly increased the expression of
glutamate transporters in hippocampal tissue. Next, we performed electrophysiological field
recordings to examine the role of astrocyte-specific glutamate transporters in hyperexcitability
and synaptic function. Animals received injections of AAV-Gfa2-Luc in one hippocampus, and
AAV-Gfa2-Gltl in the contralateral hippocampus. Field recordings were performed to assess
excitatory postsynaptic potentials in the hippocampal CA1 stratum radiatum elicited by
stimulation of CA3 axons. We then compared within-animal differences for measures of
neuronal hyperexcitability, synaptic strength, and long-term synaptic potentiation. Results
indicate that there is more hyperexcitability in control tissues (i.e. treated with AAV-Gfa2-luc)
compared to tissues treated with AAV-Gfa2-Gltl, as evident by decreased population spike
thresholds. The results confirm that loss of glutamate transport is key “loss-of-function”
phenotype associated with reactive astrocytes in AD. Experiments to assess the impact of Glt-1
overexpression on synaptic function and plasticity are ongoing, as are measures of brain
metabolism and cognitive function.
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Abstract: Multiple sclerosis (MS) is a chronic inflammatory disease with the complex
pathogenesis driven by inflammation and axonal degeneration. Although multiple treatment
options are available for the inflammatory disease subtype of MS, finding an effective treatment
option for progressive disease form has been largely unsuccessful. Recent data suggest that the
CNS-resident cell types, astrocytes and microglia, are the key players in the MS disease
pathogenesis and disease progression. Understanding their functions in the complex
neuroinflammatory axis need to be further investigated. Bidirectional communication of glial
cells may lead to enhanced immune responses, disturbed metabolism, loss of trophic support and
axonal injury.Here we took advantage of human induced pluripotent stem cell (hiPSC) -derived
microglia and astrocytes. We induced a reactive phenotype in astrocytes with tumor necrosis
factor (TNF)-a and interleukin (IL)-1p and in microglia with lipopolysaccharide (LPS) and
interferon (IFN)-vy, and characterized their inflammatory phenotypes. Finally, we used novel
microfluidics chips to reveal their bidirectional communication in the pathogenic processes of
MS.Cytokine-stimulated hiPSC-derived astrocytes showed a typical change in morphology that
is a known hallmark of astrogliosis. In addition, astrocytes showed increased gene and protein
expression of inflammatory mediators. Moreover, hiPSC-derived microglia expressed cell type
specific markers, and showed typical microglial functions, such as phagocytosis and intracellular
calcium transients. Stimulation of microglia activated inflammatory signaling pathways and
induced secretion of inflammatory mediators. Lastly, we engineered a novel microfluidic chip
for studying the bidirectional communication of hiPSC-derived astrocytes and microglia in
controlled, compartmentalized culture environment. Co-cultures were successful and microglial
migration through the microtunnels was demonstrated and both cell types responded treatments



selectively. In conclusion, our human in vitro MS model is promising and enables interrogation
of intercellular communication between astrocytes and microglia in inflammatory environment.
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Abstract: Astroglial and neuronal calcium dynamics in response to stress in rodents

Bansal Y!, Codeluppi S*?, Knoch J*2, Muir J*, Bagot RC*°, Sibille E*?2, Banasr M3
1Campbell Family Mental Health Research Institute, Centre for Addiction and Mental Health,
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Astrocytes are ubiquitous glial cells in central nervous system that regulate synaptic transmission
and neurotransmitter recycling through bidirectional interaction with neurons. Specifically,
astrocytes respond to altered neuronal activity through changes in intracellular Ca?*
concentrations and release gliotransmitters, which in turn act on neurons. Emerging research
identify a critical role of astroglial dysfunctions in the major depressive disorder- and stress-
related synaptic deficits. Thus, investigating changes in astroglial and concomitant neuronal Ca?*
transients in response to stress may help elucidate the astroglial involvement in depressive-like
symptoms. In this study, neuronal and astrocytic Ca?* transients were recorded using
fiberphotometry in mice. Astroglial and neuronal specific adeno-associated viruses were infused
in the prefrontal cortex to record Ca?* transients using fiber optic cannula. We first investigated
the changes in astroglial and neuronal Ca®* mobilization baseline activity and reactivity to acute
stress (tail pinch and immobilization stress). Further we also examined the effects of PFC



specific astroglial activation and CaMKII specific PFC neuronal inhibition and activation using
designer receptors exclusively activated by designer drugs approach on neuronal and astroglial
Ca?" transient respectively. Current studies are focusing on examining chronic stress effects on
neuronal and astrocytic Ca®* transients. This work will allow identification of cell activity
alterations in response to stress and will shed light on the dynamic relationship between the
astrocytic and/or neuronal dysfunctions associated with stress and depression.
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Abstract: Age increases the risk for cognitive impairment and is the single major risk factor for
Alzheimer’s disease (AD), the most prevalent form of dementia in the elderly. The
pathophysiological processes triggered by aging that render the brain vulnerable to dementia
involve, at least in part, changes in inflammatory mediators. Here we show that lipoxin A4
(LXA4), a lipid mediator of inflammation resolution known to stimulate endocannabinoid
signaling in the brain, is reduced in the aging central nervous system. We demonstrate that
genetic suppression of 5-lipoxygenase (5-LOX), the enzyme mediating LXA4 synthesis,
promotes learning impairment in mice. Conversely, administration of exogenous LXA4
attenuated cytokine production and memory loss induced by inflammation in mice. We further
show that cerebrospinal fluid LXA4 is reduced in patients with dementia and positively
associates with memory performance, dementia stage, brain-derived neurotrophic factor
(BDNF), and AD-linked amyloid-beta. Our findings suggest that reduced LXA4 levels may lead
to vulnerability to age-related cognitive disorders and that promoting LXA4 signaling may
comprise an effective strategy to prevent early cognitive decline in AD.
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Abstract: Recent studies have highlighted that many genetic risk variants for Alzheimer’s
disease (AD) are predominately expressed in microglia and are associated with innate immune



responses. Among these risk genes is phospholipase C gamma 2 (PLCG2), a key signaling hub
protein that regulates immune effector function. Notably, coding missense variants in PLCG2 are
linked to altered AD risk. The hyperfunctional P522R variant of PLCG2 confers protection
against AD, and we have identified a novel variant encoding the less active M28L variant, which
is associated with elevated AD risk. However, the contribution of PLCG2 variants on AD
pathogenesis is unknown. Gene expression analysis of RNA-Seq data from human brains linked
expression of PLCG2 variants to inflammation-related pathways. To systematically explore the
effect of PLCG2 variants in AD, we created mice harboring the PLCG2 variants and crossed
them with 5xFAD amyloidogenic mice. Primary murine microglia isolated from variant mice
showed differential uptake capacity of fluorescently labeled amyloid-beta peptide. The less
active M28L risk variant disrupted protein interactions between PLCG2 and upstream signaling
elements, diminished microglial response to plaques, suppressed cytokine concentrations,
downregulated disease-associated microglial gene expression, and exacerbated plaque
deposition. Conversely, the protective, hypermorphic P522R variant altered microglial disease-
associated populations, stimulated microglial response to plaques with altered cytokine levels,
decreased plaque deposition, and ameliorated the impairment of synaptic plasticity and Y-maze
alternation. Collectively, our study provides evidence that the M28L variant had accelerated and
exacerbated disease-related pathology, while the P522R variant appeared to mitigate disease
severity and progression. Overall, our findings suggest that PLCG2 plays an important role in
AD pathophysiology.
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Abstract: Alzheimer’s disease (AD) is the main cause of dementia in the elderly and is
characterized by memory loss, social withdrawal and neurodegeneration, eventually leading to
death.

Brain inflammation has emerged as a key pathogenic mechanism in AD. We hypothesized that
oxytocin, a pro-social hypothalamic neuropeptide with anti-inflammatory properties, might be
implicated in the pathophysiology of AD, and that the oxytocin system could be a therapeutic
target in AD. To test this hypothesis, we first studied the effect of AP oligomers on oxytocin
production in vitro using hypothalamic slices and in vivo in wild-type mice. Next, we measured
oxytocin production in the APP/PS1 transgenic mouse model of AD. We evaluated oxytocin
production by quantification of hypothalamic oxytocin mRNA levels by gPCR, and found
decreased oxytocin levels in the three models, compared to controls (A in vitro: p=0.01, AB in
vivo: p<0.01, APP/PS1 mice: p=0.04, n=3-9 mice per group). We then developed and validated
a protocol to rescue brain oxytocin levels via intranasal delivery of exogenous oxytocin (p=0.03,
n=10-12 mice per group), and tested the therapeutic potential of chronic intranasal oxytocin in
aged APP/PS1. At a cellular level, we found that treatment with oxytocin reduced microglial
activation, evaluated as Ibal immunoreactivity by immunohistochemistry (p<0.01, n=7-9 mice
per group). Behavioral tests revealed that while social and non-social memory was impaired in
APP/PS1 mice, oxytocin treatment rescued both social and non-social memory in the 5-trial
social task (p=0.01) and novel object recognition task (p=0.04), respectively (n=11-15 mice per
group). Our findings point to oxytocin as a potential therapeutic target to reduce brain
inflammation and correct memory deficits in AD.
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Abstract: Epidemiologic studies find an association between heavy alcohol consumption
and the incidence of Alzheimer’s Disease (AD), with consumption during young adulthood
possibly having a greater impact (Mukamal et al 2003, Langballe et al 2015). Therefore, we
investigated if adolescent alcohol abuse promotes progression of AD pathology with aging.
Triple transgenic-AD mice (3xTg-AD, APPS" tau™3, Psen1'™MPM) underwent either
adolescent intermittent ethanol (AIE, 5g/kg/day, i.g., 2 days on 2 days off) or water gavage
from P25-55. Mice were then left without treatment and assessed at P200, an early time
point when intraneuronal Ap and tau accumulation is beginning in this model. In female
3xTg-AD mice, AIE increased levels of the early pathologic feature of intraneuronal AB1-42 in
entorhinal cortex (ENT), subiculum, and amygdala by P200. AIE also increased levels of
phosphorylated tau-Thr181, a marker for disease progression in humans. Adolescent ethanol also
persistently reduced memory retention, locomotor activity (open-field and NORT habituation),
and increased anxiety-like behavior (thigmotaxis) in 3xTg mice. Along with increases in early
AD behavioral and protein pathology, AIE persistently increased expression of multiple
proinflammatory genes in the hippocampus, including IL-1p (7.5-fold), MCP-1 (6.7-fold), IL-6
(9-fold), and IFNa. (10-fold). Strikingly, the expression of proinflammatory genes was strongly
correlated with the levels of APi1.42 and p-tau-181 (R?=0.86 to 0.99). Therefore, we investigated
if blocking proinflammatory signaling with minocycline during AIE could prevent enhancement
of AIE pathology. Minocycline on AIE treatment days (30mg/kg) blocked ethanol-induced
increases in AP1-42 in amygdala and p-tau-181 in hippocampus and prevented AIE-induced
thigmotaxis and memory loss. To ascertain the translational relevance of these findings we
measured levels of AB1-42 and p-tau Thr181 and Ser214 in human subjects diagnosed with
AUD who began drinking during adolescence (19.2+1.3 years old onset, average age of death
48.5+3.0 years old). Similar to findings in 3xTg-AD mice, subjects with AUD had increased
levels of p-tau214 and p-taul81 in the frontal cortex (vm-PFC/BA25, 50% and 30% increases



respectively) and the hippocampus (27% and 20% increases). AP1-42 was also increased in vm-
PFC by 31%. Thus, heavy alcohol use promotes AD molecular and behavioral pathology in mice
and humans, with induction of proinflammatory signaling playing a key role. (Funded by
NIAAA)
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Abstract: Alzheimer's disease (AD) is a chronic neurodegenerative disorder with multifactorial
etiology. The role of microglia in the pathogenesis of AD has been increasingly recognized in
recent years; however, the detailed mechanisms shaping microglial phenotypes in AD-relevant
pathological settings remain largely unresolved. Myocyte-specific enhancer factor 2C (Mef2C) is
a transcription factor with versatile functions. In addition to its critical functions in muscular
cells and lymphocytes, Mef2C is emerging as a pivotal player in the maintenance of microglial
homeostasis. Patients with Mef2C loss-of-function demonstrate brain abnormalities and
cognitive deficits, and Mef2C polymorphism has been linked with increased susceptibility to
sporadic AD. Moreover, recent studies have attributed aging-related microglial changes to type |
interferon (IFN-1)-associated Mef2C deregulation. However, the functional status of microglial
Mef2C and its contribution to microglial activation in AD has never been comprehensively
investigated. In this study, we have found that suppressed Mef2C nuclear translocation was an
early and prominent microglial phenotype in a mouse model of brain amyloidosis (5xFAD
mice), which exacerbated with age. Echoing the early Mef2C deregulation and its association
with microglial activation, transcriptional data showed elicited IFN-I response in microglia from



young 5XFAD mice. Amyloid beta 42 (AB42) in its oligomeric forms promoted Mef2C
deregulation in microglia on acute organotypic brain slices with augmented microglial activation
and synapse elimination via microglial phagocytosis. Importantly, these oligomeric Ap42-
mediated microglial changes were substantially attenuated by blocking IFN-I signaling. The
simplest interpretation of the results is that Mef2C, concurring with activated IFN-I signaling,
constitutes early microglial changes in AD-related conditions. In addition to the potential
contribution of Mef2C deregulation to the development of microglial phenotypes in AD, Mef2C
suppression in microglia may serve as a potential mechanistic pathway linking brain aging and
AD.

Disclosures: L. Guo: None.

Poster

275. Neuroinflammation and Immune Responses in Alzheimer’s In Vivo Models
Location: SDCC Halls B-H

Time: Monday, November 14, 2022, 8:00 AM - 12:00 PM

Program #/Poster #: 275.07

Topic: C.02. Alzheimer’s Disease and Other Dementias

Support: NIH RO1AG018440-16A1

Title: In vivo reduction of a-synuclein improves neuro-pathological, neuro-inflammatory and
behavioral phenotypes in a mouse model of Alzheimer’s Disease

Authors: *A. LEITAO?, B. SPENCER?, C. WU? M. MANTE?, A. CONROY?, J. ALMARAJ,
J. B. FLORIO?, E. MASLIAH* R. RISSMAN!;

1UCSD Dept. of Neurosciences, La Jolla, CA; ?Neurosciences MC0624, Univ. Of California San
Diego Neurosciences Grad. Program, La Jolla, CA; ®Neurosciences, UC San Diego, La Jolla,
CA; “NIH - NIA, Bethesda, MD

Abstract: In vivo reduction of a-synuclein improves neuro-pathological, neuro-
inflammatory and behavioral phenotypes in a mouse model of Alzheimer’s Disease
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Abstract: Alzheimer’s disease (AD) is a neurodegenerative disorder characterized by the
pathological accumulation of beta amyloid (Af), Tau and a-synuclein (a-syn). The role of a-syn
has been extensively studied in Parkinson’s disease, but less so in AD. Recent studies have
shown that a-syn may also play a role in AD and its downregulation could be protective against
the toxic effects of AP accumulation. We hypothesized that selectively knocking down a-syn
improves the neuropathological, biochemical, and cognitive findings in AD.Amyloid precursor
protein transgenic (APP-Tg) mice were used to model AD and knockdown of a-syn was



performed by RNA interference. We have selectively reduced a-syn levels by stereotaxic
bilateral injection of either LV-shRNA a-syn or LV-shRNA-luc (control) into the hippocampus
of mouse lines with different disease paradigms: non-transgenic (non-Tg), APP-Tg, a-syn-Tg.
Water maze and open field testing were used to measure cognitive deficits. Biochemistry and
immunohistochemistry were performed on each hemibrain.We have successfully utilized this
strategy to down-regulate a-syn as shown by lower levels of a-syn through biochemistry and
immunohistochemistry of hemibrains of mice treated with LV-si-a-syn. Importantly, this
correlates with a significant reduction in the number of A plaques and tau, suggesting a link
between AP, tau and a-syn in pathology. Furthermore, we found that down-regulation a-syn
results in amelioration of neuropathological phenotypes of microglial activation (Ibal) and
astrocytosis (GFAP). Morris water maze and open field testing indicate that a-syn reduction
restores context dependent memory and ameliorates hyperactivity phenotypes in mouse models
of AD.Overall, this study provides evidence that a-syn downregulation improves some of the
neuropathological and cognitive deficits and could be of therapeutic value in AD.
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Abstract: Hexokinase 2 antagonism fine-tune microglial response in Alzheimer’s Disease
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Microgliosis and neuroinflammation are hallmarks of Alzheimer’s disease (AD). Pro-
inflammatory microglia meet their increased energy demand by reprogramming metabolism,
specifically, switching to favor glycolysis over oxidative phosphorylation, suggesting that



modulations of microglial metabolism might be a new therapeutic strategy for treating AD.
However, the metabolic determinants of such changes have not yet been identified. In the brains
of 5xFAD mice and postmortem brains of AD patients, we found a significant increase in the
levels of Hexokinase 2 (HK2), an enzyme which acts as the first and rate limiting step in
glycolysis. We hypothesize that microglial HK2 expression plays a key role in the
neuroinflammatory response of microglia. Accordingly, we propose that the antagonism of HK2
could reduce disease progression by blocking its transition to a neurodegenerative phenotype.We
generated mice that have a conditional deletion of HK2 gene in microglial cells by crossing
5XFAD;CX3CR1-Cre®R™ mice with mice harboring a floxed HK2 allele. Microglial deletion of
HK2 was induced with tamoxifen at two months. Three months later, we assessed HK2 cortical
levels, as well as several AD hallmarks. Similarly, we evaluated the acute effect of its
pharmacological inhibition with Lonidamine. To ascertain the biological process affected by
HKZ2 inhibition in AD, we performed transcriptomic analysis of the cortical samples with
NanoString. We determined that the increase in HK2 occurs selectively within activated
microglia associated with amyloid plaques. Here we show that the pharmacological inhibition of
HK?2 acts to modulate specific features of the microglial response, fine-tuning the resulting
phenotype that displayed reduced microgliosis but sufficient barrier formation, increase uptake
of AP and reduced expression of neurotoxic mediators. In vivo this translates in the preservation
of synaptic proteins and improved cognitive performance. Similar results were obtained in HK2-
haploinsufficient microglia in 5XFAD mice. These findings demonstrate that the upregulation of
HKZ2 in microglia contributes to their chronic pro-inflammatory activation, and its antagonism
elicits beneficial effects in a murine model of AD.
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Abstract: DNA and RNA of Herpes Simplex Virus 1 (HSV-1) were found in the brains and
serological samples of Alzheimer’s disease (AD) patients. Such molecular presence of HSV-1 in



AD patients is especially intriguing as HSV-1 virions are rarely detected in AD brains. To follow
the molecular footsteps detected, we imaged viral proteins in postmortem human AD brains at
superior resolution using expansion microscopy, a tissue manipulation method that physically
expands the samples by a factor of 4.5x, allowing a 40 nm imaging resolution, and
immunolabeled herpetic proteins, AD pathologies and cell markers. Protein levels previously
undetectable with standard methods, i.e., immediate-early herpetic protein were found across
large brain areas, while late proteins of HSV-1 were not detected. Importantly, we found that
HSV-1 immediate early proteins strongly co-localized with AD pathologies. Consequently, we
hypothesized that expression of HSV-1 proteins during latency may be linked to AD pathology.
We are now characterizing the HSV-1 proteome in AD brains by imaging key latent and non-
latent proteins in expanded AD brain slices and examining their colocalization with AD
pathologies across brain areas and disease stages. Finally, we are inducing HSV-1 latency in
human brain organoids and imaging the relationships between viral proteins and the formation of
AD pathologies via expansion microscopy. Pathogens may be triggers of immune responses
driving AD; this study would shed light on one common pathogen, HSV-1, while serving as a
framework to unveiling molecular causation between infectious agents and AD hallmarks.
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Abstract: The Ketogenic diet (KD) has been shown to increase longevity and increase cognitive
function in aging mice (PMID: 28877457, 28877458). We tested whether KD may oppose AD in
three ways, in a long-term 6 mo. KD of PSAPP Alzheimer’s mice in vivo, a short-term KD of 6
wks of aged C57B mice in vivo, and a 24hr study of human IPSC microglia driven to
inflammation by A-beta in vitro. PSAPP mice were fed for 6 months an isocaloric carbohydrate
standard chow diet or ketogenic diet. Significant increases in blood ketone Beta-hydroxy



butyrate (BHB) was observed. Long-Term Potentiation (LTP) thought to be the molecular
substrate of memory was significantly deficient in PSAPP mice on the carbohydrate standard
chow diet, but was rescued in mice on KD PSAPP mice to within wildtype levels. In these KD
PSAPP hippocampi--a significant increase in p-Creb and p-Erk pathways and pro-BDNF was
observed, these pathways are thought to support synaptic plasticity. To investigate shorter-term
KD effects, 11 month C57 mice were fed KD or CD for 6 weeks, hippocampus extracted for
nucleic acids and RNAseq performed. The KD mediated significantly stimulated hippocampal
synaptic plasticity genes (Icam5, Hsfl, Gale, Wars), reduced complement-related genes (Cast,
She, Vcaml, Serpingl), and reduced microglial inflammatory genes known to be triggered by A-
beta amyloid: SPP1, Smocl, TSPO, cyclooxygenase 1. As BHB is thought to mediate the KD’s
benefits, we tested the consequences of 24h BHB administration on human IPSC microglia in
vitro. BHB significantly reduced the A-beta-mediated rise in inflammatory markers IL-1b, IL-6,
TNF-alpha and NOS2. In summary, 6 months of KD suppresses the PSAPP-mediated loss of
LTP observed on the carbohydrate diet and stimulates synaptic genes in vivo. 6 weeks of KD
changes lipid metabolism genes in the hippocampus, inhibits microglial inflammation genes, and
stimulates synaptic genes in vivo. And 24 hr of BHB admistration strongly suppresses A-beta
mediated microglial inflammation in vitro. These data support a hypothesis in which the KD and
its mediator BHB suppress the A-beta dependent microglial hyperinflammation which may result
in ‘overpruning’ of synapses and defective short term memory consolidation.

Disclosures: J. Di Lucente: None. A. Tomilov: None. L. Jin: None. I. Maezawa: None. J.
Ramsey: None. C. Montgomery: None. J. Rutkowsky: None. J. Shore: None. K. Kim:
None. G. Cortopassi: None.

Poster

275. Neuroinflammation and Immune Responses in Alzheimer’s In Vivo Models
Location: SDCC Halls B-H

Time: Monday, November 14, 2022, 8:00 AM - 12:00 PM

Program #/Poster #: 275.11

Topic: C.02. Alzheimer’s Disease and Other Dementias

Support: R21AG073710
R56AG068089
Cure Alzheimer’s Fund

Title: Siglec family members are associated with specific subsets of microglia in a disease stage-
specific manner in AD
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Abstract: Microglia are genetically implicated in the susceptibility to the progression of
Alzheimer’s disease (AD), which has stimulated enhanced focus on these cells and their
regulatory pathways as therapeutic targets. Among several microglial genes linked to AD



susceptibility via genome-wide association studies (GWAS) is CD33, also known as sialic acid-
binding immunoglobulin-like lectin 3 (Siglec-3). Siglec-3 is likely immune inhibitory, as it has
been postulated that an excess of microglial inhibitory signals by Siglecs results in reduced
phagocytosis and exacerbated progression of proteinopathy in AD. Understanding of Siglec
regulation of microglia in AD would not only shed light on the mechanism of AD development,
but also provide new therapeutic targets for AD. Siglecs are a family of 14 transmembrane
proteins in humans. Most Siglecs are expressed on overlapping subsets of immune cells and most
Siglecs are immune inhibitory, suggesting that Siglec-3 is only the tip of the iceberg for the roles
of Siglecs and Siglec ligands in the regulation of microglia. We hypothesize that microglia
activity is modulated by specific Siglec inhibitory pathways at different stages of AD
pathogenesis. Identification of the specific Siglec pathways during AD development could open
new potential avenues for mechanism-based therapy. Here, we found that Siglec family members
are associated with specific subsets of microglia that are activated in a disease stage-specific
manner in both mouse models of AD and AD patients. For example, Siglec-F is upregulated in
response to AP pathology and is selectively expressed in AB-associated DAMs, while Siglec-
G/10 is upregulated in white-matter-associated microglia subtypes in late-stage AD. These
findings are consistent with a model that Siglec family members are associated with specific
subsets of microglia in a disease stage-specific manner in AD, and have important implications
for the identification of novel molecular targets and therapeutic strategies for the treatment of
AD.
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Abstract: The accumulation of senescent cells in aged tissues has been implicated in a variety of
age-related diseases, including cancer and neurodegenerative disorders. Recent studies have
demonstrated a link between age-associated increase of senescent glial cells in the brain and the
pathogenesis of Alzheimer’s disease (AD). However, there is a lack of in vitro cellular models of
senescent human microglia, which significantly limits our approaches to study AD pathogenesis.
Here, we report that ionizing radiation (IR) dose-dependently induces premature senescence in



HMC3 human microglial cells. Senescent microglial cells displayed the senescence-associated
secretory phenotype (SASP), as evidenced by the production of a high level of
neuroinflammatory cytokine interleukin-6 (IL-6). Phosphorylated p53 and p21 expression levels
were substantially increased in IR-induced senescent microglia compared to control proliferating
cells, suggesting a role of the p53/p21 pathway in IR-induced senescence of microglial cells.
Interestingly, we found that senescent microglia accumulate higher levels of lipid droplets (LD)
than proliferating cells. An analysis of human brain specimens using supper-resolution confocal
microscopy confirmed the accumulation of LDs in senescent microglia in the hippocampus of
AD patients compared with age-matched control subjects. Blocking of acetyl-CoA carboxylase
(ACC), a key enzyme for lipid de novo synthesis, by TOFA markedly inhibits LD formation in
senescent microglial cells. Taken together, these results suggest that ACC may play a critical role
in regulating LD formation in senescent microglia.
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Abstract: Alzheimer Disease (AD) is the most common form of dementia characterized by
progressive loss of memory and cognition. Extracellular deposition of amyloid plaque and
intracellular accumulation of tau tangles are the key pathological features of AD brains however,
treatment strategies targeting A} and tau have not resulted in a satisfactory outcome. Recent
studies provide evidence of changes in the extracellular matrix structures called perineuronal net
(PNNS) in the AD mouse models and human AD brains. PNNs are primarily composed of
chondroitin sulfate proteoglycans, tenascins, link proteins, and hyaluronan, and are known to
stabilize synapses and regulate neuronal plasticity, thereby implicated in memory and cognition.
PNNs are found in several brain regions including the cerebral cortex and hippocampus and
surround the majority of parvalbumin-expressing (PV+) GABAergic inhibitory neurons and a
small population of excitatory neurons. To establish the causal role of PNN disruption in
memory and cognitive decline, we first defined a timeline of PNN disruption in J20 and 5XFAD
models. Our immunohistochemical staining and confocal imaging results suggest that PNN
disruption precedes memory and cognitive decline in AD mouse models. To answer whether
PNN disruption is due to altered synthesis of PNN constituents or PNN remodeling agents, we



performed qPCR, western blotting, and enzyme activity assay. Our data suggest that PNN
disruption is mainly due to an increased expression and functional activity of matrix
metalloproteinase 3. The upregulation was found at an early age in the hippocampus and at a
later age in the cortex thereby following the spatiotemporal course of PNN disruption and A}
accumulation. Overall, our findings suggest that PNN disruption progresses with amyloid plaque
deposition in AD mouse models and precedes memory and cognitive decline. Preventing PNN
disruption by inhibition of ECM remodeling agents may have a positive outcome in AD-
associated memory deficits.
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Abstract: Despite the variations in clinical manifestation, many of the age-related
neurodegenerative diseases share similar pathological features, such as neurofibrillary tangles
(NFT) comprised of abnormally phosphorylated tau protein and extracellular plagues containing
amyloid-beta (AP) proteins. Microglial changes are also believed to be associated with
neurodegenerative disease as well. Recent studies suggest that loss of neuronal support from
microglia acts as a point of inflection leading to disease pathology, while others speculate that it
is a toxic gain of function that can exacerbate disease progression-whether through the secretion
of toxic cytokines or by aiding in the formation of pathology. Despite the continued innovation
of techniques such as SCRNA-Seq, histological examination of stained tissue remains the most
robust and reliable method to visualize pathology topographically in FFPE archived brains.
Using various combinations of antibodies in tandem allows for visualization of potential sub-
populations of microglia. Traditionally, immunofluorescence has been one of the most widely
used methods to visualize multiple proteins of interest within a cell, although, this method is
often limited in its efficacy and the number of targets that can be detected. However, using a
recently developed method of multiplex staining, we are able to visualize the spatial and
morphological changes taking place in microglia with more than 10 different makers in the
presence of disease-associated pathology. We are therefore curious to see what changes can be



observed in regards to the loss of homeostatic microglial markers that directly associate with
disease pathology as opposed to cells not in direct proximity to pathology. Using multiplex
staining in FFPE samples of human mid-temporal gyrus and 8 well-characterized and
commercially available antibodies, we investigated changes in immunoreactivity and microglial
morphology at various distances from plaque and tangle pathology associated with Alzheimer’s
disease. Our working hypothesis is that loss of homeostatic microglial markers and changes in
microglial morphology are related to their proximity to pathology. Understanding the changes
occurring in microglia and their spatial association to disease pathology may allow for a better
insight into the role of microglia in disease.
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Abstract: Urban air pollution exposure, including ozone (Oz3), has been associated with
increased Alzheimer Disease (AD) risk and there is recent support that urban air pollution
exposure may increase amyloid plaque pathology. However, the underlying cellular mechanisms
driving this effect are poorly understood. Astrocytes surround amyloid plaques and have been
implicated as regulators of amyloid pathology. At present, how inhaled pollutants, particularly
O3, may affect the astrocytic response is largely unknown. To begin to explore this, 10-11 week
old male 5XxFAD mice were exposed to filtered air (FA) or 1 ppm O3 for 13 weeks (4 hours/day
and 3 days/week). Analysis of ThioS-stained plaques demonstrated that Oz increases amyloid
plaque load. The total GFAP positive area and cell number were increased in the cortex of
5xFAD mice exposed to 1ppm Oz, supporting an increase in the number of cortical astrocytes.
The Nanostring GeoMx Digital Spatial Profiling (DSP) platform was used to assess multiplex



protein expression co-localized with GFAP positive astrocytes, that were either in physical
contact with amyloid plaques (plaque-associated astrocytes) or plaque distant in the cortex. DSP
analysis revealed that the expression of 16 proteins were shared regardless of plague association
phenotype or Oz exposure. When comparing plaque-associated astrocytes to plaque distant
astrocytes, 9 proteins were changed in only FA exposed mice, such as Neprilysin and Ki-67,
supporting that a baseline change in plaque-associated astrocyte proteins occurs, regardless of O3
exposure. However, only Myelin Basic Protein (MBP), CSF1R and Clec7a protein expression
was dysregulated in Oz exposed mice, suggesting that Oz exposure impedes the protein
expression changed with astrocyte plaque association. However, in direct comparison of only
plaque-associated astrocytes between FA and O3 groups, 12 proteins, including Vimentin,
GPNMB, Clec7a, MBP were upregulated with Ogz, further supporting that O3 regulates a unique
signature of protein changes around plagues-associated astrocytes and suggesting potential
changes in astrocyte interactions with microglia and myelin in the peri-plaque space. Taken
together, these findings support that the impact of Oz on astrocytes is dependent on the plaque
microenvironment and may provide much needed insight into how urban air pollution affects
amyloid pathology.
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Abstract: Loss of white matter integrity is a feature of natural aging and Alzheimer’s disease
(AD). Notably, the spread of AD pathology reflects the pattern of myelination during normal
development but in reverse (neuropathologic retrogenesis), where later myelinated brain regions
develop AD pathology before early myelinated regions. Classical neuropathologic changes in
AD (i.e. accumulation of soluble oligomeric amyloid-p) are correlated with progressive neuronal
death, but may also induce changes in the cells of the oligodendroglia lineage and damage
myelin.This project sought to elucidate the cellular responses of the oligodendroglia cells to
amyloid-p (AP) and the subsequent impact on white matter structure. Using neonatal C57BL/6]



mice, we were able to establish a variety of primary glial cultures: oligodendrocyte precursor
cells (OPC), oligodendrocytes, and oligodendrocyte-neuron co-cultures. We assessed the effects
of AB on OPC’s self-replicative ability and survival using EdU and TUNEL detection assays.
Preliminary results indicate that A may have a time-dependent effect on OPC replication,
survival, as well as differentiation. Using immunocytochemistry, we found that a small
population of OPCs exposed to 1uM A for a prolonged period of time (5 days) seemingly
switch glial fates to type Il astrocytes indicated by the loss of neuron glial 2 proteoglycan (NG2)
and A2B5 expression concomitant with the induction of expression of the glial fibrillary acid
protein (GFAP). We further investigated the effects AB may have on the myelinating role of
oligodendrocytes by creating an in vitro myelination assay utilizing an oligodendrocyte-neuron
co-culture. Neurons were visualized via expression of BacMam-GFP, while axons and myelin
were immunostained for neurofilament H (NF-H) and myelin basic protein (MBP), respectively.
To corroborate the data from the in vitro primary culture models, ex vivo organotypic brain slices
were used to further assess changes to the oligodendroglia population and the integrity of white
matter upon exposure to AB.Our preliminary results showcasing the effects of Ap on cells of the
oligodendroglia lineage and CNS white matter suggest that impaired myelin maintenance leading
to demyelination may be more prominent in AD than previously thought. Hence, characterizing
changes in white matter alterations due to AD-related pathogenesis beyond the normal aging
process is key to furthering our understanding of AD pathology.
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Abstract: Diabetes mellitus (DM) is a risk factor for the development of Alzheimer's disease
(AD), with alterations in glucose metabolism and neuroinflammation being highlighted as part of
this link. These functions are regulated by astrocytes in brain tissue. Morphological and
functional modifications of activated astrocytes occur analogously in glioma derived C6 cells. In
this study, we aimed to evaluate the effect of high glucose concentration on morphometabolic
functions and generation of hyperphosphorylated Tau (pTau) in the C6 astrocyte model. We



seeded 25000cells/cm? (for morphological assessments) and 40000 cells/cm? in DMEM medium
with a glucose concentration of 6mM (control) or 35mM (high glucose/HG) and incubated them
under standard conditions for 72 hours. The trypan blue exclusion viability assay was performed.
We evaluated the "incidence of spindle morphology", "soma/cell index" and "cell area" by taking
phase contrast photomicrographs at 20x and using image J software to analyze them. We
assessed cellular glucose uptake by measuring the residual glucose concentration (RGC) in the
culture medium in two parallel assays, we exposed both groups to a glucose concentration of 6
mM (assay A) and 35mM (assay B) for 24 hours each assay. Mitochondrial activity, intracellular
reactive oxygen species (ROS) generation and Tau protein (Tau) and pTau generation were
assessed by 3-[4,5-dimethylthiazol-2-yl]-2,5 diphenyl tetrazolium bromide assay and dichloro-
dihydro-fluorescein diacetate assay and ELISA assay respectively. Each assay was performed in
triplicate. The results were analyzed with JASP software. Similar viability (100%) and
proliferation (p=0.063) for both groups, lower incidence of spindle morphology in the HG group
(p<0.001), similar soma/cell index (p=0.1577), higher mean cell area in the HG group (p=0.
011), a similar RGC for both groups (p=0.1391) in assay A and a lower RGC in the HG group
(p=0.0240) in assay B, in addition we observed a higher mitochondrial activity in the HG group
(p<0.001), a higher intracellular ROS concentration in the HG group (p=0. 0289), a similar Tau
concentration in both groups (p=0. 220) and a higher concentration of pTau in the HG group
(p=0.020). Our findings suggest that exposure of astrocyte-like cells to HG during a subacute
lapse leads to a partial modification of cell morphology linked to hypertrophy and a regulated
increase in cellular uptake and mitochondrial glucose metabolism associated with an increase in
intracellular ROS generation that we suggest is associated with alterations in Tau processing
leading to an increase in pTau generation.
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Abstract: Background Alzheimer’s disease (AD) is the most common form of dementia
characterized by extracellular deposits of beta-amyloid and neurofibrillary tangles composed of
hyperphosphorylated Tau (pTau). Recently, large-scale genomic studies have highlighted
microglial genes as significant risk factors for developing Late-onset AD (LOAD). Inositol
polyphosphate-5-phosphatase-D (INPP5D) is associated with AD through regulation of the
innate immune system and is thought to act as a break on microglia activation. We previously
reported that elevated INPP5D expression is positively correlated with amyloid burden.
However, the relationship of INPP5D in tau pathology remains unclear. In this study, we
hypothesize that INPP5D inhibition will increases microglial function and alleviate tau
pathology. Methods To assess the role of INPP5D in tau pathology, we performed fluorescence-
resonance energy transfer (FRET)-based tau seeding assay on human LOAD brain-samples.
Furthermore, we crossed Inpp5d-deficient (Inpp5d*") mice with tau mice (PS19). Transcriptomic
analysis was completed using the NanoString nCounter assay to determine the genetic profiles
modulated by Inpp5d deficiency. Fluorescently labeled mutant Tau was utilized to measure tau
internalization in primary microglia. Results Increased tau-seeding is positively correlated with
INPP5D expression in LOAD-subjects. Increased Inpp5dexpression in PS19 mice is positively
correlated with pTau (S202/T205) levels. We observed an up-regulated immune- and cell
migration-related genes in PS19:Inpp5d* mice. Inpp5d-deficient primary microglia showed
increased tau internalization compared to wild-type microglia. Conclusion We confirmed that
elevated INPP5D expression in human LOAD subjects is recapitulated in PS19 mice, and this is
positively correlated with tau pathology. Alterations in immune- and cell-migration-related
pathways in PS19:1npp5d* mice suggest that Inpp5d modulates the disease-progression through
these pathways. Furthermore, increased tau internalization due to reduced Inpp5d expression in
microglia may attenuate tau pathology. These results suggest that therapeutic interventions aimed
at tauopathies by inhibition of INPP5D may be beneficial.
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Title: Deep spatial phenotyping of microglia in post-mortem Alzheimer’s Disease brain tissue
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Abstract: Recent high-plex single-cell transcriptomic analyses have shown remarkable
heterogeneity of microglia across neurodegenerative disease conditions and progression stages.
While single-cell RNA sequencing (SCRNA-seq) has been instrumental in revealing microglia
subpopulations, it lacks spatial information for each cell and does not provide enough insight
into potential roles of inflammatory microglia in disease progression. The scarcity of fresh
human brain tissue imposes an additional bottleneck for RNA-seq studies, whilst paraffin-
embedded tissues are widely available. To this end, the PhenoCycler spatial biology platform
permits deep single-cell phenotypic characterization of microglial cells in situ and in formalin-
fixed paraffin-embedded tissues. The PhenoCycler experiment is highly-multiplexed, affords
morphological acuity as well as an unprecedented ability to comprehensively phenotype diverse
cell types, including immune cells in the cerebral vasculature and other residents of the brain
parenchyma.

Using the PhenoCycler technology, we characterized microglial subpopulations and their spatial
biology in relationship to pathogenic features associated with Alzheimer’s Disease (AD). We
imaged 8 post-mortem tissue samples with over 25 markers and performed custom segmentation
based on nuclei or specified neuronal and/or glial markers. Our nuclei-based segmentation
identified over 500,000 single cells, while our targeted membrane-based segmentation captured
over 100,000 microglial cells. Via unsupervised clustering, we next identified multiple different
microglial subtypes with unique expression patterns of 10 inflammatory and pro-inflammatory
biomarkers. Our results show the existence of different microglial cell populations, whose
presence varies between AD and control brains. With the added segmentation of AP plaques, we
were able to identify specific microglial subpopulations that express blood-derived macrophage
markers (CD163, CD11c) in parenchymal ramified cells close to AP plaques. We also observed
that increased microglial/macrophage activation markers were correlated with the distance of the
cell to the plaques.

This study is the first to comprehensively map the spatial biology of inflammatory microglia in
post-mortem human brain tissues. Our observations will enhance our understanding of the
complex roles that are played by microglial during the onset and progression of Alzheimer’s
disease.
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Title: Role of Na/H exchanger isoform 1 in reactive astrocytes in human AD brains
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Abstract: Alzheimer’s Disease (AD) pathogenesis includes remarkedly early development of
astrogliopathology in the brain. Elevation of astrocytic marker protein, glial fibrillary acidic
protein (GFAP), in plasma and cerebrospinal fluid (CSF) has been suggested as one of early
biomarkers for AD diagnosis. Previous findings in our lab have shown that Na+/H+ exchanger
isoform 1 (NHE1) expression and activation in reactive astrocytes contribute to
neuroinflammation and cognitive function deficits in murine models of ischemic stroke and
vascular stenosis. The underlying mechanisms involve coordinated NHE1-mediated H+ efflux in
support of NADPH oxidase (NOX) signaling in production of reactive oxygen species (ROS)
and cytokines. However, whether NHE1 protein plays a role in AD-associated reactive
astrogliosis, and pathogenesis remains unknown. Using histochemistry and immunostaining
assays in control and AD patient post-mortem brain tissues with and without other comorbidities,
we first observed significantly increased expression of NHEL protein in reactive astrocytes of
AD brains, compared to controls. Elevation of NHE1 protein was detected in GFAP+ reactive
astrocytes and ~70-80 % of GFAP+ reactive astrocytes expressed NHEL protein in cortical,
hippocampal and amygdala regions of the AD brains. In quantification of reactive astrocytes
association with Amyloid-Beta (AP) in different AD brain regions, we found that reactive
astrocytes are increased in brain regions with higher A load, a well-known hallmark of AD. We
are currently examining the relationship of NHE1 expression in GFAP+ reactive astrocytes and
parenchymal A plaque pathology. These findings will reveal whether NHE1 protein in reactive
astrocytes plays a role in homeostatic dysfunction of astrocytes, neuroinflammation and AD
pathogenesis.
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Abstract: Astrocytes become reactive, promoting protection and tissue repair. However,
astroglial reactivity is typical of brain pathologies, including Alzheimer’s disease (AD).
Considering the heterogeneity of the reactive response, the role of astrocytes in the course of
different types of AD has been underestimated in humans. Interestingly, Colombia has the
largest human group known to have familial AD (FAD). This group carries the autosomal
dominant and fully penetrant mutation E280A in PSEN1, which causes early-onset AD.
Recently, our group identified an E280A carrier who did not develop FAD. The individual was
homozygous for the Christchurch mutation in APOE3 (APOEch). Since astrocytes are critical to
brain health and disease, in this study, we characterized astrocyte reactivity and structural
integrity of the gliovascular unit (GVU) that could underlie the pathogenesis or protection of AD
in the postmortem human frontal cortex of SAD, FAD and APOEch. Through histological and
3D analyses, we show that astrocytes and the GVVU are differentially altered in SAD and FAD.
Outstandingly, APOEch displayed the mildest effects despite presenting the highest burden of
amyloid B (AP). Specifically, we demonstrate that, while astrodegeneration is prominent in SAD,
and FAD is characterized by reactive-like glia, astrocytes in APOEch resemble those of controls.
We revealed that glutamate-regulatory astrocytic proteins are altered in the three conditions but
to a lesser extent in APOEch. Although we showed modification of the gliovascular
configuration and disturbance of endothelial-related proteins in AD, only SAD exhibited
structural deterioration of the vessels. In contrast, none of these gliovascular changes were
detected in APOEch. This study provides new insights into the potential relevance of astrocytes



and the GVVU in the pathogenesis of and protection against AD, and it controverts the leading
role of AP as a determinant of this disease.
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Abstract: Alzheimer’s disease (AD) is a neurodegenerative disease that can cause severe
cognitive impairments including memory loss, changes in personality, and trouble speaking.
Pathologically, it is characterized by the presence of beta-amyloid protein plaques in the brain,
and tau tangles within neurons. In addition, many AD cases have been shown to exhibit
significant neuroinflammation. What is poorly understood is whether this inflammation is
causative of neurodegeneration, or just a physiological response to other dysfunctional processes.
A big player implicated in the propagation of this neuroinflammation is an innate immune cell-
type found in the brain called microglia, which not only release neuroinflammatory markers in
response to various stimuli, but also perform phagocytosis. Recent studies have suggested that
genetic mutations in microglia can cause significant changes in the progression and outcome of



AD. One particular example of this is a genetic mutation that changes a proline residue to an
arginine in phospholipase C gamma 2 (PLCG2 P522R), which has been linked to slower rates of
cognitive decline and reduced pTauig: and tTau levels in cerebrospinal fluid. Understanding the
mechanism behind this protective action could be important for determining future therapeutic
targets, of which there are currently very few for the treatment of AD. To assess changes in
microglial function caused by alterations in the PLCG2 gene NanoString Single Molecule
Counting was used to compare inflammatory pathway signaling in PLCG2 knock out and
PLCG2 wild type mice. In addition, microglial morphology and proliferation changes were
assessed through immunohistochemical staining with Iba-1, and quantified using NearCYTE
with regional specificity. Results indicated that alterations in the PLCG2 gene can cause changes
to inflammatory pathway signaling, suggesting that PLCG2 may play a significant role in the
propagation of inflammation by microglia. In addition, loss of PLCG2 caused a reduction in
microglial proliferation and changes in cellular morphology. Studies to investigate how P522R
affects microglia phenotypes are underway. Completion of these studies will shed light on the
importance of PLCG2 in the regulation of essential microglial functions, and provide evidence to
support a prominent role for PLCG2 in the neuroimmune cross-talk underlying age-related
neurodegenerative diseases.
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Abstract: A rare P522R polymorphism in phospholipase C-y2 (Plcg2) has been reported to
associate with reduced risk against Alzheimer’s disease (AD). Plcg? is highly expressed in
microglia in the brain and is a key downstream component of TREMZ2 signaling. Hypermorphic
mutations in PLCG2 in humans lead to inflammation and autoimmune disorders, suggesting a
key role for this enzyme in the regulation of myeloid cell function. To study how the P522R
variant elicits protective effects against AD, we developed a Plcg2-P522R knock-in (K1) mouse
model using CRISPR/Cas9 gene editing. We found that Plcg2-P522R reduced multiple disease-



related phenotypes in the 5xFAD mice, including but not limited to amyloid deposition and
dystrophic neurites. Importantly, the microglia derived Plcg2-P522R mice exhibited enhanced
phagocytosis fibrillary AB. Our ongoing analysis of bulk cortical tissue and single-nuclei
transcriptomic studies of 5XxFAD/Plcg2-P522R mouse cohort will help to discern the molecular
impact of Plcg2-P522R mutation in the disease-associated microglial gene signatures as well as
similarity or differences from those modified by TREM2 loss-of-function or gene-dosage
increase. Together, our study used a novel Plcg2-P522R knockin mouse model to reveal the
preclinical benefit of this AD-protective variant in a mouse model of amyloid AD deposition,
and hence provide further credence and readouts to pursue Plcg2 in AD therapy.

Disclosures: X. Gu: None. C. Lee: None. P. Langfelder: None. A.J. De La Rocha: None. Z.
Pamonag: None. L. Ramanathan: None. W. Ge: None. A. Bhaduri: None. X. Yang: None.

Poster

276. Alzheimer's Disease and Related Dementias: Glia
Location: SDCC Halls B-H

Time: Monday, November 14, 2022, 8:00 AM - 12:00 PM
Program #/Poster #: 276.14

Topic: C.02. Alzheimer’s Disease and Other Dementias

Title: Exploring autophagy activation as a means to improve microglial lipid metabolism in
neurodegeneration

Authors: *G. T. TABOR?, D. GARZA?, A. CASHIKAR?, J. ULRICH?, J. KELLY?, D.
HOLTZMAN?;

INeurol., 2Psychiatry, Washington Univ. Sch. of Med., Saint Louis, MO; 3Chem., The Scripps
Res. Inst., La Jolla, CA

Abstract: Alzheimer Disease (AD) affects approximately 6 million people in the United States
and currently has no disease modifying therapies. AD is defined by the accumulation of amyloid
B (AP) plaques and tau tangles in the brain and it is known that alterations in the activities of glia
play important roles in shaping the disease course. Much of the polygenic risk for AD is derived
from variants in genes expressed by microglia, specifically those involved in endolysosomal and
lipid processing pathways, and microglia containing lipid droplets (LD-MG) have been observed
in post-mortem human AD brains. As previous interventions targeting A have not yet been
successful in clinical trials, the concept of modulating microglial lipid metabolism is a novel and
exciting avenue being explored in preclinical studies, however we need to know more about how
lipid metabolism governs microglial functional states. In mouse models of amyloidosis,
microglia transition from a homeostatic to a disease-associated transcriptional state that may
represent a plaque-compacting phenotype. While microglial activity may be beneficial in the
early amyloid phase of AD, pharmacological or genetic inhibition of microglia has been shown
to be protective in mouse models of tauopathy. Given recent evidence suggesting that the LD-
MG observed in aged mice have pro-inflammatory, hypo-phagocytic phenotypes, we
hypothesize that the LD-MG in AD will have similar alterations and could thus be partially



responsible for microglial contributions to neurodegeneration. To begin evaluating the
importance of microglial lipid accumulation on inflammatory phenotypes and disease
progression, we have partnered with the lab of Dr. Jeffery Kelly at the Scripps Institute to screen
a library of autophagy activating compounds that putatively function via mTOR-independent
mechanisms. An initial compound screen using the immortalized BV2 mouse microglial cell line
identified 10 compounds that promoted the clearance of at least 50% of accumulated neutral
lipids. Subsequent validation experiments confirmed that many of these compounds are also
effective at clearing neutral lipid deposits induced by myelin debris in mouse primary microglia.
Ongoing studies are aimed at identifying the molecular targets of these novel compounds, the
arms of lipid metabolism they engage, and the effects of lipid clearance on microglial
inflammatory phenotypes in AD-relevant models. Our studies will both identify molecular
targets amenable for promoting lipid flux in myeloid cells and evaluate the potential of
modulating microglial lipid metabolism for the treatment of diseases marked by aberrant lipid
metabolism like AD.
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Abstract: Alzheimer’s disease (AD) is characterized by deposition of amyloid beta (Ap) derived
from the amyloid precursor protein (APP), accumulation of neurofibrillary tangles containing
hyper-phosphorylated tau protein and neuroinflammation driven by over activation of microglia
and astrocytes. The complement pathway is a critical regulator of innate immunity and
neuroinflammation. Microglia, a major contributor to neuroinflammation and a crucial player in
AD pathogenesis, is the major cell type expressing complement C3a receptor (C3aR) in the
central nervous system. Modulating microglial response through C3aR could be a potential



approach to target disease progression. Using a C3aR Td-tomato genetic reporter line, we
identified two subpopulations of microglia, C3aR+ and C3aR-. Microglia expressing C3aR were
significantly enriched surrounding amyloid-f plaques in an APP knock-in (APP-KI) mouse
model of AD. Transcriptomic analysis of C3aR-positive microglia identified significant up
regulation of hypoxia-inducible factor (HIF-1) signaling in APP-KI mice compared to wild-type
controls. Using primary microglial cultures, we found that cells lacking C3aR have lower HIF-1a
expression and higher ATP levels. These are associated with improved receptor recycling and
phagocytic capabilities and higher resistance to hypoxia mimetic agent exposure. These results
implicate that C3aR negatively regulates microglial metabolism through the HIF-1 signaling
pathway. To validate these effects in vivo, we genetically knocked out C3arl in APP-KI mice
and found that C3aR ablation improved microglial phagocytic and clustering abilities, reduced
plaque load, and improved memory and learning. Taken together, our data indicates that
complement C3aR regulates microglial metabolism and its response to AP pathology via HIF-1
signaling and that C3aR inhibition may be therapeutically beneficial against AD.
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Abstract: Progranulin encoded by GRN is a lysosome-resident protein, which plays an important
role in neurodegeneration. In the brain, progranulin is predominantly expressed in microglia, but
also in neurons. Recently, it was shown that GRN rs5848 variant significantly associates with a
higher risk of having Alzheimer’s disease (AD). Here, we have utilized f-amyloid-positive brain
biopsy samples and monocyte-derived microglial like (MDMI) cells obtained from idiopathic
normal pressure hydrocephalus (iNPH) patients to study the effects of the GRN rs5848 variant on
microglial and B-amyloid pathology as well as functions of MDMi cells upon myelin and
lipopolysaccharide (LPS) treatments. MDMIi cells were established from the peripheral blood
monocytes of INPH patients. For quantitative immunohistochemical (IHC) analyses, brain
biopsy samples from the frontal cortex of shunt-operated iNPH patients were used. The
quantitative IHC analysis showed significant clustering of the microglia around the $-amyloid
plaques in INPH patients, who were homozygous for the GRN rs5848 variant. Interestingly, the
total B-amyloid plaque area was significantly reduced in iNPH patients with the homozygous
GRN rs5848 variant as compared to iNPH patients without the risk variant. Importantly, MDMi
cells with homozygous GRN rs5848 variant background showed an increased inflammatory
cytokine response upon LPS treatment. Finally, bulk RNA sequencing data obtained from
myelin-treated GRN rs5848 variant-carrying MDMi cells revealed differentially expressed genes
that were enriched to the pathways relevant for MHCI- and MHCII-related antigen presentation,
and interferon o, f and y responses. These results suggest that hyperactivated microglia
encompassing the GRN rs5848 variant background migrate to the sites of f-amyloid deposition
to restrict plaque growth. Consistent with this idea, both RNA sequencing and inflammatory
cytokine secretion point to an increased proinflammatory response in the cultured MDMi cells
owing to the AD-associated GRN rs5848 risk variant.
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Abstract: Introduction: Alzheimer’s disease (AD) is an age-related dementia. Recent studies
have suggested cognitive improvements due to dietary soluble fiber intake. Fiber decreases
astrogliosis (neuroinflammation), improving cognition through microbial products, like butyrate.
However, there is no sufficient data about the potential action mechanism of soluble fiber on
astrocytes activation. Methods: Four months male wild type (WT) and APP/PS1 transgenic (Tg)
mice were fed for 2 months with control diet (AIN-93), AIN-93 + 5% fructans (soluble fiber,
5%-F), or 5%-F + an antibiotic cocktail (ampicillin [1 g/I], neomycin [1 g/I], metronidazole [1
g/1], and vancomycin [0.5 g/l], diluted in drinking water [5%-F+Abx]). Spatial, working, and
recognition memory were assessed by water maze (WM), T-maze (TM), and novel object
recognition (NOR) paradigm respectively. Anxiety was evaluated by elevated plus maze (EPM).
Brain was extracted and astrogliosis was assessed by immunofluorescence (IF) against glial
fibrillary acidic protein (GFAP). Butyrate was quantified in feces by chromatography. Results:
Soluble fiber-enriched diet decreased anxiety and improved working, space, and recognition
memory scores compared to Tg AIN-93 fed animals [ANOVA, p<0.05]. Interestingly, Tg 5%-F
fed animals showed an increased concentration of fecal butyrate [ANOVA, p<0.0001], and a
decreased neuroinflammatory process [ANOVA, p<0.001] in comparison to Tg AIN-93 fed
animals. The effects of fiber disappear with the use of antibiotics. Conclusion: We demonstrated
that ingestion of soluble fiber (i.e. fructans) effectively increases the concentration of butyrate,
reduces neuroinflammation, and restores cognitive scores to control values in an AD mice
model. This work was financed by Consejo Nacional de Ciencia y Tecnologia, CONACyYT-
163235 INFR-2011-01 to J.G.-M. and Consejo Nacional de Ciencia y Tecnologia CONACYT
A1S-42600 to C.P.-C.

Disclosures: D. Cuervo-Zanatta: None. J. Garcia-Mena: None. C. Perez-Cruz: None.
Poster

277. Alzheimer's Disease: Roles of the Cerebrovasculature

Location: SDCC Halls B-H

Time: Monday, November 14, 2022, 8:00 AM - 12:00 PM

Program #/Poster #: 277.01

Topic: C.02. Alzheimer’s Disease and Other Dementias

Support: NIH Grant AG051266
NIH Grant AG059695
NIH Grant AG065651
Bright Focus Foundation Grant A2015275S
Alzheimer’s Research UK research fellowship

Title: Deposition of AB4-x proteoforms in Alzheimer’s plaques and cerebrovascular deposits is
further promoted by their enhanced brain retention properties



Authors: *J. GHISO?!, E. CABRERA!, T. LASHLEY?, A. ROSTAGNO®;
INew York Univ. Grossman Sch. of Med., New York, NY: 2Univ. Col. of London, London,
United Kingdom

Abstract: The molecular heterogeneity of Alzheimer’s AB deposits is significantly more
complex than originally anticipated, extending well beyond the classic AB1-40/AB1-42
dichotomy and being substantially expanded by the presence of multiple post-translational
modifications that exponentially increase the proteome diversity. Although N-terminal
truncations at Glu 3 and Glu 11 and their subsequent cyclation to pyroglutamate are perhaps the
modifications most extensively studied, many others have been reported, among them peptides
starting at Ala 2, Phe 4, Arg 5, and Leu 17 of AP. Species beginning at Phe 4 and bearing an
intact C-terminus are especially relevant. This truncation favors the formation of a poorly
soluble, B-sheet-rich, and aggregation-prone peptides with high amyloidogenic propensity,
requiring formic acid for extraction from brain deposits. Indeed, AB4-42 proteoforms have been
reported as a major component of amyloid plaque cores and the limited studies available seem to
indicate their relative abundance in patients with AD, Down’s syndrome, and vascular dementia.
To investigate the brain clearance characteristics of AB4-x species in comparison with full-length
APB40 and AB42, synthetic homologous were biochemically and biophysically characterized,
radioiodinated at Tyr 10 and utilized in in vivo brain clearance experiments in 5-6-week-old
C57BI/6 mice. Brain efflux of monomeric forms of all A species tested was fast, with no
significant differences in brain retention within the 60 min duration of the experiment, whereas
retention of oligomeric preparations was consistently higher than that of their monomeric
counterparts. Remarkably, retention of AB4-x truncated species was significantly greater than
that of the full-length peptides, highlighting the importance of truncated species with high
oligomerization capacity as central pathogenic elements in AD. An in-house-generated anti-Ap4-
x monoclonal 18H6 - specific for AP species starting at position 4 and blind for the full-length
AP40 and AB42 - used in double and triple immunohistochemical analysis in combination with
thioflavin S and antibodies specific for AB40 and APB42 C-termini. These studies confirmed the
presence of AB4-x in thioflavin positive parenchymal plaques, and cerebrovascular deposits, in
agreement with their amyloidogenic properties and poor clearance characteristics. Since the
process of multimerization is concentration dependent, failing to remove these oligomeric forms
of AP from the brain in likely to further exacerbate the formation of fibrillar deposits, self-
perpetuating the amyloidogenic loop and worsen amyloid-mediated pathogenic pathways
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Abstract: Pericytes, a primary component of the neurovascular unit (NVU), play a crucial role
in keeping brain homeostasis through several mechanisms including regulating cerebral blood
flow (CBF). Since the CBF volume fluctuations are modulated by sleep, we hypothesize that
pericytes might be also directly modulated by sleep and sleep deprivation (SD) may cause
damage to pericytes. Platelet-derived growth factor receptor beta (PDGFRDb) is mainly expressed
in brain pericytes and plays a critical role in pericyte functions. Shedding of soluble PDGFRb
(sSPDGFRDb) into CSF is a sensitive marker of pericyte damage. SPDGFRb was measured by
sandwich ELISA in mice CSF underwent either acute SD (ASD, 4h SD between ZT0-ZT4) or
chronic SD (CSD, 4h/day, ZT0-ZT4, for 10 consecutive days). To test if sleep enrichment will
protect pericytes, SPDGFRb was measured in narcoleptic APP/PS1 mice and age-matched non-
narcoleptic APP/PS1 mice. The results showed that one-time ASD did not significantly change
CSF sPDGFRD level (2806522 pg/ml in the control group versus 2229+374 pg/ml in the ASD
group), while CSD increased the CSF sPDGFRb level significantly (70551717 pg/ml in the
CSD group). However, 2-week recovery after CSD returned the SPDGFRb level back to normal
level (2707592 pg/ml). Compared to the non-narcoleptic APP/PS1 mice (5701+£1103 pg/ml),
age-matched narcoleptic APP/PA1 mice have a significantly reduced sSPDGFRDb level (3201+591
pg/ml). These results demonstrated that chronic prolonged waking can cause pericyte damages
which are reversible after recovery. Narcolepsy reduces the pericyte damage in Alzheimer’s
disease (AD) mice model. More studies are needed to further test whether the protective effects
of sleep on AZ are or fully, or partially mediated by the protection of brain pericytes.
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Abstract: The brain is a highly demanding organ, involving glucose and ketones as main
sources of energy. GLUT1 and MCT1 respectively transport glucose and ketones across the
blood-brain barrier. While reduced glucose uptake by the brain is one on the earliest signs of
Alzheimer’s disease, changes in the uptake of ketone bodies have not been evidenced yet. Here,
to probe for changes in GLUT1 and MCT1, we performed Western immunoblotting in
microvessel extracts from the parietal cortex of 60 participants of the Religious Orders study.
Participants clinically diagnosed with AD had lower cerebrovascular levels of GLUT1, whereas
MCT1 remained unchanged. GLUT1 reduction was associated with lower cognitive scores for
global cognition, episodic and semantic memories, and perceptual speed. No such association
were found for MCT1. Cerebrovascular levels of both transporters were not significantly
associated with age of death, AP or tau pathologies. These results suggest that, while a deficit in
GLUT1 located on the blood-brain barrier may underlie the failed transport of glucose to the
brain in AD, such a deficit was not observed for MCTL1. These results support the use of ketones
bodies as an alternative energy source for the aging brain.
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Abstract: Type 2 diabetes Mellitus (T2DM) is a major risk factor for the development of Late
onset Alzheimer’s disease (LOAD). Impairments in Insulin signaling, and vascular dysfunction
are thought to be involved in the development of LOAD in T2DM, but a potential link
connecting these pathologies is currently unknown. Here we show that the levels of endothelial
enriched protein caveolin-1 (Cav-1) is depleted in the brain microvessels of db/db (Lepr®)
diabetic mice. This reduction is correlated with reduced insulin receptors expression and altered



insulin signaling in brain microvessels as well as parenchymal cells of db/db mice. Furthermore,
impairments in insulin signaling are observed in the brains of endothelial- specific Cav-1 knock
out mice, suggesting a role of endothelial Cav-1 in regulating brain microvascular and
parenchymal insulin signaling. By utilizing brain endothelial cell cultures, we show that loss of
Cav-1 leads to reduced insulin uptake and signaling. Importantly, we show that Cav-1 interacts
with insulin receptor-f and its loss destabilizes insulin receptor localization within the plasma
membrane lipid rafts. Interestingly, restoration of Cav-1 expression in endothelial cells using
Adeno Associated Virus (AAV) expressing Cav-1, rescues impairments in insulin receptors.
Overall, our study shows that Cav-1 is essential for the regulation of insulin signaling in the
cerebrovasculature and that loss of Cav-1 can compromise insulin metabolism, leading to brain
pathology. This study unravels a novel mechanism that may underlie T2DM- induced
Alzheimer’s disease.

Disclosures: A. Shetti: None. A. Ramakrishnan: None. L. Romanova: None. W. Li:
None. K. Vo: None. 1. Voleti: None. I. Ratnayake: None. R. Minshall: None. S. Cologna:
None. O. Lazarov: None.

Poster

277. Alzheimer’s Disease: Roles of the Cerebrovasculature
Location: SDCC Halls B-H

Time: Monday, November 14, 2022, 8:00 AM - 12:00 PM
Program #/Poster #: 277.05

Topic: C.02. Alzheimer’s Disease and Other Dementias
Support: JPMJIMS2024

Title: Effect of carbon monoxide on pericytes and oligodendrocytes in chronic cerebral
hypoperfusion

Authors: *K. YASUDA, T. MAKI, R. TAKAHASHI;
Neurol., Kyoto Univ., Kyoto-shi, Japan

Abstract: [Background] Subcortical ischemic vascular dementia (SIVD) is the most common
subtype of vascular dementia. Pericytes in neurovascular unit are a key effector for the regulation
of blood-brain-barrier integrity (BBB) and cerebral blood flow. Decreased pericyte coverage
with BBB disruption is reported to precede white matter lesions with oligodendrocyte (OL) loss
after chronic cerebral hypoperfusion in a mouse model of SIVD. Previous reports have also
shown that ischemic pericytes suppress OL differentiation, while normal pericytes support OLs.
Carbon monoxide (CO) at low concentration has multiple beneficial effects for the neurovascular
unit impairment, such as the trauma-induced loss of pericytes and neuronal cells. However,
whether carbon monoxide treatment can rescue the damaged pericytes and oligodendrocytes in
SIVD remains to be investigated. [Aim] The purpose of present study is to examine the
therapeutic effects of CO on disrupted pericytes and oligodendrocytes in a mouse model of
SIVD. [Methods] We used low concentrations of CO-releasing molecule (CORM)-3 for in vitro



and in vivo experiments. For in vitro experiments, we examined the effects of CORM-3 on
mouse pericytes under ischemic conditions. WST/LDH assay and western blot analysis (WB)
were performed to assess the viability and phenotype of pericytes, respectively. For in vivo
experiments, we used a mouse model of prolonged cerebral hypoperfusion and white matter
ischemic lesions generated by bilateral common carotid arteries stenosis (BCAS). CORM-3 was
administered retro-orbitally to the BCAS-operated mice on day1 after surgery. WB and
immunohistochemistry were performed on day28 after BCAS. [Results] In vitro studies
demonstrated that CORM-3 rescued the ischemia-induced cytotoxicity of pericytes in a dose-
dependent manner, as evaluated by WST/LDH assay. WB analysis revealed that CORM-3
suppressed the ischemia-induced increase in the expressions of Hifl-a, BMP4 and MMP-9 in
pericytes. WB analysis of in vivo studies revealed that CORM-3 treatment significantly
ameliorated the decreased expression levels of myelin basic protein (OL marker) in the BCAS-
operated mice. As in the in vitro studies, CORM-3 treatment attenuated the expression levels of
Hifl-a, BMP4 and MMP-9 in the BCAS-operated mice. [Conclusions] The present study
indicated that CORM-3 rescued the loss and dysfunction of pericytes and oligodendrocytes under
ischemic conditions. Carbon monoxide treatment may provide a therapeutic approach for SIVD
by mitigating pericyte and OL damages.
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Abstract: Alzheimer’s Disease, the most common form of dementia, is characterized by the
accumulation of amyloid-beta plaques and neurofibrillary tangles formed by
hyperphosphorylated tau in the brain, leading to neuronal loss and cognitive decline. The
neurovascular unit, a complex system of several cell types surrounding brain vessels, is
extremely important for blood flow regulation, clearance of amyloid and tau, and proper brain
function. Tau aggregates are mostly produced by neurons and glial cells and can reach
endothelial cells at the vessel walls through tau spreading at astrocytic end-feet and perivascular
spaces. Therefore, tau aggregates may exacerbate cerebrovascular dysfunction, causing blood
brain barrier (BBB) permeability, endothelial cell stress and death. However, the mechanisms
responsible for the effects of tau on endothelial cells and the impact of tau aggregates on
mitochondrial microvascular dysfunction remain to be understood. Mitochondrial dysfunction is



a key pathological feature in cell stress and death pathways; for instance, mitochondria
participate in the apoptotic pathway by releasing Cytochrome C and ROS, and ATP production
is necessary for the cell to undergo programmed cell death. However, the effects of tau on
endothelial mitochondrial processes and eventual dysfunction, as well as the contribution of
tauopathy to vascular dysfunction, remain to be elucidated. We hypothesize that aggregated tau
fibrils cause mitochondrial dysfunction and alterations in bioenergetics in endothelial cells,
resulting in cell death and BBB permeability. We challenged immortalized human brain
microvascular endothelial cells (D3) with 5nM, 10nM and 25nM aggregated 1N4R tau. These
cells exhibited a reduction in trans-endothelial electrical resistance, measured through the ECIS
70 system as an in vitro model of the BBB. After 72 hours treatment, 25nM tau induced a
significant increase in apoptotic cell death, as well as secondary necrosis, yet no significant
changes in cell death were observed at 24 or 48 hours. Extracellular flux analysis (Agilent
Seahorse) of D3 cells demonstrated bioenergetic alterations starting at 24 hours of treatment.
Aggregated tau (25nM) caused an increase in glycolysis at 24 hours, which reverted at 48 and 72
hours, where mitochondrial ATP production increased. These results suggest that a metabolic
reprogramming caused by aggregated tau in endothelial cells may contribute to mitochondrial
deregulation, possibly leading to EC inflammatory activation, apoptosis, and BBB dysfunction.
This study will help providing insights into the molecular processes surrounding
neurodegeneration in the neurovascular unit.
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Abstract: Metabolic syndrome (MS) is the main cause of hyperglycemia, promoting damage to
microvascular structures that modify the blood-brain barrier (BBB) permeability and function.
MS is associated with either an increase in the accumulation of amyloid (A) in patients with
cognitive impairment and alterations in the expression of RAGE and LRP-1 transporters located



in the BBB. Receptor for advanced glycation end products (RAGE) leads AP efflux from the
brain, whereas low-density lipoprotein receptor-related protein-1 (LRP-1) transports AP in the
opposite direction. Hyperglycemia can alter the expression of these receptors in BBB;
furthermore, reversing this condition may return the receptors to normal levels. Metformin has
protective vascular and neuronal effects, preventing oxidative stress and inflammation and
improving vascular perfusion. Clinical reports demonstrate a slow down of neurodegeneration
and improved patients' cognitive abilities after metformin consumption. This work aims to
evaluate the effect of metformin on RAGE and LRP-1 levels in a murine model of MS.
Weanling male Wistar rats were fed with hypercaloric diets (high sucrose, HSD or high fat,
HFD) for 12 months to develop MS. Subsequently, metformin was administered by gastric
cannula for five weeks at 100mg/kg/day. At the end of treatment, body weight, blood pressure,
and spatial memory were determined. The animals were sacrificed, and body fat percentage,
glucose, and triglyceride levels were measured. The hippocampus was dissected to quantify
RAGE and LRP-1 levels by western blot. The results show that after 12 months of consumption
of HSD or HFD, the rats developed MS (obesity, hyperglycemia, and hypertension). After
treatment with metformin, the body weight and blood glucose levels decreased. As a result of 12
months of HSD and HFD consumption, RAGE levels increased, whereas LRP-1 decreased,;
interestingly, metformin administration reverses these changes in the HSD group. Finally, the
treatment with metformin improved spatial memory. In conclusion, metformin reversed the
metabolic alterations and the changes in RAGE and LRP-1 levels in MS rats. These changes
could explain the improvement in spatial memory by favoring the clearance of AP in the CNS.
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Abstract: Dysregulation of the gut microbiome contributes to compromised blood-brain
barrier integrity in ApoE4 transgenic mice.
Zhang M, Huuskonen MT, Sagare AP, Chakhoyan A, Kisler K, Nelson A, Wang Y, Zlokovic



BV
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Recent studies suggest that brain vascular dysfunction contributes to cognitive impairment and
Alzheimer's disease (AD). APOE4 is a major genetic risk factor for AD. APOE4 exacerbates
blood-brain barrier (BBB) breakdown and degeneration of brain vascular pericytes resulting in
dysregulation of cerebral blood flow and increased amyloid deposition, thereby affecting
neuronal function. In addition to genetic risk factors, emerging evidence suggests that the gut
microbiome is closely related to aging-associated neurodegenerative diseases including AD.
However, it remains unclear whether the gut microbiome impacts BBB integrity. We
investigated the difference in gut bacterial taxa in ApoE3 and ApoE4 transgenic mice and its
contribution to the BBB permeability by treating animals with a cocktail of antibiotics
amoxicillin-clavulanic acid through drinking water for two weeks. We found that the antibiotic-
induced alteration in the gut microbiome restored BBB integrity in ApoE4 mice as analyzed by
dynamic contrast-enhanced magnetic resonance imaging (DCE-MRI) and accumulation of
pericapillary fibrinogen deposits. Further analysis using shotgun metagenomics of fecal pellets
from before and after antibiotic treatment and analyses of inflammatory cytokines in serum
revealed disrupted balance between 3 major families including Bacteroidaceae from two
dominant phyla Bacteroidetes and Firmicutes that may contribute to the compromised BBB
integrity through elevated levels of pro-inflammatory cytokine TNF-alpha in blood

in ApoE4 transgenic mice. These preliminary findings suggest that differences in gut microbiome
between ApoE3 and ApoE4 transgenic mice may influence BBB permeability and that targeting
TNF-alpha might reduce proinflammatory activity of previously shown BBB-degrading
cyclophilin A-matrix metalloproteinase-9 pathway in pericytes which may help restore APOE4-
mediated BBB disruption in mice.

This work is supported by the Open Philanthropy grant to B.V.Z.
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Abstract: Blood-brain barrier (BBB) disruption promotes amyloid-f (AB) accumulation in the
neurovasculature that contributes to the pathophysiology of Alzheimer’s disease (AD). Clinical
researchers discovered a reduction of neurogranin (Ng) expression in postmortem brains of AD
patients. Although Ng is predominantly expressed in the neuron, we previously reported that Ng
is also expressed in the endothelial cells that contribute to the endothelial activation process.
Thus, we hypothesize that Ng is expressed in human cortical microvessel endothelial cells
(hCMEC/D3) and that depletion of Ng impacts BBB breakdown by inducing endothelial
activation. To test this hypothesis, we generated Ng knockdown in hCMEC/D3 and analyzed
Ng-mediated molecular signaling and cellular permeability change. In this study, we found that
Ng is expressed in the hCMEC/D3 and that Ng knockdown decreased AKT and mTOR activity
and increased VCAM-1 expression indicating endothelial dysfunction. Then, we measured how
the lack of Ng alters physiological responses in the BBB. Ng knockdown cells show a decreased
transendothelial electrical resistance (TEER) response, indicating that lack of Ng disrupts BBB
integrity. Moreover, we observed increased AP permeability in Ng knockdown cells compared to
mock control cells. Overall, we are the first study to explore how Ng expression in the BBB
plays an essential role in neurovasculature and BBB integrity. Our future in vivo study will
support the role of Ng in BBB integrity and the AP clearance mechanism related to AD. Our
study on the Ng mechanism will provide a better understanding of the vascular hypothesis of AD
pathophysiology.
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Abstract: Neuronal function is possible thanks to nutrients and oxygen delivered via the blood
flow in a process called neurovascular coupling. However, changes in the brain’s energy supply
may predispose to Alzheimer’s disease (AD) as cardiovascular risk factors increase AD risk,
decreases in cerebral blood flow are observed before beta amyloid accumulation and cognitive
decline, and beta amyloid accumulation may be promoted by hypoxia. The APOE4 gene is a risk



factor for AD and a cardiovascular risk factor, suggesting it may promote AD via effects on the
vasculature. To date no experiments have been able to test whether APOE4-mediated vascular
deficits really do promote AP formation, one of the hallmarks of AD, mostly due to a lack of
appropriate models and experimental designs to study the effects of ApoE and AP. To test the
interacting effect of APOE and AP on neurovascular function, we created a mouse model
containing human APOE3 or APOE4 genes and APPSwe/Ind under the control of a tet-Off
promoter. AP production is suppressed when doxycycline (dox) is administered in chow and can
be triggered by removing doxycycline from the diet. We performed a cranial window surgery
over V1 or CALl to allow us to visualise neurons and vasculature in the mouse brain using two-
photon microscopy and record haemodynamic measures using Laser Doppler Flowmetry and
haemoglobin spectrometry. In vivo recordings were done prior to AP production, then at 4-weeks
and 12+-weeks after dox diet removal. To see if AP accumulated around blood vessels, we
injected the mice with Methoxy-X04 prior to each imaging session. We performed Barnes Maze,
Novel Object Recognition and Y-maze tests at baseline, 6-8w off dox and 15-17w off dox to test
for cognitive differences. Mice were perfused with FITC-gelatine at Baseline, 6w off dox and
17w off dox. We performed immunohistochemistry for AP, hypoxia and inflammation. Net
haemodynamic measures at baseline showed that over time there is a gradual decrease in the
average levels of blood oxygen saturation (SO2). We also found that the percentage of
responsive vessels decreases over time, indicating that the lower SO2 levels might be a
consequence of the reduced ability of vessels to respond to neuronal activation. On the Barnes
maze test, APOE3 and APOE4 mice showed similar performance at baseline, suggesting the
absence of a genotype effect on cognition. However, at 6-8 weeks off dox APOE4 mice showed
longer latency times than APOE3 mice, suggesting impaired cognition due to A accumulation
in the APOE4 mice. Data collection and analysis is still ongoing.
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Abstract: Alzheimer’s disease (AD) is one of the most common and progressive
neurodegenerative disorders in the US covering about 70% of all cases of dementia. Women are
more likely to develop a rapid progression of AD than men when predictive factors such as



enhanced stroke severity are considered. Derangements in cerebral blood flow have been
recently observed alongside tau and f-amyloid accumulation in AD physiopathology. Currently,
there is no effective treatment available to prevent, attenuate, or reverse the disease, they only
treat the symptoms; therefore, innovative therapies are needed in the field. Our approach for this
study was derived from lessons learned from ischemic preconditioning. Therefore, our research
led to the investigation of using adenosine (a known preconditioning agent) and its’ associated
(A2AR) pathways as a preconditioning agent to prevent age-related AD
development/progression. Adenosine is an endogenous mediator involved in cerebral vascular
tone regulation, a promoter of neurovascular coupling to enhance overall brain perfusion and
neuronal activity. Attenuation of neurovascular coupling is associated with the progression of
AD with patients having an increased expression of A2AR under low oxygen tension. We
believe adenosine control involves the protein arginine methyltransferase 4 (PRMT4), part of a
novel enzyme family that can play a role in neurovascular function; and is specifically involved
in the methylation of arginine residues, which is a post-translational modification involved in
MRNA splicing, DNA repair, signal transduction, protein interaction, and transport. We have
evidence to suggest that adenosine (and its’ associated pathways)and PRMT4 are both enhanced
in the 3xTg-AD mice being related to neurovascular coupling and brain hypoperfusion in AD
pathology. These results suggest that adenosine may be used as a preconditioning agent against
AD development and/or progression, controlled by PRMT4.
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Abstract: The emergence of severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) is
a major cause of death, particularly in the elderly. The geriatric population in which cognitive



decline due to Alzheimer’s disease (AD) is frequent was disproportionately affected by the
pandemic. In addition, central nervous system (CNS) manifestations have been reported in a
significant subset of SARS-CoV-2 infected patients. Since the principal entry receptor utilized
by SARS-COV-2 is Angiotensin-Converting Enzyme 2 (ACEZ2), we examined whether
postmortem ACE2 protein and mRNA levels were altered in parietal cortex samples from two
different AD cohorts, totalling 142 cases. Both immunoblot and RT-qPCR analysis revealed
higher concentrations of ACE2 protein and mRNA in persons with a neuropathological diagnosis
of AD, compared to age-matched controls. Brain levels of ACE2 were inversely correlated with
antemortem cognitive scores. We found that ACE2 protein was highly enriched in microvessels
of mice compared to brain parenchyma, but not in humans. These observations were confirmed
with immunostaining in both species. Levels of ACE2 in the soluble fractions were negatively
correlated with blood-brain barrier markers and positively with f-amyloid pathology. Our data
suggest that higher levels of ACE2 in the brain might contribute to AD pathology and to the
increased risk of CNS SARS-CoV-2 infection in cognitively impaired individuals.
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Abstract: Alzheimer’s Disease (AD) is a progressive neurodegenerative disease that targets
brain regions such as the hippocampus and cerebral cortex essential for cognitive and behavioral
functions. In the late-onset or sporadic form of AD, aggregation of sticky and misfolded cerebral
amyloid-beta (AB) plaques can induce an inflammatory response and cause neuronal
degeneration, potentially deposit in blood vessels, reduce blood flow, and lead to a modified
vasculature. While most prevalent AD mouse models are designed to recapitulate familial AD
(such as 5xFAD), few studies have focused on sporadic AD which accounts for 95% of AD
cases. In this study, we used genetically altered human AB knock-in (hABKI) mouse model that
mimics sporadic AD at ages 4, 12, and 18 months. We performed high-resolution T2-weighted
magnetic resonance imaging (MRI) to assess brain water content. We then undertook



morphological alterations of cortical vessels across sex and age in hABKI compared to wildtype
(WT) mice. We hypothesized a progressive age-related reduction in whole-brain water content
that would be accompanied by decrements in vascular density and complexity in the hABKI
mice. Our study reports that both hABKI and WT mice exhibited a progressive decline in brain
water content with advancing age, especially in male mice. In hABKI mice, a global decrease in
vessel density and complexity was observed with age that was predominantly evident in female
mice. These studies in relevant mouse models of AD can inform the physiological alterations
that are progressive in human AD.
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Abstract: Alzheimer’s disease (AD) is the most common form of dementia and is pathologically
characterized by B-amyloid (AP) plaque formation and vascular dysfunction. Recent studies have
shown that the blood-brain barrier (BBB) and brain vascular cells, pericytes (PCs) in particular -
may play a direct role in both AP buildup and changes in neurovascular function. Our group
identified a traditional smooth muscle actin (SMA) negative subset of PCs, type-1 PC (PC1), and
a disease-associated, SMA positive PC subset, type-2 PC (PC2) and sought to determine whether
they differentially interact with AP in AD. Using brain tissues from human AD patients and
cognitively normal aged subjects, human brain microvascular pericyte cultures, and wild-type
mice injected intracerebroventricularly with either AB40 or AB42, we investigated the potential
roles for PC1 and PC2 in AP regulation and AD. Our initial findings demonstrated that patents
with a high percent of total pericytes which are PC2 (%PC2) are associated with less BBB-
breakdown, less dense AB42 plaques, less PC death, and higher tissue AB40:AB42 ratios. In an
attempt to identify the mechanism by which PC2 may reduce AB-related AD pathologies, we
sought to identify the independent role of PC1 and PC2 on AB40 and AB42 in vitro and in an in
vivo mouse model. Our findings suggest that PC1 and PC2 employ different mechanisms to
regulate AP levels and alter the phenotype and progression of disease.



Collectively, our findings shed light on some of the discrepancies in the field concerning the role
of pericytes in AD. By differentiating PCs into functionally distinct subtypes, we have been able
to demonstrate clear differences between PC1 and PC2 in A uptake and processing, which
would likely convolute the data when combined into a single population. Further elucidating the
mechanisms and triggers that activate AP clearance by PCs in a subset-specific manner may
prove useful in reducing the build-up of excessive AP and toxic plaque formation without
producing undesirable immune cell activation in the CNS of AD patients.
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Abstract: Alzheimer's disease (AD) is an age-related disorder, sharing risk factors with
metabolic diseases, such as type 2 diabetes. Recent evidence indicates that the AD brain displays
a lower response to insulin. However, cellular localization and mechanisms involved remain
poorly understood. Most insulin secreted by the pancreas must first interact with the blood-brain
barrier (BBB) before having an impact on brain function. The insulin receptor (INSR) is formed
by 2 extracellular a chains, which exist under 2 isoforms, a short one (INSRa-A) and a long one
(INSRa-B), combined with 2 intracellular B-chains (INSRp) containing auto-phosphorylation
sites. We first showed that INSR is concentrated at the level of the cerebral vasculature in both
human and mouse, whereas INSRa-B was absent from the parenchymal fractions. We then
observed lower cerebrovascular levels of isoform INSRa-B compared with individuals with AD,
leading to a shift toward a higher INSRa-A/B ratio, consistent with cerebrovascular insulin
resistance. In agreement with human data, lower INSRa-B levels were also observed in the
3xTg-AD mouse model of AD neuropathology, but only at an old age. In order to directly
investigate cerebrovascular INSR activation, insulin was delivered into the carotid to interact
with the BBB using a technique called in situ cerebral perfusion (ISCP), followed by an
extraction of brain microvessels. We first confirmed the method in young C57BI6 with insulin or



saline perfusion, or a competitive INSR antagonist (S961) or a phosphorylation inhibitor
(AG1024). We found that an intracarotid perfusion of insulin induced the phosphorylation of
INSRp, restricted to microvessels. No increase in the phosphorylation of INSRf was detected in
the parenchyma. We next applied the BBB INSR activation protocol in 16-month-old 3xTg-AD
mice. We confirmed that these 3xTg-AD mice also exhibited lower levels of vascular INSRa-B,
while the INSR precursor (pro-INSR) and total INSR levels remained unchanged. A shift
toward a higher INSRa-A/INSRa-B ratio was detected in 3XxTg-AD mice, consistent with brain
insulin resistance. More importantly, intracarotid insulin perfusion failed to phosphorylate
vascular INSR in 3xTg-AD mice, suggesting that AD neuropathology induces insulin resistance
at the BBB. Overall, the present data in postmortem AD brains and in an animal model of AD
neuropathology indicate that defects in the insulin receptor located at the BBB strongly
contribute to brain insulin resistance in AD.
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Abstract: Background: Alzheimer’s disease (AD) is a devastating pathology, which contributes
massively to the long-term care burden in the United States. Women are more likely to develop
dementia than men and tend to have a more rapid disease progression. While AD-related
dementia is associated with tau and amyloid beta proteinopathies, derangements in cerebral
blood flow (CBF) have also been observed in humans and mice. Additionally, in the aged AD
brain cerebral vascular dysfunction has been shown to augment blood brain barrier (BBB)
dysfunction. These changes may be due to the loss of junctional proteins and a subsequent ionic
imbalance which contribute to neurovascular uncoupling and cognitive decline. Soluble levels of



NOTCHL1 is lower in human AD patients may be a factor in the BBB decline seen in AD.
Reduced NOTCHL is linked to blood brain barrier permeability (more leakage) resulting in brain
damage. The intersection of the neuronal and vascular NOTCH1 functions make it a promising
and target in AD and cerebrovascular pathology. PRMT4 has been shown to be a specific
methylator of the intracellular domain of NOTCHL1, methylation of this domain leads to its
degradation. As stated previously, lower NOTCHL1 is associated with BBB compromise. PRMT4
may be an upstream regulator of the NOTCH1 signaling cascade, and this axis can be
manipulated through both pharmacological and AAV approaches to improve BBB stability in
AD. Aim: The aims of this study are to 1) determine how protein arginine
methyltransferase (PRMT) enzyme PRMT4 influences NOTCH1 expression in the context
of AD cerebrovascular pathology, and 2) to determine how regulation of PRMT4 may
rescue CBF in AD to improve functional outcomes. Method: Real-time qPCR and
ProteinSimple capillary-phoresis were used to quantify mRNA and levels. Magnetic bead
precipitation was used to purify NOTCH1 from protein lysates. Neurovascular coupling was
measured using two-photon laser scanning microscopy in tandem with manual whisker
stimulation. Novel texture discrimination task as well as novel object recognition and modified
T-maze were used to assess cognitive and behavioral outcomes. Results/Conclusion: Our
preliminary data suggest that 3xTg female mice have 1) higher levels of PRMT4 protein and
decreased NOTCHL1 intracellular domain expression in the hippocampus, 2) enhanced type-1
PRMT methylation of NOTCH1, 3) reduced junctional proteins in the brain, 4) compromised
neurovascular coupling, and 5) poor functional outcomes.
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Abstract: Background: Although there is emerging evidence of a relevant relationship between
pericyte loss and blood-brain barrier (BBB) breakdown, the role of pericytes in
neurodegenerative disorders still requires in-depth investigation. So far, no genetic marker has
been identified for a very accurate classification of pericytes in central nervous system (CNS),
especially BBB, which become a major hurdle for genetic manipulations and linage tracing of



pericytes in CNS disorders, including Alzheimer’s disease (AD) and dementia.Method: We
compiled multiple mouse transcriptomic datasets and performed secondary analysis with the
Seurat Package to identify new pericyte markers. Next, we generated an Atp13a5-2A-CreERT2-
IRES-tdTomato knock-in mouse model for studying CNS pericytes. In addition, we examined
Atpl3a5-postive pericyte loss in the 5XFAD transgenic AD model with immunostaining using
ATP13A5 polyclonal antibodies. Result: We identified that Atp13a5 is specific to brain
pericytes than other current markers. Atp13ab5 is also developmentally regulated, and its
appearance coincides with BBB establishment around embryonic day E15. Profiles of the
tdTomato reporter in this new model are on a par with the bioinformatic results, as they are only
found in the CNS and colocalized exclusively with CD13" pericyte profiles. Interestingly,
tdTomato profiles are completely absent in brain regions known to be outside of the BBB, which
is completely different from the CD13" pericyte profiles in those regions particularly in the
highly vascularized pituitary gland, suggesting that Atp13a5 is also a marker to differentiate the
BBB pericytes from the non-BBB pericytes in mice. As Atpl3a5-expressing pericytes were
present in cortex and hippocampus in wild type mice, we found a dramatically loss in 5XFAD
mouse brain.Conclusion: Therefore, we believe that the identification of Atp13a5 as a new
specific CNS pericyte marker and the Atp13a5-2A-CreERT2-IRES-tdTomato knock-in model
will advance our studies in blood-brain barrier and vascular contributions to AD and other
neurodegenerative disorders. Also, our findings in 5XFAD mice may have implications for the
pathogenesis of AD that are associated with neurovascular dysfunction and pericyte loss.
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Abstract: CSF protein analysis has been recommended for idiopathic normal pressure
hydrocephalus (iNPH) diagnosis. However, iINPH patients with other neurodegeneration
diseases, such as Alzheimer’s disease and cerebral small vessel disease, exhibit an equivocal
distribution of cerebrospinal fluid (CSF) protein profiles, leading to different shunt responses.



Several studies reveal not all iNPH patients with an Alzheimer’s disease (AD) pathology of CSF
protein distribution show poor or non-response to shunt. The white matter damages often exist in
iNPH patients, indicating that small vessel injury and blood-brain barrier breakdown are risks for
the disease. The possibility of progressive morbidity of vascular injury leading to irreversible
damages may be one of the reasons for the inefficiency of shunt. Thus, combining dementia and
vascular risk protein markers in CSF (AB42, t-Tau, p-Tau, PDGFR-B, NFL, and Trem?2) for
iINPH prognosis is necessary. We prospectively studied 53 iNPH patients undergoing shunt
surgery and followed up for one year. Here, the correlation between CSF protein levels and
cognitive impairment in iNPH patients was determined, but only AB42, p-Tau, and PDGFR-j
levels were simultaneously associated with ventricular dilation. In iINPH patients with cerebral
small vessel disease, we found that PDGFR-J levels were significantly elevated and prognostic
prediction using PDGFR-B levels is evident (r=0.4303, p=0.0282). Using receiver operating
characteristic curve (ROC) analysis, calculating the area under the ROC (AUC) for preoperative
AP42 and PDGFR-J levels provided a more reliable predictive score for postoperative cognitive
improvement (AUC=0.7177, Ap42; AUC=0.8107, PDGFR-p). Cutoff values for AB42 and
PDGFR-B levels determined by ROC analysis were used to discriminately compare
improvements in prognostic symptoms. In the cohort with high Ap42 levels (>450 pg/ml),
significant cognitive improvement after shunt was observed in iINPH patients who had high
preoperative levels of PDGFR-B (>480 pg/ml). These results suggest that preoperative PDGFR-3
levels in CSF may provide predictable shunt outcomes in patients undergoing shunt intervention.
In iNPH patients, the impact of vascular injury appears to be more critical than AD risk factors,
leading to differential therapeutic effects on cognitive function.
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Abstract: The pathogenesis of Alzheimer’s disease (AD) includes factors such as age and
deposition of neurodegenerative B-amyloid and phospho-tau. There is growing evidence that



vascular stress is also a major contributor. We reported that elevated plasma sulfides correlated
with both vascular and cognitive impairment in AD. Furthermore, sulfides mediated the
relationship between measures of memory and cerebral small vessel disease (cSVD). Here, we
tested the hypothesis that domain specific cognitive dysfunction and structural brain changes are
associated with plasma sulfide dysregulation in AD.

We collected neuropsychological data, plasma sulfide levels and cSVD lesion data from 115
participants (48 AD). Our neuropsychological battery consisted of measures of global cognitive
function (Alzheimer’s Disease Assessment Scale-Cognitive Subscale (ADAS-Cog)) and 6 core
domains: 1) attention and working memory (Digit Span, WAIS-1V); 2) executive function
(Verbal Fluency and Color Word Interference, D-KEFS); 3) language (Verbal Fluency, (D-
KEFS)); 4) episodic memory (Logical Memory, WMS-IV); 5) visuospatial function (Benton
Judgement of Line Orientation); and 6) processing speed (Symbol Digit Modalities Test
(SDMT)). We measured three sulfide pools, protective antioxidant free sulfides, as well as acid-
labile (e.qg., iron-sulfur clusters) and bound (per- and polysulfides) sulfides. Finally, we measured
cSVD burden using fluid-attenuated inversion recovery (FLAIR) MRI.

Plasma acid labile sulfide was significantly increased in AD, and in all subjects was associated
with poorer performance across tests: ADAS-Cog (R? = 0.144, p < 0.0001); Digit Span (R? =
0.260, p < 0.0001); Verbal Fluency switch and switch accuracy (R? = 0.082, p = 0.008; R? =
0.059, p = 0.024) and Color Word inhibition and inhibition/switch (R = 0.219, p = 0.003; R? =
0.256, p = 0.001); Verbal Fluency semantic fluency (R? = 0.106, p = 0.002); Logical Memory |
(R? =0.307, p < 0.001) and Logical Memory I, (R? = 0.201, p = 0.002); and the SDMT (R? =
0.127, p <0.001). Increased acid labile sulfide was also correlated with FLAIR lesion volume
(R?=0.110, p = 0.028).

Elevated acid labile sulfide is associated with reduced cognitive function across multiple
domains. How these plasma and brain changes are linked is unclear. The acid labile sulfur pool
includes iron sulfur clusters. Increased iron load is associated with cognitive decline, aggregation
of B-amyloid and phospho-tau, brain volume changes and severity of cSVD. Whether elevated
plasma acid labile sulfides reflect iron deposition in the brain remains to be determined.
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Abstract: Cerebrovascular abnormalities have long been known to cause vascular dementia and
are increasingly thought to contribute to the pathogenesis of Alzheimer’s disease and related
tauopathies. However, the contribution of tau-mediated pathways to vascular dysfunction is
unknown. Using the P301S mouse model of tauopathy, we employed dynamic contrast enhanced
MRI (DCE-MRI) to demonstrate widespread blood-brain barrier (BBB) dysfunction in late stage
tauopathy. Quantitative spatial analysis of BBB breakdown in the frontal cortex and
hippocampus of P301S transgenic mice was confirmed post-mortem using Gd-MIMS to detect
residual gadolinium in cerebral tissue. To identify molecular pathways regulating intercellular
signaling between neurons and gliovascular cells that are pathologically altered in advance of
BBB disruption, we developed a cell-type specific viral approach for transcriptional profiling
using RiboTAG to identify novel pathways within the multicellular environment of the
neurovascular unit (NVU) in tauopathy. Viral constructs using cell-type specific promoters
(hSynapsin, GFAP, or PDGFRp) to drive expression of antigen-tagged ribosomes (TRAP) were
used to study variance in spatial and temporal gene expression patterns in NVU cell types in
P301S transgenic mice prior to widespread BBB disruption. Coupling VTRAP with endothelial
MACS-Seq in P301S transgenic mice, we generated multiple cell-type specific transcriptomic
databases of the neurovascular unit across several pathologically-relevant time points that
precede the BBB disruption seen by DCE-MRI. Gene ontology analysis indicates that
gliovascular cells express multiple molecular programs driving neuronal differentiation, neurite
outgrowth, and synaptogenesis in early pathological stages. This specific and temporally
regulated coordination of pathways in pericytes and astrocytes to support neurons injured by tau
pathology may lessen with age and increased stress, leading to a loss of homeostatic maintenance
and cascading neuronal injury. This suggests that there may be a paradigm for gliovascular
prevention and rescue of neurodegeneration and implicates novel perivascular molecular
pathways in the early pathogenesis of Alzheimer’s disease and related tauopathies.
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Abstract: In addition to the presence of amyloid plaques and neurofibrillary tau tangles
normally associated with Alzheimer’s disease, mouse models and human patients also exhibit a
decrease in cerebral blood flow of ~30% which is seen prior to plaque deposition and tangle
formation. Previous work in our lab has identified neutrophils arresting within capillaries,
causing stalled blood flow in that capillary segment, as a potential cause of the blood flow
deficit. Application of antibodies against the Ly6G neutrophil surface marker, which plays a role
in neutrophil adhesion, led to a decrease in capillary stalling rates, an increase in cerebral blood
flow, and an improvement in memory of APP/PS1 mouse models to wild-type levels. However,
the Ly6G surface marker does not have a true mouse-to-human conserved analog and therefore
requires identification of alternative conserved receptors within the neutrophil adhesion cascade.
Antibodies against multiple parts of the cascade, such as p-selectin, PSGL-1, and a4 integrin,
were screened using multi-exposure laser speckle imaging to measure cerebral blood flow
continuously up to 3 hours and chronically up to a week post administration to identify potential
targets for which cerebral blood flow improved in APP/PS1 mice. We found that treatment with
PSGL-1 (4mg/kg IP), a leukocyte receptor for both p-selectin and e-selectin, increased vascular
blood flow by a median value of 26% (IQR = 21-51%) and overall perfusion by a median value
of 56% (IQR = 46-65%) within 2 hours (n=7, linear mixed model, p=0.0001). To verify the
effect seen with laser speckle imaging, we used multiphoton imaging with acute treatments of
the antibody (4 mg/kg, IP) to measure the incidence of capillary stalling and arteriole flow
speeds before and after treatment. In addition, we tested whether this improvement in blood flow
was enough to improve object recognition and spatial memory as seen with antibody treatment
against Ly6G.
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Abstract: Cerebral blood flow (CBF) is decreased by 30% in both patients and animal models of
Alzheimer’s disease (AD). Previously, we found that the arrest of neutrophils in the capillary
leading to about 2% of cortical capillary stalls is responsible for the CBF deficit in the AD
mouse model overexpressing the human transgenes APP KM670/671NL and PSEN1 L166P
(APP/PS1). However, the upstream mechanisms leading to the arrest of neutrophils and capillary
stalls remain largely unexplored. Here, we investigated whether vascular oxidative stress
produced by the NADPH oxidase NOX2 leads to increased neutrophil arrest and capillary stalls
in APP/PS1 mice. First, we treated 10-11 month-old APP/PS1 mice, using the peptide inhibitor
gp91-ds-tat (10 mg/kg i.p. for two weeks). We found that neocortical ROS production was
decreased by 55% (p < 0.05; n=6 per group; one-way ANOVA) assessed with hydroethidine
staining. With in-vivo two photon imaging, we also observed that the fraction of capillaries with
stalled blood flow was decreased by 67% (p < 0.05; n=3-5; Kruskal-Wallis test), CBF was
increased by 29% (p < 0.05, n=6 vessels per mice, 3-5 mice; one-way ANOVA), and
performance on short-term memory tasks was improved with NOX2 inhibition in APP/PS1 mice,
as compared to control treatment (p < 0.05; n=9-10; one-way ANOVA). Interestingly, A levels
and amyloid plaques, measured with ELISA and Methoxy X04 staining respectively, were
comparable between gp91ds-tat and control peptide-treated APP/PS1 mice. NOX2 inhibition
was also associated with a decrease in microgliosis, as shown by a 40% decrease in the area of
IBA1 staining (p < 0.05; n=7; one-way ANOVA), in the cortex and a decrease in VCAM-1
expression around penetrating arterioles and capillaries, as shown by in vivo immunolabelling.
Inhibiting the DNA repair enzyme poly (ADP-ribose) polymerase (PARP) with 3-
aminobenzamide (10 mg/kg, i.p.), as well as promoting decomposition of peroxynitrite with
FeTPPS (10 mg/kg, i.p.) was also associated with an increase in CBF (p < 0.05; n=5; Kruskal-
Wallis test), further implicating ROS pathways in capillary stalling. Finally, RNA sequencing
and gene set enrichment analysis (GSEA) of cerebral microvessels revealed pathways involved
in inflammation, cell adhesion, neutrophil chemotaxis and migration, among others, to be
upregulated in APP/PS1 and then downregulated with NOX2 inhibition, as compared to control
treatment (g-value < 0.01). This study implicates the NOX2 pathway as a molecular mechanism
contributing to capillary stalling and CBF reduction in a mouse model of AD and could represent
a molecular pathway with therapeutic potential for AD.

Disclosures: N. Ruiz: None. O. Bracko: None. M. Swallow: None. A. Omurzakov: None. B.
Njiru: None. M. Ali: None. K. Falkenhain: None. H. Chang: None. S. Dash: None. H.
Uchida: None. T. Sanchez: None. C. ladecola: None. L. Park: None. N. Nishimura: None. C.
Schaffer: None.

Poster

277. Alzheimer's Disease: Roles of the Cerebrovasculature
Location: SDCC Halls B-H

Time: Monday, November 14, 2022, 8:00 AM - 12:00 PM



Program #/Poster #: 277.23
Topic: C.02. Alzheimer’s Disease and Other Dementias

Support: NIH R21AG066001
NSF GRFP
NIH AG057622

Title: Simultaneous 2-photon calcium imaging of cortical neurons to investigate links between
cerebral blood flow deficits and excitation/inhibition balance

Authors: *R. ZIRKEL, M. ISAACSON, K. YANG, M. LAMONT, N. NISHIMURA, C. B.
SCHAFFER,;
Biomed. Engin., Cornell Univ., Ithaca, NY

Abstract: Alzheimer’s disease (AD) is characterized by progressive, irreversible
neurodegeneration, leading to memory loss and cognitive decline. In mouse models of AD, it has
been shown that global decreases in cerebral blood flow (CBF) are brought on by the plugging of
capillaries by arrested neutrophils, and that the administration of the neutrophil-specific mouse
Ly-6G antibody (aLy6G) reduces these capillary stalls in minutes and improves cognitive
function within hours. This suggests that at least some aspects of neural activity impairments are
reversible, but the mechanism of this recovery - and what specific aspects of neural activity are
recovered - is not yet known. One potential link between CBF and neural activity is the
excitation/inhibition (E/I) balance, as some inhibitory neurons may be more sensitive to energy
deficiencies associated with CBF decrease than excitatory neurons. We developed a method
using in vivo 2-photon calcium imaging to distinguish excitatory and inhibitory neurons and
simultaneously record neural activity of both. We use this labeling to determine how E/I balance
is affected by CBF deficits and recovery with aLy6G treatment (4 mg/kg) in the APP/PS1 mouse
model of AD. We transfected inhibitory and excitatory cell types in layer 2/3 of the primary
visual cortex (V1) of mice using mDIx-mRuby?2 (10712 vg/mL) and CaMKII-EYFP (10711
vg/mL) AAV1s, respectively, while also co-labeling all neurons with a calcium indicator using
the Syn-GCaMP6s AAV9 (1012 vg/mL). These dilutions enabled calcium imaging and cell-
type identification in the same tissue, along with imaging of methoxy-X04 to detect amyloid
plaques and Texas-red-dextran in the vasculature to detect blocked capillaries. Using 780, 920,
and 1030 nm laser excitation to differentially excite this set of fluorophores and dichroic filters
to separate the emission spectra into different color imaging channels, we identified dozens of
cell bodies in each imaging plane as excitatory or inhibitory through spectral unmixing.
Additionally, using an automated imaging and registration procedure with the Scanimage
microscope control software, we could consistently re-locate neurons from a previous imaging
session without manually searching the tissue. Using these methods, we demonstrate imaging of
the same excitatory and inhibitory neurons at multiple timepoints to compare neural activity
(both spontaneous and visual stimulus-evoked) before and after aLy6G treatment. Using these
tools, we can study how excitatory and inhibitory cell activity is affected by CBF deficits in AD
mice.
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Abstract: Cerebrovascular alterations have been observed based on apolipoprotein E (ApoE)
status whereby carriers of the €4 allele have elevated cerebral blood flow (CBF) in early
adulthood but experience a faster CBF and cognitive decline later in life relative to non-carriers.
More severe cognitive decline is observed in hypertensive individuals, an association that is
strongest in €4 carriers. Here we investigated the impact of these strong and prevalent
contributors to late-onset dementia and how they interact to alter cerebrovascular function.

To compare effect of genotype, we used male and female mice with a targeted replacement of
human &4 or €3 allele (6-8 months, n=9-15/group). Mice were assessed twice: at baseline, and
following two weeks of angiotensin 11 (Angll, 500ng/kg/min via subcutaneous minipumps). A
spontaneous alternation Y-maze was used to assess spatial working memory, mice were imaged
using laser speckle contrast to measure tissue perfusion, and z-stacks of capillary beds and line
scans of penetrating arterioles were acquired using two-photon microscopy with a 70kDa
dextran-conjugated dye, Hoechst, and rhodamine 6G injected retro-orbitally to assess capillary
stalling and blood flow speeds. Mice were perfused following the last imaging session.

At baseline, €3 and €4 mice had similar levels of spatial memory function, but after two weeks of
Angll, €4 mice showed an impairment (p<0.01). Following Angll, ¢4 mice showed a significant
decrease in volumetric blood flow in arterioles (f=6.89, p<0.05), and capillary speed (p<0.05,
n=6-10 vessels/mouse), along with an increased incidence of non-flowing capillary segments
(p<0.05) not observed in €3 mice; most of these capillary stalls contained red blood cells (~62%).
While investigating possible pathological markers induced by Angll we found a striking increase
in microglia activation measured by cortical 1ba-1 area (p<0.001), decreased occludin coverage
(p<0.05), and a trend for increased matrix metalloproteinase-9 (p=0.09).

Preliminary findings show a clear interaction between hypertension and ApoE status with
regards to cerebrovascular and cognitive function whereby mice with the €4 allele experience
more deleterious consequences brought on by hypertension compared to €3 counterparts. This
work implicates the possibility of a vasoconstriction stalling mechanism involving pericytes or
other perivascular cells that may release constricting agents and provides us with a clinically



relevant model to further study the cellular mechanisms underlying capillary stalls. We are
currently exploring the involvement of cyclophilin A and platelet activity as possible
contributors.
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Abstract: Detecting blood oxygen changes in the cerebrovascular network is important for
increasing our understanding of neurodegenerative diseases and cerebrovascular dysfunction, but
existing methods are complex or lack temporal resolution. Previous work in our lab
demonstrated the ability to perform label-free in vivo imaging of red blood cells (RBCs), based
on the nonlinear optical process of third-harmonic generation (THG), which highlights optical
interfaces, such as the RBC/blood plasma boundary, and can be resonantly enhanced by
electronic transitions. Interestingly, the linear absorption spectra of oxyhemoglobin and
deoxyhemoglobin have separately distinct peaks in the range of 400 nm to 450 nm. Clay, et al.
(2006) demonstrated the ability to detect hemoglobin oxygenation using THG intensity ratios at
a few excitation wavelengths for hemoglobin in solution, and measuring signal from a
hemoglobin-glass interface. Chang et al. (2010) further showed a ~30 nm shift in the wavelength
that produced peak THG intensity between oxyhemoglobin and deoxyhemoglobin across
wavelengths ranging from 390 nm to 460 nm (fundamental wavelengths of 1170 nm to 1380
nm).Similar to pulse oximetry, wherein linear spectroscopy is used to quantify blood oxygen
concentration, we have demonstrated the use of THG spectroscopy to quantify blood
oxygenation, but now with the natural 3D sectioning capabilities and scattering insensitivity of
all nonlinear microscopies. By tuning the fundamental wavelength from 1200 nm to 1320 nm
while maintaining constant power and a stable laser focus, we can reproducibly detect a ~10-15
nm shift in the wavelength for maximum THG intensity between cerebral arterioles and venules



in an anesthetized mouse. Further, we have calibrated this measurement using linear
spectroscopy and THG spectroscopy of varying oxygenation levels in ovine whole blood cells.
From this, we are working to derive blood oxygen concentration of arterioles, venules, and
capillaries on a vessel-by-vessel basis through a three-dimensional image stack with the potential
for 1 Hz temporal resolution.Blood oxygen concentration maps are useful for answering
questions regarding neurovascular dysfunction. Potential future experiments include evaluating
changes in blood oxygen concentration caused by capillary stalls in neurodegenerative disease
mouse models, quantifying blood oxygen concentration changes in the capillary network
surrounding an induced penetrating arteriole stroke, and correlating changes in blood oxygen
concentration with neural activity (using calcium signaling) to evaluate the breakdown of
neurovascular coupling in mouse models of dementia.
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Abstract: Spatial memory impairment is an early symptom of Alzheimer's disease and is
associated with the progressive degeneration of entorhinal-hippocampal circuits. The APP/PS1
mouse model mimics features of amyloid pathology, including amyloid plaques, inflammation,
and cerebrovascular dysfunction. In addition, hippocampal CA1 activity is altered starting at 6 -
8 months of age, including reductions in basal synaptic transmission, LTP, and reductions of
hippocampal sharp-wave ripples. Furthermore, APP/PS1 mice exhibit amyloid-induced
hyperexcitability, including increased rates of interictal epileptiform discharges (IEDs) which are
negatively associated with rates of hippocampal sharp-wave ripples. Recently, work in our lab
found that administration of anti-Ly6G antibodies rapidly increased cerebral blood flow in
APP/PS1 mice. Notably, while object-location memory improves rapidly following anti-Ly6G
antibody administration (< 1 day), it is unclear if anti-Ly6G antibody treatment also leads to
changes in hippocampal memory associated-activity. To address this question, 8 to 12 month
APP/PS1 mice and littermate controls were implanted with 64-channel laminar probes in
hippocampal area CA1 and dentate. Neural activity was recorded while the mice slept in their



home cage or engaged in the object-location task. Anti-Ly6G antibody treatment (4mg/kg 1.P.)
was administered 30-60 minutes before or directly after object learning. IEDs and sharp-wave
ripples were detected in both groups, though the rate of IEDs was markedly increased in
APP/PS1 mice. Features of sharp-wave ripples, including rate and duration, were examined
during pre-task and post-task slow-wave sleep. Preliminary results indicate that sharp-wave
ripple rate and duration were similar between pre-task and post-task sleep in APP/PS1 mice,
whereas increases in both measures were observed during post-task sleep of control mice.
Additionally, the rate of IEDs decreased in APP/PS1 following anti-Ly6G injection compared to
isotype control injection. Overall, these early results are consistent with previous literature
showing alterations of hippocampal CA1 activity in APP/PS1 mice. The results of this study will
be discussed in light of the hypothesis that vascular changes in APP/PS1 mice contribute to
disruptions of hippocampal memory associated-activity.
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Abstract: Cerebral amyloid angiopathy (CAA), characterized by cerebral vascular amyloid
accumulation, cerebral microbleeds, intracerebral hemorrhages and cerebral infarction, is a
prevalent comorbidity in Alzheimer’s disease (AD) and prominent contributor to vascular
cognitive impairment and dementia (VCID). Despite the obvious clinical relevance, underlying
mechanisms for the development of CAA are poorly understood, and there remains no effective
treatment nor validated biomarkers for the disease. rTg-DlI rats, a preclinical model of CAA,
develop regionally distinctive CAA related brain pathologies including age-dependent
progressive microvascular amyloid deposition and neuroinflammation in several brain regions,
whereas thrombotic events of small vessel occlusions and microbleeds are mainly restricted to
the thalamic region. Here, we investigated proteomic changes in rTg-DI rat brain regions and
compared differentially expressed proteins from rats with emergent stages of CAA to rats in late
stages of CAA where extensive vascular amyloid and severe vasculopathies are present. The
cortex, hippocampus, and thalamus regions were isolated from 4M and 12M old rats via laser



capture microdissection and subjected to data independent acquisition protein mass spectrometry
to identify differentially expressed proteins. ANXA3, APOE, and HTRA1 were elevated in every
region in both age groups, while S100A4, SDC4 and HSPB1 were elevated in the hippocampus
and thalamus at both ages. Pathway analysis using Ingenuity Pathway Analysis, indicated TNFa
and TGF activation in multiple regions, and thrombin activation in the thalamus in the 12M age
group. Proteomics analysis and immunolabeling also revealed the presence of neutrophil
extracellular traps (NETS) specifically in the thalamus, a potentially important mechanism in the
progression of the thrombotic vasculopathies observed in that region. Thus, we report new and
significant insight linking specific proteomic changes to differential and progressive CAA-
pathologies, and present potential mechanisms for the regionally distinct disease progression.
Furthermore, we report several uniquely elevated proteins in early and late stages of disease in
the rTg-DI rat brains with potential as early disease stage diagnostic biomarkers of CAA.
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Abstract: Cerebral Amyloid Angiopathy (CAA) is a common small vessel disease that leads to
pathological alterations in the cerebral vasculature and is often associated with Alzheimer’s
disease (AD). CAA is characterized by the accumulation and deposition of amyloidogenic
proteins (amyloid-beta) along the vascular basement membrane of cerebral vessels, which is
where mural cells and perivascular fibroblasts (PVFs) reside. However, little is known about
how these perivascular cell types respond to increased CAA burden. Multiple mouse models of
CAA have been developed over the years, and researchers have shown that there is a reduction in
mural cells at late stages of CAA, but there is still little known about the progression of CAA and
cerebrovascular pathology in earlier stages of disease in these mouse models. Our goal was to
understand how mural cells (pericytes and smooth muscle cells (SMCs)) and PVFs are affected
during the progression of CAA in the Tg-SwDI mouse model. This mouse line exhibits CAA
buildup along parenchymal arterioles and capillaries, similar to that seen in some human cases.
We used histological approaches to visualize the deposition of amyloid-beta and to study the



populations across whole brain sections from 6, 9 and 12 month Tg-SwDI mice in relation to
CAA progression. We found that cerebrovascular amyloid deposition occurs along arterioles,
venules, and capillaries starting at 6 months in this model. This deposition increases with age,
and exhibits regional variance, with highest burden in the thalamus, followed by the
hippocampus, and the cortex. We identified a reduction of PVVFs on arterioles in the cortex and
hippocampus at 6 months, while SMC coverage remained stable through early stages of CAA.
Further analysis will reveal how pericytes are affected in relation to the progression of the
disease. These findings lead us to hypothesize that PVFs are uniquely sensitive to amyloid
(particularly soluble amyloid or diffuse amyloid plaques), as the presence of CAA was not seen
in the cortex in the earlier time points. This opens the possibility that PVF loss is a triggering
event that leads to impaired mural cell function, vascular stability, and amyloid-beta clearance.
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Abstract: Alzheimer’s Disease (AD) is a heurodegenerative disorder associated with several
cognitive deficits. The cognitive reserve (CR) hypothesis posits that individuals who have a high
education, higher occupational attainment, and exercise regularly will be less susceptible to
cognitive deficits associated with aging and dementia. CR can be modeled with a standard
Environmental enrichment (EE) protocol which places mice in a large cage with cage-mates, a
running wheel, and objects that can be substituted daily. Unfortunately, the standard EE
procedure has a limit on quantifying the enrichment each individual mouse obtains from being in
an enriched cage. Thus, we developed a novel EE procedure to enable better control and
quantification of daily enrichment. In the present study, we used male triple transgenic
Alzheimer’s disease (3xTg-AD) mice and male wildtype mice to evaluate the potential for
modeling CR using this procedure. Mice were assigned to each of the four following conditions



immediately after weaning at 5 weeks of age: Environmental Enrichment homecage (EH), which
is modeled after ‘conventional’ EE protocols; Enrichment Track (ET), in which mice run laps on
an obstacle track 6 days/week with novel obstacles daily; Exercise Control Track (CT), in which
mice run laps but are not exposed to complex obstacles; and Standard Housing (SH). Following
10 weeks in these conditions, we tested all mice on tasks assessing multisensory integration
abilities, an understudied but potentially important aspect of AD cognitive impairment. These
tasks were the tactile-visual Cross-Modal Object Recognition (CMOR) task with a 5-minute or
‘immediate’ retention delay, as well as the olfactory-tactile Multisensory Oddity (MSO) task. At
3 months of age, only the wildtype and 3xTG-AD groups in the ET condition successfully
performed the CMOR task with both delays. All mice were re-tested at 6 months, but only the
wildtype ET mice displayed intact performance (immediate delay). To complement the CMOR
findings with a potentially easier task, and to minimize memory demands, we turned to the MSO
task. Here, the wildtype and 3xTg-AD ET mice were the only groups that demonstrated intact
multisensory perceptual discrimination when tested at three and six months of age. Thus, our
early results suggest that enrichment track training early in life may confer cognitive benefits
related to multisensory integration and that this effect can reverse deficits on the CMOR and
MSO tasks that relate to AD-like pathology.
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Abstract: Neuronal activity is homeostatically-regulated around set points. This process is
believed to maintain stable circuit function over long timescales and in the face of perturbations.
The interplay between neurodegenerative disease progression and homeostatic set points is
unclear. Disease-related degradation of function presumably involves a progressive inability to
maintain setpoints at multiple levels of neuronal and network organization. Further, it has been
suggested that aberrant set points early in life predict and facilitate the onset of disease. Here, we
address these questions by performing chronic, multi-month electrophysiological recordings of
ensembles of single units in CAL of freely behaving mice. We recorded neuronal spiking from
wild-type mice (WT) and P301S/E4 mice (TE4), which are a mouse model of tauopathy that



overexpress a human tau transgene (LN4R) containing the P301S mutation. We found that first-
order measurements of neuronal activity, such as mean firing rate and coefficient of variation,
could not meaningfully differentiate genotypes at any age. On the other hand, homeostatic set-
points in emergent properties of network dynamics, such as network structure and criticality,
were significantly different between genotypes as a function of disease progression. Crucially,
we found that emergent properties in early life were sufficient to delineate healthy (WT) mice
and TE4 mice destined to develop disease months later. In other words, network dynamics were
tuned to an aberrant set-point prior to the onset of insoluble tau accumulation. Together, these
results suggest that homeostatically-regulated set points of network dynamics are sensitive to
disease states, and that aberrant set points early in life are poised to contribute to the
development of future disease.
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Abstract: The 3xTg-AD mouse model is used to study Alzheimer’s disease (AD), as at
advanced stage, mice display some cognitive deficits and neuropathological hallmarks similar to
those seen in human AD patients. AD is characterized by a progressive memory loss, with
hippocampal hyperactivity being considered as one of the earliest pathophysiological processes
in both human and animal studies. Various types of GABAergic interneurons are involved in
coordination of network activity in the hippocampus. The type 3 interneuron-specific (I-S3) cells
co-express vasoactive intestinal peptide and calretinin, and play an important role in memory
formation as, by providing disinhibition to principal excitatory cells, they can gate the inputs
arriving to the hippocampal CA1 region. Whether the activity of these cells is altered in AD
thereby shaping the pathological network motifs remains unknown. Here, we addressed this



question by examining the properties of I-S3 cells and of their target oriens/alveus (O/A)
interneurons in young asymptomatic 3xTg-AD mice. Our data indicate that whereas the density
and morphological characteristics of 1S-3 cells in 3xTg-AD mice remain unaltered, the 1S-3
firing output can show significant changes. The latter was associated with a decreased inhibitory
drive to O/A interneurons. Furthermore, using wireless fiber photometry calcium imaging in
freely behaving mice, we observed changes in the activity of CA1 O/A interneurons in 3xTg-AD
mice during different behavioural states. Together, these data indicate that the altered 1-S3 cells’
firing output in 3xTg-AD mice may be responsible for abnormal activity of hippocampal CA1
interneurons, and can potentially lead to excitation/inhibition imbalance and further mnemonic
dysfunction.
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Abstract: Evidence supports the essential role of glutamatergic neurotransmission in learning
and memory. In Alzheimer’s disease (AD), previous studies indicate that glutamate dynamics
shift with disease progression, inciting cognitive impairment and perpetuating disease pathology.
Here, we build on prior work by utilizing a knock-in mouse model of AD (APPN-FNLF) to
characterize hippocampal glutamate signaling and cognition in aged AD mice. At 18-24 months
old, male and female APPNYNL APPNLFINLF “and genetic background control (C57BL/6) mice
underwent cognitive assessment through Morris water maze (MWM) and novel object
recognition (NOR) tasks. Following NOR, basal and 70 mM KCI stimulus-evoked glutamate
release was measured in the CA3, CA1, and DG of the hippocampus using a glutamate-selective
microelectrode in isoflurane anesthetized mice. Female APPN-FNLFmice exhibited impaired
performance during the initial MWM trial days compared to control female mice. No differences



were observed between male mice. Probe challenge results indicated diminished spatial long-
term memory for female APPNS=FNLF mice on platform proximity compared to APPNYNEand
control female mice. APPN-FNLFmale mice also displayed impairment compared to control
male mice on platform entries. NOR findings failed to show differences in discrimination index
for either sex. Hippocampal glutamate recordings support decreased basal glutamate levels for
APPNLFINLF male and female mice compared to sex-matched controls. The observed loss was
exhibited in the CA3 subregion for male APPN=FN-F mijce and CA1 for female mice. Female
APPNLFINLFmice alone showed increased CAL stimulus-evoked glutamate release compared to
sex-matched APPNYN-mice. No differences were observed for stimulus-evoked glutamate
release in male mice. No differences were found for clearance of the released glutamate for
either sex. These findings support impaired spatial cognition and altered glutamatergic
neurotransmission in aged male and female APPN-FNSFmice. Lack of glutamate activity at this
time point may underlie cognitive decline in APPN-FNLFmice. Our laboratory previously
observed similar findings in a transgenic AD model. However, unlike APPN-FNSF mijce, those
mice displayed increased basal glutamate levels. This divergence could be attributed to
differences between the mouse models, considering transgenic overexpression versus knock-in
and mutations utilized to achieve amyloid pathology, and warrants further investigation. Studies
are ongoing to elucidate glutamate dynamics at a pre-plaque deposition time point for
comparative analysis.
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Abstract: Mechanistic modeling and machine learning methods are powerful techniques for
approximating biological systems and making accurate predictions from data. However, when
used in isolation these approaches suffer from distinct shortcomings: model and parameter



uncertainty limit mechanistic modeling, whereas machine learning methods disregard the
underlying biophysical mechanisms. To address these shortcomings, we build Deep Hybrid
Models (DeepHMs) that combine deep learning with mechanistic modeling to identify the
distributions of mechanistic modeling parameters coherent to the data [1]. One type of DeepHM
uses Generative Adversarial Networks (GANS) to provide the inverse mapping from data to
mechanistic model parameters [2].

We employed GANs in a DeepHM to identify ion channel conductances coherent with altered
excitability properties of hippocampal neurons in mouse models of Alzheimer’s disease [3].
Although the underlying cause of Alzheimer’s disease (AD) remains poorly understood, it is
believed to occur when abnormal amounts of amyloid beta and tau proteins aggregate in the
brain, forming extracellular plaques (amyloidopathy) and intracellular tangles (tauopathy) that
result in a progressive loss of neuronal function. In transgenic mice with amyloidopathy, neurons
in the hippocampus exhibit altered intrinsic excitability properties, such as action potentials with
reduced peaks and widths. Hippocampal neurons in transgenic mice with tauopathy also show
altered excitability, such as increased hyperpolarization-activated membrane potential sag and
rebound and decreased action potential threshold.

We applied the DeepHM to map experimental data recorded from hippocampal CA1 neurons in
transgenic AD mice and age-matched wild-type littermate controls [3] to the parameter space of
a conductance-based CA1 model [4]. The corresponding parameter distributions enable us to
infer the full set of ion channel disruptions in the model that can explain altered excitability in
the amyloidopathy and tauopathy mice.

[1] Jamit Parikh, James Kozloski, and Viatcheslav Gurev (2020).
https://arxiv.org/abs/2009.08267

[2] Parikh, J., Rumbell, T., Butova, X. et al. (2022). https://doi.org/10.1007/s10928-021-09787-4
[3] Francesco Tamagnini, Janet Novelia, Talitha L Kerrigan, Jon T Brown, Krasimira Tsaneva-
Atanasova, and Andrew D Randall (2015).
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4604241/

[4] Jakub Nowacki, Hinke M Osinga, Jon T Brown, Andrew D Randall, and Krasimira Tsaneva-
Atanasova (2011). https://www.sciencedirect.com/science/article/abs/pii/S007961071000088X
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Abstract: Alzheimer’s disease (AD) is a progressive neurodegenerative disorder with growing
major health impacts, particularly in countries with aging populations. The examination of neural
circuit mechanisms in AD mouse models is a recent focus for identifying new AD treatment
strategies. We hypothesize that age-progressive changes of both long-range and local
hippocampal neural circuit connectivity occur in AD. Recent advancements in viral-genetic
technologies provide new opportunities for semi-quantitative mapping of cell-type-specific
neural circuit connections in AD mouse models. We applied a recently developed monosynaptic
rabies tracing method to hippocampal neural circuit mapping studies in AD model mice to
determine how local and global circuit connectivity to hippocampal CAL excitatory neurons may
be altered in the single amyloid precursor protein knock-in (APP-KI) AD mouse model. To
determine age-related AD progression, we measured circuit connectivity in age-matched
littermate control and AD model mice at two different ages (3-4 vs. 10-11 months old). We semi-
quantitatively mapped the connectivity strengths of neural circuit inputs to hippocampal CAl
excitatory neurons from brain regions including hippocampal subregions, medial septum,
subiculum and entorhinal cortex, comparing different age groups and genotypes. We focused on
this brain region because of its clear relationship with learning and memory and that the
hippocampal formation shows clear neuropathological changes in human AD. Our results reveal
alterations in circuit connectivity of hippocampal CA1 in AD model mice. Overall, we find
weaker extrinsic connectivity CAL input strengths in AD model mice compared with control
mice. Unexpectedly, we find a connectivity pattern shift with an increased proportion of inputs
from the CA3 region to CA1 excitatory neurons when comparing young and old AD model mice,
as well as old wild-type mice and old AD model mice. These unexpected shifts in CA3-CAl
input proportions in this AD mouse model suggest the possibility that compensatory circuit
increases may occur in response to connectivity losses in other parts of the hippocampal circuits.
We expect that this work provides new insights into the neural circuit mechanisms of AD
pathogenesis.
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Abstract: Alzheimer’s Disease (AD) has been extensively studied at a cellular level, yet it
remains poorly understood how neurodegenerative pathology produces systems level
impairments of memory. Whereas neurodegeneration is widespread across the brain in late
disease, studies of early disease reveal restricted pathology within specific networks important
for stable memory. These findings suggest that impairments produced by AD are not a
consequence of pathology in single brain regions, but rather due to failures of communication
between regions that are part of a memory network. Additionally, AD patients show disruptions
in stages of sleep important for memory consolidation, suggesting that functional deficits may be
both spatially and temporally restricted. We sought to determine if communication impairments
in a mouse model of early AD (APP/PS1) are restricted to networks functionally involved in
memory, and whether such impairments are more pronounced in a sleep/wake dependent
manner. We performed chronic in vivo electrophysiology across natural sleep and wake states in
three cortical sites - retrosplenial cortex (RSP), dorsal anterior cingulate cortex (ACAd), and
visual cortex (VISp) - which form two monosynaptic pathways - one involved in memory (RSP -
ACAd) and one involved in vision (RSP - VISp) with the hypothesis that the RSP - ACAd
pathway would show selective communication deficits in APP/PS1 mice. We found that local
single unit statistics, neuron yield, and firing rate activity failed to differentiate vulnerable
pathways in APP/PS1 mice. However, increased feedforward drive was seen from RSP to ACAd
selectively during sleep, while RSP - VISp communication was preserved. This finding led us to
the hypothesis that increased unidirectional activity within the RSP-ACAd circuit is a
compensation for noisy communication. Subsequent analyses revealed that communication
between RSP and ACAd has high variance in APP mice which is especially pronounced during
sleep. Taken together, these findings suggest that functional pathology in APP/PS1 mice is
specific to memory pathways and depends on sleep state. Identifying circuits that are selectively
impaired early in AD will spur the development of systems-based treatment approaches.
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Abstract: Patients with Alzheimer’s disease (AD) exhibit sleep disturbances, specifically
deficits in deep non-rapid eye movement (NREM) sleep. Disruption of NREM slow waves
occurs early in the disease progression and is recapitulated in transgenic mouse models of beta-
amyloidosis. However, the mechanisms underlying slow-wave disruptions remain unknown.
Also, it is not clear if these sleep disturbances are a cause or effect of AD. Because astrocytes
contribute to slow-wave activity, we used multiphoton microscopy and optogenetics to
investigate whether they contribute to slow-wave disruptions in APP mice. We monitored
astrocytic calcium transients expressing genetically encoded calcium reporter Yellow Cameleon
3.6 (YC3.6) using multiphoton microscopy. The power but not the frequency of astrocytic
calcium transients associated with slow waves was reduced. Optogenetic activation of astrocytes
at the endogenous frequency of slow waves restored slow-wave power, reduced amyloid
deposition, prevented neuronal calcium elevations, and improved memory performance. Our
findings revealed malfunction of the astrocytic network driving slow-wave disruptions. Thus,
targeting astrocytes to restore circuit activity underlying sleep and memory disruptions in AD
could ameliorate disease progression.
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Abstract: Social isolation has been identified as a risk factor for developing Alzheimer’s
Disease (AD), a dementia that impairs an individual’s cognitive functions. Recent research has
implicated the fronto-insular cortical circuits in socioemotional processing and regulation of
cognitive decisions. However, how social isolation influences AD pathology and cognitive
deficits associated with fronto-insular cortices is unknown. Here, using the APP/PS1 mouse
model of amyloidosis in AD, we investigated the interaction between AD genetic risk factors and
social isolation on fronto-insular pathology and cognitive behaviors. We adopted the commonly
used rodent attentional set-shifting task (AST) to assess how social isolation influences cognitive
flexibility in APP/PS1 mice. Adult APP/PS1 and wild-type (WT) mice starting at 3-months of
age were housed in group or isolation for more than a month and then tested in AST. Our
preliminary data showed that these four groups of mice did not show statistical differences in
their performance during early stages of AST, during which they learned to distinguish
compound olfactory and tactile cues for food reward and shifted their choices to new relevant
cues within a single sensory dimension. However, at the last and most advanced stage of AST
when the relevant cues changed to a different sensory dimension, i.e., extradimensional shifting
(EDS), socially isolated APP/PS1 mice were more persistent in their responses to the irrelevant
sensory dimension and showed the worst performance among the four groups, whereas the
group-housed WT control showed the best performance. These results suggest that social
isolation exacerbates cognitive rigidity that would develop in AD models. Because previous
studies have suggested that cognitive flexibility measured by EDS depends on the medial
prefrontal cortex and potentially interconnected anterior insular cortex, we established a set of
molecular histological assays to assess potential changes in beta-amyloid deposition as well as
neuronal and microglial activation in response to social isolation. Ongoing experiments aim to
quantify the impacts on fronto-insular circuits resulting from the interaction between AD genetic
factors and social isolation, which may provide mechanistic insight into how social isolation, as
perceived through fronto-insular cortices, influence AD progression.
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Abstract: The 5xFAD model is a commonly used transgenic mouse line co-expressing five
familial Alzheimer’s disease (5xFAD) mutations that are inherited together and lead to
accelerated amyloid plaque formation. Many publications report behavioral studies of 5XxFAD
mice; however, most of these studies test only one sex or do cross-sectional testing at a specific
age. Discerning the temporal progression of AD-like learning and memory deficits in both sexes
of 5XFAD mice and identifying behavioral assays that reveal subtle impairments would be useful
as a guide to select appropriate ages and behavioral tests for specific research questions. Some
longitudinal batteries have been reported, but they have not included frequently used water
mazes. Here we describe a longitudinal battery of behavioral tests developed to chart the normal
aging impairment expected in both male and female 5XFAD (C57BL/6J background) mice as
compared to wildtype (WT) littermates. At approximately 9 months of age, 32 mice (evenly
balanced for sex and genotype), began the first of three cycles of a 3-week battery, each cycle
separated by 3 months. The battery consisted of four consecutive days of dry maze testing in
week 1 (Open Field, Spontaneous Alternation, Novel Spatial Recognition, Rotarod). The
following week, a 2-day 8-arm Radial Arm Water Maze (RAWM) test was done, followed by
one day of Open Pool testing. The next day, mice were assessed using the Frailty Index, then
singly housed with free access to running wheels for 7 days before being returned to normal
housing. The resulting data provide a temporal progression of behavioral deficits in 5xFAD
males and females and reveal a sexual dimorphism in behavior consistent with that seen in AD-
like brain pathology, wherein females show more impairment than males at similar ages. This
sexual dimorphism suggests different tests may be necessary at different ages for males and
females, providing important information to investigators working with this model. This work
also provides the novel incorporation of a water maze in a longitudinal study of the 5xFAD
model. Interestingly, the RAWM data indicate females may express motivational/apathy
behaviors sooner than in males (as measured by errors of omission).
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Abstract: Experimental and epidemiological data suggest that repeated infections of the central
nervous system with Herpes Simplex Virus Type-1 (HSV-1) are a risk factor for Alzheimer’s
disease (AD). We recently developed a mouse model of HSV-1 replications within the brain,
triggered by thermal stress (TS), exhibiting typical AD hallmarks including accumulation of
amyloid-p and phosphorylated tau proteins, increased levels of the proinflammatory cytokine
interleukin 1B (IL-1B) and impaired hippocampal neurogenesis (De Chiara et al., PL0OS
Pathogens, 2019; Li Puma et al., Stem Cells, 2019). By exploiting this model, we investigated
the role of IL-1p in the HSV-1-induced synaptic dysfunction. Our results showed that synaptic
plasticity at the hippocampal CA3-CAL1 synapse, assessed by long-term potentiation (LTP)
paradigm, was significantly reduced in brain slices from HSV-1-infected mice undergone two
TSs compared to mock-infected ones (fFEPSP amplitude potentiation: 58.2+7.9 vs. 97.6+10.8%,
respectively; p<0.05). Accordingly, we found downregulated expression of pre- and postsynaptic
proteins in hippocampi of infected mice (-60% vs. mock), along with a significant reduction of
spine density in both apical dendrites (from 1.67+0.06 spines/um in the mock to 1.34+0.03/um
in infected mice) and basal ones (from 1.64+0.06 to 1.43+0.04/um in mock- and HSV-1-infected
mice, respectively; p<0.05). In HSV-1-infected mice we also found significantly greater
expression of two epigenetic repressors, MeCP2 and REST, at both protein (+59% and +95% vs.
mock, respectively; p<0.05) and mRNA (+4.8 and +3.8 folds vs. mock, respectively; p<0.05)
levels that negatively impinge on the expression of plasticity-related genes. All these effects
were associated with increased levels of IL-1p in HSV-1-infected mice (20.9+1.1 vs. 5.8+2.1
pg/mg in controls; p<0.05) and were significantly rescued by blocking the IL-1 receptor with
Anakinra. Indeed, this treatment: i) increased LTP from 58.2+7.9 to 87.2£10.5% (p<0.05); ii)
rescued the expression of synaptic proteins and dendritic spine density to values similar to
controls; iii) counteracted the HSV-1-induced increases in MeCP2 and REST at both mRNA and
protein levels; iv) improved memory assessed by novel object recognition test performed two
weeks after 2TS (the preference index being 63.0+2.7% in Anakinra-treated, HSV-1-infected
mice vs. 57.1+.2.14% of HSV-1 mice; p<0.05). Collectively, our results suggest that IL-1p-
activated pathways triggered by HSV-1 reactivation contribute to an AD-like phenotype
probably acting via upregulation of MeCP2 and REST.
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Abstract: Alzheimer’s Disease (AD) is a neurodegenerative disease that is clinically described
as progressive learning and memory deficiencies. Pathologically, AD is characterized by the
presence of three core features, beta-amyloid plaques (A), neurofibrillary tangles (NFT), and
chronic neuroinflammation. The activation of the immune response through glia cells is
associated with neuroinflammation and has been shown to promote and exacerbate both A and
NFT pathologies. Alterations in gamma amino butyric acid (GABA), the principle inhibitory
neurotransmitter in brain, shown to be involved in several processes, have been demonstrated in
AD patients. In addition, GABAergic signaling markers, including the metabotropic receptor
GABAB, have also been shown to be altered in an AD animal model (Salazar 2021). GABAg
receptors are expressed on glia and have been shown to have anti-inflammatory properties. Loss
of this receptor could play an important role in exacerbating the disease. To investigate how the
decrease in the GABAGR receptor modulates neuroinflammation, we developed a novel mouse
model with the loss of this receptor restricted to glia (GAB/CX3ert) that results in alterations in
amyloid processing as well as network activity. Currently, two-thirds of AD patients are women.
Sex differences within neuroinflammation have been identified and may contribute to the higher
prevalence. In this study, we aimed to evaluate the alterations between male and female
GAB/CX3ert mice and investigate sex differences on inflammatory mechanisms, as well as AD
related pathology, in mice with a reduction of GABAGR receptors on glia, as well as how they
differ from control mice. These differences were investigated through cellular and molecular
techniques, including flow cytometry, Luminex multiplex assay, immunohistochemistry, and cell
culture. This study demonstrates how sex can influence neuroinflammation, potentially
contributing to higher rates of AD in women, and will help in the development of possible sex-
specific therapeutic treatments for AD.
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Abstract: Circular RNAs (circRNAS) are a novel category of non-coding RNAs derived from
the back-splicing and covalent joining of exons or introns. Recent studies have suggested that
circRNAs are preferentially generated from synaptic plasticity-related genes and are particularly
enriched in the brain. Although some circRNAs have been found to sequester microRNAs and
others to associate with RNA-binding proteins (RBPs), the mechanism of action of most
circRNAs remains poorly understood. Moreover, little is known about the potential involvement
of circRNAs in Alzheimer’s disease (AD). Using circRNA-specific quantification, we had
previously found that circHomer1, a neuronal-enriched circRNA derived from Homer protein
homolog 1 (HOMER1) capable of regulating cognitive function, is significantly downregulated
postmortem brains of patients with AD and robustly associated with clinical dementia ratings
and AD-associated neuropathology. Here we show that in vivo knockdown (KD) of circHomerl
in mouse frontal cortex results in a significant upregulation of long Amyloid precursor protein
(APP) and microtubule-associated protein tau (MAPT) mRNA isoforms, of which accumulation
of their respective encoded proteins are the pathological hallmark of AD. Furthermore, we show
that circHomer1 is predicted to directly bind to both of these mMRNA isoforms, potentially
competing for binding with ELAV-like protein 4 (ELAVL4 or HuD), an RBP associated with AD
and known to both bind to circHomer1 and associate with the long APP mRNAs, to promote
their stability. Lastly, we demonstrate that circHomer1 is reduced in iPSC-derived neurons from
subjects with AD and in the cortex of the 5xFAD model of AD. Ongoing experiments are aimed
at further investigating the role of circHomerl in APP and MAPT gene regulation and AD-
associated pathogenesis and examining the effects of different drugs on brain circHomerl



expression. Taken together, our work introduces novel molecular networks with potential
importance for AD.
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Abstract: One of the most important risk indicators for developing Alzheimer’s disease (AD) is
a family history of dementia. Despite growing interest in understanding how AD-associated
genetic polymorphisms lead to pathological outcomes, it remains unclear how polygenic factors
contribute to the formation and expansion of tau neurofibrillary lesions, which are the closest
correlate of neural degeneration and clinical symptoms during AD. While clinical data indicate
that severity of tau pathology is likely influenced by heritable factors, studying this phenomenon
in an experimental setting is especially difficult. We tested whether the rate of tau propagation is
a heritable disease trait using a large, well-characterized cohort of 19 genetically diverse mouse
strains, based on the BXD genetic reference panel. P301L-mutated human tau (hTau) was
introduced into the entorhinal cortex using an AAV-based model system of tau propagation,
distinguishing hTau-producing cells from recipient neurons of tau protein transfer. Interestingly,
some mouse strains were relatively resistant to tau spread despite strong AAV expression, while
others were particularly vulnerable. Importantly, the heritability (h?rix) of tau propagation was
calculated to be 0.435; that is, ~43.5% of the observed variance in tau propagation could be



explained by heritable factors. Total fluorescence and percent area of microglia- and astrocyte-
specific markers, Ibal and GFAP respectively, varied significantly across BXD groups.
However, there was no correlation between glial abundance and tau propagation. Given that the
risk of developing AD has a strong heritable component, identifying genetic variants that
influence tau propagation may help uncover novel molecular targets to prevent or slow the pace
of tau spread and cognitive decline.
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Abstract: Perturbations in non-coding microRNAs (miRNAS) regulating diverse brain
physiological pathways are linked to Alzheimer’s disease (AD). For instance, we recently
reported a role for miR-298 and miR-20b in AD neurophysiology and disease probability.
Notably, altered functional connectivity of resting-state networks such as the default mode
network (DMN) is increasingly appreciated as a critical component of prodromal AD and may
even play a role in cognitive resilience. However, the extent to which miRNA dysregulation
plays a role in these phenomena is unclear. To address this question, we sequenced miRNA
transcripts in posterior cingulate cortex (PCC), a DMN hub that underlies autobiographical



memory retrieval and shows hypometabolic changes early in AD. Postmortem PCC samples
were obtained from Rush ROS/MAP participants who died with a diagnosis of a) no cognitive
impairment and low pathology (NCI-LP, Braak stage I/1l, n = 12), b) NCI with high pathology
(NCI-HP, Braak stage IV, representing cognitive resilience, n = 8), ¢) mild cognitive impairment
(MCI, n = 10), or d) dementia due to AD (n = 9). Differential expression analysis (FDR = 0.04)
revealed 42 miRNAs that were significantly dysregulated among the NCI (independent of Braak
stage), MClI, and AD groups. Two miRNAs, miR-99a (p = 0.01) and miR-664b (p = 0.005), were
downregulated in AD compared to NCI and MCI, whereas miR-30a (p = 0.006), miR-374a (p =
0.004), and miR-501 (p = 0.005) were significantly upregulated in MCI compared to NCI and
AD. Post hoc comparisons revealed three miRNAs significantly downregulated in NCI-HP
compared to NCI-LP: miR-103a (p=0.04), miR-211 (p = 0.03), and miR-4443 (p = 0.03). These
miRNAs may be operating in resilience-related pathways in the DMN. Correlation analysis
revealed that decreasing PCC levels of miR-664b levels (see above) were associated with poorer
performance on antemortem tests of episodic memory (r = 0.41, p = 0.009), semantic memory (r
=0.44, p = 0.004), and visuospatial ability (r = 0.45, p = 0.004). Furthermore, levels of miR-
4634, which were not significantly dysregulated among the groups, were nonetheless associated
with episodic memory (r = 0.41, p = 0.01), working memory (r = 0.45, p = 0.005), and the global
cognitive z score for the subjects (r = 0.45, p = 0.005), as well as Braak (r = 0.47, p = 0.003) and
NIA-Reagan (r = 0.36, p = 0.03) diagnostic criteria. Current data analysis is focused on
functional pathway enrichment and mRNA target identification to elucidate potential pathogenic
miRNA-related mechanisms contributing to PCC and DMN dysfunction in AD, which may
inform biomarker and intervention strategies.
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Abstract: Late-onset Alzheimer’s disease (LOAD) is a highly heritable disorder. However,
despite the large-scale sequencing effort, most of the genetic risk factors for LOAD remain to be



identified. Identifying such risk variants will be critical for understanding the pathogenesis and
potentially discovering therapeutic targets for AD. Recently, we and our collaborators
demonstrated that loss of Ataxinl (ATXNL1), a gene previously identified to be associated with
AD risk but without clear functional evidence, potentiates AD pathology mediated by the
impaired ATXN1-CIC complex function in mice. Capicua (CIC) encodes a transcriptional
repressor which forms a co-repressor complex with ATXNL1, and this interaction is critical for
CIC protein stability. Knock out of ATXN1 in mice, leads to reduced CIC protein level, which,
in turn, activates a transcriptional cascade of ETV4/5 and p—secretase (BACEI). An increase in
BACEL1 accelerates generating pathogenic amyloid-beta (AB) species which ultimately
exacerbates AD pathology. Interestingly, while CIC is critical for survival, heterozygous loss of
CIC by truncating variants cause intellectual disability in patients. Given the link between loss of
CIC protein function and increase in BACE1 mediated AD pathology, we hypothesized that less
severe mutations in CIC contribute to AD pathology. We searched the AD databases for CIC
variants and identified a rare heterozygous missense variant, CICP¢%, which appeared only in
four LOAD patients but not in the controls. The CICP%t variant is located within the highly
conserved ATXNL1 binding domain of CIC which suggests it could affect the interaction with
ATXN1. We demonstrated that CICP*¢- reduces ATXN1-CIC interaction by 60% in cells. Thus,
we hypothesize that this variant leads to a partial loss of function of the ATXN1-CIC complex
and could potentiate AD pathology via upregulation of BACEL. To evaluate the functional
consequences of the variant in vivo, we generated a Cic”*! knock-in mouse. With the novel
CicP36LP3L mouse model, we showed that Cic”36- reduces CIC protein stability and leads to de-
repression of the downstream Etv4/5-Bacel axis without affecting survival or body weight
phenotype. These data suggest that CICP% leads to partial loss-of-function of CIC, subsequent
upregulation of Bacel, and vulnerability to AD. This work underscores the need to search for
rare variants that could be missed in population-based association studies and potentially
demonstrate a mechanism for how less severe variants of a gene that cause intellectual disability
could contribute to AD pathology.
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Abstract: Adult neurogenesis is the lifelong process by which new neurons are generated in the
dentate gyrus. However, adult neurogenesis capacity decreases with age, and this decrease is
closely linked to cognitive and memory decline. Our study demonstrated that electromagnetized
gold nanoparticles (AuNPs) promote adult hippocampal neurogenesis, thereby improving
cognitive function and memory consolidation in aged mice. According to single-cell RNA
sequencing data, the numbers of neural stem cells (NSCs) and neural progenitors were
significantly increased by electromagnetized AuNPs. Additionally, electromagnetic stimulation
resulted in specific activation of the histone acetyltransferase Kat2a, which led to histone H3K9
acetylation in adult NSCs. Moreover, in vivo electromagnetized AuNP stimulation efficiently
increased hippocampal neurogenesis in aged and Hutchinson-Gilford progeria mouse brains,
thereby alleviating the symptoms of aging. Therefore, our study provides a proof-of-concept for
the in vivo stimulation of hippocampal neurogenesis using electromagnetized AuNPs as a
promising therapeutic strategy for the treatment of age-related brain diseases.
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Abstract: Alzheimer’s disease (AD) is a neurodegenerative disorder marked by senile plaques of
B-amyloid (AP) and neurofibrillary alterations of phosphorylated tau (pTau). Accumulating
evidence suggests that AP and tau act in concert to orchestrate complex pathobiological events
underlying AD, but their impact on the local microenvironment remains poorly understood.

Here, we profiled spatial gene expression patterns surrounding local amyloid and tau pathology
within the human inferior temporal cortex (ITC) of individuals with AD. We employed 10x
Genomics Visium spatial transcriptomics coupled with immunofluorescence (Visium-IF) to
generate an integrated proteomic and transcriptomic spatial map of the human ITC in AD.



Visium-IF pairs IF staining with on-slide cDNA synthesis across 5000 oligonucleotide-barcorded
spots to create spatial maps of gene and protein expression in the same tissue section. For this
study, tissue blocks containing ITC were dissected from 3 brain donors diagnosed with late-onset
AD (Amyloid C/Braak I11) and 1 age-matched neurotypical adult donor. Cryosections from each
block were collected in duplicate on Visium arrays and immunostained for Ap and pTau
Ser202/Thr205 to visualize amyloid plaques and neurofibrillary structures. Multispectral images
were acquired and libraries were prepared for whole transcriptome sequencing. Following
segmentation of AP and pTau fluorescent signals, gene expression spots were annotated by
pathological burden in the following categories: no pathology, AR+, AB-adjacent, pTau+, pTau-
adjacent, both AB/pTau, and both-adjacent. Within the gray matter region, we pseudobulked
these spots by category for AD donors and performed differential gene expression analysis to
identify transcriptional signatures associated with each pathological combination. Candidate
differentially-expressed genes were validated by IF-combined RNAscope in situ hybridization
technology and characterized by gene ontology analysis to implicate their molecular functions in
putative disease mechanisms and pathways. Finally, we performed multi-marker analysis of
genomic annotation (MAGMA) to identify which pathological domains in this study harbored
aggregated genome-wide association study (GWAS) risk for neurodegenerative diseases and
dementia and further investigated spatial enrichment of genes associated with AD using publicly
available bulk and single-nucleus RNA-seq datasets. Our novel approach can disentangle
molecular dynamics and regional heterogeneity in gene expression while refining annotation of
genes that are functionally linked to AD-afflicted local microenvironments in the human brain.
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Abstract: N8-methyladenosine (mPA), a conserved epitranscriptomic modification of eukaryotic
MRNA (mRNA), plays a critical role in a variety of biological processes. Here, we report that
m®A modification plays a key role in governing direct lineage reprogramming into induced
neuronal cells (iNs). We found that m®A modification is required for the remodeling of specific
MRNAs required for the neuronal direct conversion. Inhibition of m6 A methylation by Mettl3
knockdown decreased the efficiency of direct lineage reprogramming, whereas increased m°A
methylation by Mettl3 overexpression increased the efficiency of iN generation. Moreover, we
found that transcription factor Btg2 is a functional target of méA modification for efficient iN
generation. Taken together, our results suggest the importance of establishing epitranscriptomic
remodeling for the cell fate conversion into iNs.
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Abstract: New insights on Bridging integrator 1 protein isoforms as a risk increasing gene
in Alzheimer’s disease Min Hu!, Peter Reinhardt?, Marie-Theres Weil?, Lamiaa Bahnassawy?,
Laura Gasparini?, Jeffrey F. Waring!, Aparna Vasanthakumar®* AbbVie Inc., 1 North Waukegan
Rd., North Chicago, IL 60064 2 AbbVie Deutschland GmbH & Co. KG, Neuroscience Research,
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Genome-wide association study (GWAS) identified the Bridging integrator 1 (BIN1) as the
second -most-prevalent genetic risk factor for late-onset of Alzheimer’s disease (AD). However,
not much is known about the specific SNPs that drive this increased risk and the functional
impact of the SNP. BIN1 gene has 20 exons and is transcribed into 14 alternate transcripts, of
which 11 are protein-coding. The role of genetics and cell type specificity on the expression of
these 11 BIN1 isoforms is largely unknown, as is the main roles that they play in AD disease
susceptibility or progression. To address these questions, protein coding isoform specific droplet
digital polymerase chain reactions (ddPCR) were performed on induced pluripotent stem cells
(iPSC) and lymphoblastoid cell lines (LCL) carrying the susceptibility variants. During the
differentiation from iPSCs to neurons, expression levels of neuron-specific BIN1-isoforms
(isoform 1-5 and 7) are significantly increased in a time-dependent manner. Microglia-specific



BIN1-isoforms (isoform 6, 9, 10 and 12) are decreased. Opposite expression patterns are
observed in iPSCs microglia. Our LCL data indicates that the presence of certain BIN1 SNPs
might correlate with the expression of BIN1 isoforms. Recent literature suggests that BIN1
affects tau aggregation by modulating many cellular functions including endocytosis/trafficking,
inflammation, calcium homeostasis, and apoptosis. Given the strong association with
susceptibility to AD, exploring the molecular mechanisms of cell-type specific BIN1 expression
could serve as a valuable resource for selection of promising genes for drug development and
stratification approaches.
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review, and approval of the publication.
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Abstract: Aggregation of amyloid-p peptides (Ap) is a hallmark of Alzheimer’s disease (AD).
Subcellular distribution of A is well recognized under a microscope, but its pathological and
physiological functions remain unclear, partially due to our limited understanding of interacting
proteins and corresponding signaling pathways associated with Af. Existing spatial proteomics
technologies focus on mapping of known proteins using antibody panels/arrays, hindering
hypothesis-free proteome discovery. In this study, we used Microscoop™, a fully-automated
microscopy-guided subcellular photolabeling with a machine learning-based precision
recognition to enable discovery-based image-guided proteomics. We applied AB1-42 deposition
in human neuroblastoma, SH-SY5Y, differentiation cells as an AD model. Multiple images of
AP1-42 aggregates were applied to segment to locations of specific AB1-42 aggregates of
interest using convolutional neural networks (CNN)-based deep learning. Microscoop™ was



used to illuminate these segmented regions to induce photochemical reactions of proprietary
photosensitive probes and trigger spatial covalent labeling of proteins adjacent to AB1-42
aggregates. This spatial-specific photochemical labeling process was repeated automatically on
thousands of microscopic fields of view to accumulate enough AB1-42-associated proteins for
LC/MS-MS-based proteome identification. A series of novel factors were discovered to be
associated with AP aggregation in SH-SY5Y differentiated cells. We further validated these
newly identified proteins using antibody staining and found that these proteins indeed
colocalized with AB1-42. The finding of these novel factors opens a door to reveal associated
signaling pathways related to AD. They may also serve as new diagnostics biomarkers or new
AD drug target. Our study not only reveals the AB-associated spatial proteome, but also
demonstrates its possible broad applications on discovery-based spatial proteomics in
neuroscience.
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Abstract: Glucocorticoid (GC) signaling plays a central role in cellular activity, stress, and
immune response. GCs bind to mineralocorticoid and glucocorticoid receptors, and because of
their involvement in the stress response, they play a significant role in CNS functions like
learning and memory. Previous research has shown that there are strong interrelationships
between dysregulation of the hippocampal-pituitary-adrenal axis, GC overexposure, increased
serum levels of pro-inflammatory cytokines, and the pathogenesis of Alzheimer's disease (AD)
and major depressive disorder (MDD). There is also increasing evidence linking Vitamin A (VA)
deficiency in AD. All-trans retinoic acid (ATRA) is the bioactive derivative of VA. Research
connecting VA with glucocorticoid expression has shown that VA deficiency leads to an
increase in the levels of glucocorticoids in serum of rats but retinoic acid (RA) treatment is able
to decrease those levels to baseline. In rodents, VA treatment improves symptoms of AD in vitro



and in vivo by reducing proinflammatory cytokines and amyloidogenesis. Moreover, VA
deprived mice exhibit impaired learning. In this study, we investigated the most dysregulated
ATRA-sensitive pathways in the human hippocampus in AD. We performed an in silico
experiment via Ingenuity Pathway Analysis (IPA)from the publicly available human AD
hippocampal transcriptomics data generated by van Rooij and colleagues (2019) using 673
ATRA-sensitive genes. This dataset consisted of 18 AD cases (including both male and female)
and 10 control samples. The top canonical pathway was glucocorticoid receptor (GR) signaling
(p=4.86E-34). The most dysregulated ATRA-sensitive gene in the Pathway was UQCRC2
(FDR=9.86E-14), which was downregulated in complex Il located within mitochondria. A total
of 36 genes, including NDUFA genes, in the Mitochondrial Dysfunction pathway were
dysregulated (p=2.27E-21), further linking ATRA deficiency to mitochondrial dysregulation
inhuman AD. Several previous studies have implicated the importance of dysregulated GR
signaling in AD. Our analysis also reveals that ATRA-sensitive neuroinflammatory genes
(p=1.63E-22) are upregulated in AD. Combining these results with work done by others, it's very
likely that NF-kBlupregulation in MDD may be a major pathway for the development of AD
later in life. Finally, our IPA analysis highlighted that the top Upstream Regulator was tretinoin
(ATRA itself), validating the ATRA sensitivity of our enriched gene set and the regulation of the
GR pathway. Our study provides a wealth of new knowledge regarding interactions between
ATRA availability, GR signaling, and mitochondrial function.
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Abstract: Alzheimer’s disease (AD) is a multifactorial severe neurodegenerative disorder,
whose underlying molecular pathology is largely unclear. Editing of RNA involving conversion



from adenosine to inosine (A-to-1) has been connected with cellular function, bringing epi-
transcriptomics to the spot-light. Among the RNAs that have been reported to harbor a large
percentage of A-to-I edits are non-coding RNAs generated from Short Interspersed Nuclear
Elements (SINEs), such as B2 RNAs in mouse and Alu RNAs in human. We have recently
shown that B2 RNASs can act as riboswitches, regulating gene expression though self-cleavage,
and they are abnormally processed during amyloid beta pathology in hippocampal cells,
contributing to the transcriptome de-regulation observed in this condition. Here, we present a
novel A-to-I editing analysis approach, which is customized for repetitive elements, and we
report that changes in A-to-1 editing of SINE B2 RNAs is associated with epi-transcriptome
response to amyloid beta neuro toxicity and pathology. We show that A-to-I editing at specific
B2 RNA positions is modified as an early response to amyloid neural toxicity in both the
hippocampi of a mouse model of amyloid beta pathology and a hippocampal cell culture model
of amyloid beta toxicity. This data suggests that the recently described mode of regulation of
gene expression through B2 RNA processing may be intertwined with RNA editing and that the
cell may be employing RNA editing as a regulation mechanism of increased B2 RNA processing
during response to amyloid beta toxicity. Our findings unveil RNA editing of SINE RNAs as an
additional level of epi-transcriptome response to amyloid beta neuro pathology, with potential
implications for the role of RNA editing of SINE RNAs also in human and Alzheimer’s disease
(AD).
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Abstract: The National Institutes of Health led iPSC Neurodegenerative Disease Initiative
(iNDI) is the largest iPSC genome engineering project attempted with the goal of generating a
widely available and standardized set of diseased cell models for over 100 single nucleotide
variants (SNV) mutations associated with Alzheimer’s disease and related dementias (ADRD) in
isogenic IPSC lines. The standardization of cell models is of vital importance for the generation
of reproducible and actionable data in therapeutic development. As part of a multi-institution
collaboration, Synthego was selected for the generation of 25 SNVs in the candidate KOLF2.1
iIPSC line. Toward these goals, we describe the use of our automated, high throughput CRISPR



editing platform, ECLIPSE, for the rapid generation of knock-in iPSC models of ADRD. We
leveraged our state-of-the-art knock-in methods and automated pipelines for the design,
experimental optimization, and clonal isolation of 23 of the candidate target mutations in iPSCs.
For each SNV target, at least 3 clonal homozygous and 6 clonal heterozygous mutation lines
were generated for a total of 264 clonal cell lines over a 6-month period. The utilization of
automated systems such as our ECLIPSE platform are critical catalysts for the rapid
development of relevant cell models in large scale disease initiatives such as iNDI.
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Abstract: Alzheimer’s Disease (AD) is the most common cause of dementia and one of the
leading causes of death in the United States. The molecular mechanisms underlying AD remain
unclear, complicating the development of effective treatments. In this novel work, we apply
machine learning (ML) algorithms to transcriptomic data obtained from 28 subjects in a publicly
available dataset from van Rooij et al. (2018). The data consisted of 14564 genes from 30 post-
mortem hippocampi (18 AD, 10 age-matched controls). We implemented data-driven feature
selection algorithms such as ReliefF and Sequential Forward Search to reduce the number of
predictors to 40 genes. We also created a Random Forest (RF) Classifier to discriminate among
AD and control groups, finding a cross-validation accuracy of 100%. Among the top
dysregulated genes was KCNIP1, which has no previous association with AD. KCNIP1 is a



voltage-gated potassium channel interacting protein that assists with trafficking Kv4-containing
voltage-gated potassium channels (Kvs) and contributes to its function. Although widely
expressed across the CNS, KCNIP1 is shown to be enriched in presynaptic terminals of
parvalbumin-positive GABAergic neurons (Xia et al. 2010; Xiong et al., 2009). In transgenic
mice, manipulation of KCNIP1 expression bidirectionally alters synaptic transmission dynamics
and cellular potassium channel density. There is growing appreciation that GABAergic synaptic
dysfunction and excitation-inhibition imbalance contribute to AD, implicating downregulation of
KCNIP1 expression in GABAergic dysfunction in human AD. Consistent with this role, there is
growing evidence that hippocampal hyperexcitability contributes to AD pathophysiology.
KCNIP1 could be a novel predictor of GABAergic dysfunction in AD and a target for
therapeutic intervention. Interestingly, KCNIP1 contains a retinoic acid response element,
potentially connecting altered vitamin A homeostasis in human AD-related GABAergic
dysfunction. Although these are promising results that implicate exciting new cell-type-specific
molecular mechanisms in AD, the existing dataset was limited to 28 subjects. We intend to
expand this analysis to cross-validate these results with additional human hippocampal
transcriptomics datasets and investigate the broader applicability of KCNIP1 and other genes
highly expressed in GABAergic neurons as generalizable biomarkers in AD. Finally, we will
integrate different data sets to explore relationships between gene expression and hippocampal
performance metrics.
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Abstract: The dysregulation of gene expression has a role in cognitive deficits and
neuropathology in Alzheimer’s disease (AD), thus prompting interest in epigenetic factors as



mechanisms of neurodegeneration and memory loss. Here, we assess the therapeutic potential of
the histone variant H2A.Z, a memory suppressor that is actively removed from DNA during
learning to promote gene expression and memory formation. In the aged brain, H2A.Z levels
increase and may act as a prelude to age-related memory decline. We hypothesize that H2A.Z
also accumulates in AD and that depletion of H2A.Z is an effective therapy for memory deficits.
To characterize H2A.Z levels in the AD brain, we assessed genome wide (ChIP-seq) binding of
H2A.Z to DNA as well as mRNA expression of genes encoding H2A.Z in the human post-
mortem and 5xFAD mouse hippocampus. mMRNA expression of genes encoding H2A.Z
increased in the human AD patient hippocampus. Similarly, genome wide binding of H2A.Z
increased in both the male and female 5XFAD hippocampus. This increase in H2A.Z was
paralleled by the remediation of hippocampal-dependent spatial memory following H2A.Z
depletion. This first investigation of histone variants as regulators of memory in AD revealed
changes in H2A.Z that generalize across species and provides promising support for H2A.Z
depletion as a therapeutic strategy.
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Abstract: Alzheimer’s Disease and Related Disorders (ADRD) are debilitating
neurodegenerative disorders afflicting 47 million individuals globally. They include Alzheimer’s
Disease (AD), Frontotemporal Dementia (FTD), Lewy Body Disease (LBD), and Vascular
Contributions to Cognitive Impairment and Dementia (VCID), which are highly heterogeneous,
frequently co-occur, and share numerous clinical, pathological, and molecular manifestations,
raising the question as to whether more etiologically-salient subdivisions exist. Previous attempts
at cell-resolution molecular profiling and de novo subtyping were limited by the lack of single-
cell, multi-omic datasets encompassing multiple ADRD subtypes. To address this challenge, we



generated SCRNA-seq and scATAC-seq data for 540,000 cells from the prefrontal cortex of 102
patients with AD, FTD, LBD, VCID, and neurotypical diagnoses.We used these data to derive
cell type-specific functional descriptions of ADRD pathologies at the transcriptional,
epigenomic, and TF-regulatory levels, including TF-regulon activation scores derived by
SCENIC. Of all these levels, TF-regulons were particularly distinct between ADRDs and highly
interpretable, revealing multiple shared and distinct GO-enrichments between the diseases. We
trained a cell-type-specific logistic regression model for disease classification, showing a
consistently superior performance than gene expression or epigenomic information alone. We
used the model coefficients to weight target genes in further biological enrichment analyses, and
to deconvolve and identify shared and distinct cell-level regulatory patterns across the diseases,
and as a basis for de novo subtyping across the ADRD spectrum. We also used flow, centrality,
and community analyses of our TF-regulatory networks to reveal network-level cell-type-
specific and disease-specific regulatory disruption. Lastly, we validated our biological
enrichments and de novo ADRD subtypes using transcriptional, epigenomic, and phenotypic
data. Overall, our cell-resolution profiling across ADRDs demonstrates a novel, algorithmically-
amenable and biologically-informed dimensionality reduction technique for single-cell data
analysis in complex traits, and reveals etiologically salient de novo subtypes in ADRD.
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Abstract: DYT1 dystonia is a movement disorder that causes involuntary, twisting movements
and abnormal postures. It is the most common inherited form of primary dystonia, caused by
mutation of the DYT1 gene, encoding protein torsinA. Our limited understanding of which cell
types are most vulnerable to torsinA mutation and its contribution to the pathophysiology of
DYTL1 dystonia has slowed down the development of targeted therapies. To address this key
question, we investigated the effects of cell-specific mutation of the torsinA gene separately in
two cell types that have been implicated in DYT1 dystonia: medium spiny neurons of the



striatum and Purkinje cells in the cerebellum. We assessed fine motor deficits and performed in-
vivo neuroimaging at 11.1T to investigate brain microstructure and function in key motor
circuitry. We compared sensory-evoked brain function and connectivity, and whole-brain
microstructural changes. The rationale for using in-vivo sensory-evoked functional Magnetic
Resonance Imaging (fMRI) is that there is prior clinical and neurophysiological evidence
demonstrating somatosensory processing deficits in dystonia patients. In the medium spiny
neuron model, we found evidence of behavioral deficits along with altered resting-state
functional connectivity and microstructure. In the Purkinje cell model, we found no behavioral
deficits but observed altered sensory-evoked brain activation and microstructure. These data
suggest differential contribution of medium spiny neurons and Purkinje cells to the behavioral
and pathophysiological signatures of DYT1 dystonia.
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Title: Pathophysiology of Dytl dystonia is mediated by spinal cord dysfunction
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Abstract: Dystonia, a neurological disorder defined by abnormal postures and disorganised
movements, is thought to be a neural disorder with dysfunction arising within and between brain
regions. Given that spinal circuits are the de facto final common pathway for motor control, we
sought to determine their contribution to dystonia. We developed a new flippase-sensitive Torla-



frt mouse in which exons 3-5 are flanked by frt sites and crossed this strain with the established
Cdx2::FIpO mouse in which flippase expression is restricted to the developing spinal cord.
Through multigenerational breeding, we generated a spinal-restricted biallelic Torla conditional
knockout (cko). gPCR and Western blot analyses confirmed that spinal Torla cko mice showed
normal expression in the brain but was virtually absent in the spinal cord. Ultrastructure analysis
of Torla deleted spinal neurons revealed overt nuclear envelope abnormalities. Unbiased
analysis of postnatal video recordings revealed a striking early-onset dystonic-like phenotype
that emerged in the hindlimbs, spread rostrally during postnatal maturation, then became fixed
below the head. Electromyogram recordings revealed persistent involuntary hindlimb muscle
contractions at rest and disorganised muscle activity - including antagonist coactivation - during
locomation. Fictive locomotion experiments in isolated postnatal spinal cords showed similar
findings, indicating that spinal circuits are the principal source of excessive activity and
disorganised motor output. Testing in vitro spinal sensory-motor reflexes revealed a caudal-to-
rostral progression in monosynaptic reflex impairments, including reflex dispersion across time
and increased latencies. Patch-clamp recordings from lumbar motoneurons showed altered
excitatory post-synaptic currents following dorsal root stimulation, including reduced amplitude,
prolonged duration, and multiple asynchronous peaks. Microstimulation of afferent fibre bundles
revealed that the multiple peaks observed may be due to increased time dispersion of the
incoming afferent volley. Ongoing experiments in the monoallelic spinal Torla cko mice also
reveal spinal circuit dysfunction. In summary, the spinal-restricted knockout of Torla reproduces
the pathophysiology of the human TOR1A-DYT1 condition, uncovering a key role for spinal
circuit dysfunction in early onset generalised dystonia. These findings highlight the key role that
the spinal cord plays in organising movement, and the importance of considering spinal circuits
in the pathophysiology of movement disorders.
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Abstract: Dystonia is one of the most common movement disorders characterized by
involuntary muscle contractions of individual muscles or muscle groups. DYT-25 is an adult-
onset form of dystonia that is caused by loss of function mutations in GNAL, which encodes G-
alpha olf, an alpha subunit of the heterotrimeric G-proteins. Expression of Galpha olf is restricted
to the striatum, cerebellum, olfactory bulb, and dentate gyrus, which suggests that GNAL may
play a unique role in the control and regulation of basal ganglia function. To investigate how loss
of GNAL leads to dystonia, we created a new GNAL floxed mouse line to allow for cre-mediated
removal of GNAL in specific cell types and nuclei. Thereafter, we investigated how striatal
knockdown of GNAL affects dystonia symptoms in our mouse model. We employed a battery of
motor assays to assess dystonia symptoms. Additionally, given evidence that non-specific
cholinergic antagonists are effective at alleviating dystonia symptoms, we also tested whether
pharmacological manipulation of the M4 muscarinic acetylcholine receptor would modulate
dystonia symptoms using a selective antagonist and positive allosteric modulator of M4R. To
further characterize our model, we tested how striatal neuronal activity is affected during
movement using fiber photometry with a genetically encoded calcium indicator. Finally, we
interrogated striatal neuronal activity, plasticity, and downstream outputs to the globus pallidus
externa and substantia nigra pars reticulata via ex vivo electrophyioslogy. Overall, our findings
suggest that our mouse model produces a dystonic motor phenotype and that striatal neuronal
activity and output is lessened by loss-of-function of GNAL. Furthermore, our findings suggest
that inhibition the M4 muscarinic acetylcholine receptor may be a promising therapy for
treatment of dystonia symptoms.
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Abstract: Cervical dystonia (CD) is a movement disorder associated with a dysfunction of a
complex neural network that comprises the basal ganglia-thalamic-frontal cortex, as well as the
cerebellum. Abnormal postures and movements of the neck and head characterize this movement
disorder. Postural instabilities in CD have been associated with impaired neck proprioceptive
processing. The present study used a dual task paradigm to explore the interaction between the
proprioceptive and attentional demands of dynamic postural control in CD. Healthy (n=17) and
CD participants (n=10) performed a postural stability limit task, with and without vision, as well
as a secondary cognitive subtraction task. These two tasks were performed alone (single task) or
concurrently (dual-task). Ground reaction forces were collected using an AMTI force platform
and center of pressure (COP) displacements were analysed. The functional limits of stability
were quantified as the maximum COP excursion during voluntary leaning in four different
directions. Our results revealed systematically smaller mean postural stability limits in CD
patients compared to healthy controls in all sensory-attentional conditions; however, this
difference reached significance only for the mediolateral axis (p< 0.05). In the anteroposterior
axis, the stability limits of CD patients were smaller relative to controls when vision was
removed, particularly in the single task condition (p< 0.05). Furthermore, interestingly, patients
with CD degraded their stability limits relative to healthy controls when concurrently performing
the attentional task under the visual condition (p< 0.05). These findings suggest a higher reliance
on visual information for dynamic postural control in CD patients and thus, increases the
attentional-cognitive processing. A deeper understanding of sensorimotor deficiency in CD is
crucial to elucidate the neuropathophysiology of CD and to develop strategies to improve
sensory-attentional challenges imposed in daily life activities.
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Title: Salience network as a predictor of responsiveness to cueing in people with Parkinson’s
disease
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Abstract: We previously showed that both open-loop (beat of a metronome) and closed-loop
(phase-dependent tactile feedback) cueing may be similarly effective in reducing Freezing of
Gait (FoG), assessed with a quantitative FOG Index, while turning in place in the laboratory in a
group of people with Parkinson’s disease (PD). Despite the similar changes on the FoG Index, it
is not known whether both cueing responses require attentional control, which would explain
FoG Index improvement. The mechanisms underlying cueing responses are poorly understood.
Here, we tested the hypothesis that the salience network would predict responsiveness (i.e., FoG
Index improvement) to open-loop and closed-loop cueing in people with and without FoG of PD,
as salience network contributes to tasks requiring attention to external stimuli in healthy adults.
Thirteen people with PD with high-quality imaging data were analyzed to characterize
relationships between resting-state MRI functional connectivity and responses to cues. The
interaction of the salience network and retrosplenial-temporal networks was the best predictor of
responsiveness to open-loop cueing, presenting the largest effect size (d=1.16). The interaction
between the salience network and subcortical as well as cingulo-parietal and subcortical
networks were the strongest predictors of responsiveness to closed-loop cueing, presenting the
largest effect sizes (d=1.06 and d=0.84, respectively). Salience network activity was a common
predictor of responsiveness to both cueing, which suggests that auditory and proprioceptive
stimuli during turning may require some level of cognitive and insular activity, anchored within
the salience network, which explain FoG Index improvements in people with PD.
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Figure 1. Each column displays the functional system pairs that show the strongest association
with improvement after cueing. A. Salience and Restrosplenial for open loop. B. Salience and
subcortical for closed-loop. C. Cingulo-Parietal and Subcortical for closed-loop. Each column
shows the distribution of the mean absolute error (mae) when predicting out-of-sample cueing
responses (yellow lines) and the out-of-sample performance of models trained with shuffle data,
i.e., Null hypothesis (Black line). Thin lines show the percentiles 5 to 95, thick lines the
interquartile rang,e and circles indicate mean values. 286 partitions were made splitting the data
randomly leaving-3-out on each run. PLSR models were fit using 4 components on each
“modeling” partition. mae are the absolute value of the difference between the predicted and
observed scores calculated by using the PLSR model obtained in the modeling subsample and
using it to predict scores in the validation subsample. The approach was repeated by permuting
data in the modeling partition each time to generate null-hypothesis data (n=10,000). Cohen
effect size is also indicated. This figure also indicates the location of the functional system pairs
in a very-inflated projection of the cerebral cortex.
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Abstract: Cervical dystonia (CD) is a form of focal dystonia associated with involuntary
cervical muscle contractions that lead to sustained or intermittent abnormal, painful head
movements or postures, which severely affect a CD patient’s daily life. Current treatment
opportunities for CD are limited and mainly consist of Botulinum toxin injections (Botox) in the
dystonic muscles or deep brain stimulation. Both methods are invasive, and Botox is not
tolerated by all CD patients. This study examined if superficial, vibro-tactile stimulation (VTS)
of the cervical muscles can be an alternative method to provide temporary symptom relief for
people with CD. Method: A total of 21 CD patients (mean age + standard deviation: 62.1 + 9.6
years, 15 females, 6 males) participated in the study. All participants were seen within two weeks
of their next Botox injection (i.e., their symptomatic period). The most often affected cervical
muscles, sternocleidomastoid and trapezius, were targeted and stimulated. Participants completed
up to 9 treatment sessions (stimulating a single muscle or the combination of two muscles) in
randomized order and based on their clinical manifestations (e.g., torticollis, laterocollis). In each
treatment session, VTS was applied continuously for 5 minutes. The planar tilt angles of head
posture were recorded with a 16-camera optoelectronic motion capture system. The self-reported
pain level and the effort level (both 100-point scales) of holding the head in a neutral position
were collected throughout the entire experiment as well. Results: First, approximately 29%
(6/21) of participants responded in at least one of the VTS treatment sessions with visible and
measurable changes in head position that restored near-normal, upright head position. Second,
76% (16/21) of CD participants reported reduced pain level during, or past VTS application in at
least one session. Mean pain level was reduced by 52% (52.3% + 28.3%) during VTS and by
21% (20.9% £62.7%) post-VTS. Third, 79% (15/19) of participants reported that it took them
less effort to hold the head in a neutral position post-VTS. The mean effort level was reduced by
51% (50.9% =+ 33.3%) post-VTS. Fourth, the effectiveness of VTS in alleviating dystonic muscle
spasms depended on the site of vibration. Typically, for those who responded, we found one
optimal vibration site or vibration site combination with other sites showing milder effects.
Conclusion: These initial proof-of-concept data demonstrate that VTS of cervical muscles can
potentially serve as a form of non-invasive neuromodulation in CD and indirectly relieve the
symptoms caused by CD.

Disclosures: J. Xu: None. J. Oh: None. S. Standal: None. P. Salehi: None. D. Martino:
None. L. Avanzino: None. A. Conte: None. J. Konczak: None.

Poster

280. Dystonias, Dystrophies, and Degenerative Disorders



Location: SDCC Halls B-H

Time: Monday, November 14, 2022, 8:00 AM - 12:00 PM

Program #/Poster #: 280.07

Topic: C.04. Movement Disorders other than Parkinson’s Disease

Title: Benefits of conditional knockout of NADC3 in Canavan disease mice

Authors: *A. DEHGHANI?, V. HULL?, Y. WANG?, S. STERNBACHS¢, J. MCDONOUGH’,
F. GUO* D. E. PLEASURE®:

1UC Davis, Davis, CA; 2Neurol., UC Davis, Folsom, CA; ®Neurol., *UC Davis, Sacramento, CA;
>Neurol., UC Davis, Davis, CA; ®Biol. Sci., ‘Biomed. Sci., Kent State Univ., Kent, OH

Abstract: Canavan disease (CD) is a recessively inherited neurodegenerative disease caused by
inactivating ASPA mutations and characterized by prominent astroglial and intramyelinic
vacuolation in forebrain, cerebellum, and brainstem. This “spongy” leukodystrophy most often
presents in infancy with hypotonia, ataxia, and failure to acquire normal developmental
milestones, frequently in association with macrocephaly and seizures. ASPA encodes
aspartoacylase, an enzyme required for cleavage of the abundant brain amino acid N-acetyl-L-
aspartate (NAA). As a consequence of aspartoacylase deficiency, brain NAA levels are markedly
elevated in Canavan disease patients. Prior studies by our laboratory and others demonstrated
that knocking out or knocking down the neuronal NAA synthesizing enzyme Nat8l in
aspartoacylase-deficient Canavan disease model mice (“CD mice”) prevents or reverses brain
NAA elevation, ataxia, and brain vacuolation. More recently we’ve documented that constitutive
deletion of Slc13a3, which encodes NaDC3, a sodium-coupled plasma membrane dicarboxylic
acid transporter with high affinity for NAA, also prevents brain NAA elevation, ataxia and brain
vacuolation in CD mice. Molecular and immunohistological studies show that Slc13a3 and
NaDC3 are expressed by astroglia, meninges, and renal proximal tubular epithelium. Our most
recent studies show that astroglial conditional Slc13a3 deletion in 2 month old CD mice
improves motor performance and partially reverses brain vacuolation, thus suggesting that
NaDC3-mediated astroglial NAA accumulation is a major contributor to spongiform
leukodystrophy in Canavan disease and identifying astroglial SLC13A3 and NaDC3 as promising
Canavan disease therapeutic targets.
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Title: Cerebellar Cognitive Affective/ Schmahmann Syndrome Scale: Need for adjusted cut-off
values
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Abstract: Patients with cerebellar disorders frequently present with cognitive and affective
symptoms termed as Cerebellar Cognitive Affective or Schmahmann Syndrome (CCAS). A brief
bedside test (CCAS Scale) consisting of twelve test items has been introduced to screen for a
CCAS by Hoche et al. (Brain 2018; 141: 248-70). The presence of a CCAS is defined based on
the number of failed test items: one failed item = “CCAS possible”, two failed items = “CCAS
probable”, > three failed items = “CCAS definite”. The original CCAS Scale has been validated
in an US-American cohort of adults with cerebellar disorders and healthy controls. The aim of
this multi-center study was to validate a recently published German version of the CCAS Scale
(Thieme et al. Neurol Res Pract 2020; eCollection 2:39). More than 200 adult patients with
various cerebellar disorders and an equal number of sex-, age- and education-matched healthy
controls participated. Test-retest and interrater reliability were good. Internal consistency was



acceptable. Sensitivity (i.e., the portion of patients correctly identified as patients) was high for
the category “CCAS possible” and moderate for the categories “CCAS probable” and “CCAS
definite”. Selectivity (i.e., the portion of controls correctly identified as controls) was high for the
category “CCAS definite”, moderate for the category “CCAS probable” and low for “CCAS
possible”, yielding a substantial number of false-positive test results. Sensitivity and selectivity
were best in patients with known extracerebellar involvement. Patients with spinocerebellar
ataxia type 3 (SCA3) performed worse on the CCAS Scale than patients with SCAG or patients
with chronic cerebellar stroke. Age, level of education and, to a lesser degree, sex influenced
performance. Results in controls were fitted to a Poisson regression model: Y=¢e”( 0.89 - 0.26 *
x_sex +0.02 * x_age - 0.09 * x_edu) where Y corresponds to the predicted number of failed
items for a healthy participant of a given sex, age and level of education. x_sex is 1 if participant
is female and x_sex is O if participant is male, x_age is the age of the participant in years and
x_edu is the number of educational years. A number of failed test items larger than Y in a
cerebellar patient is indicative of CCAS. The word fluency test items differentiated best between
patients and controls. Given the substantial overlap between the performance of healthy controls
and patients, especially regarding patients with milder forms of CCAS, other weighting or
exclusion of items, or the introduction of additional items may be necessary to further improve
the diagnostic value of the CCAS Scale.
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Title: Desynchronizing the Olivo-Cerebellar Loop: A Computational Study of Pharmacological
Intervention for Climbing Fiber Overgrowth Induced Essential Tremor.
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Abstract: Although essential tremor is the most common cause of tremor, first line medications
are not always effective for a significant portion of affected individuals [1]. Previous studies
have suggested that essential tremor may be caused by two separate mechanisms [1,2]. One
mechanism centers on pathological synchronization in the inferior olive (10), and can be
chemically induced by harmaline increasing the synchrony between IO neurons [3]. The second
mechanism centers on overgrowth of climbing fiber terminals to nearby Purkinje cells that
generates synchronized complex spikes between Purkinje cells, and is associated with a decrease
in GluRdelta2 as seen in the mutant Grid2dupE3 [2].

Our work sets out to build a computational model of these two mechanisms by constructing a
detailed electrophysiological neural model of the olivo-cerebellar loop. As expected, we are able
to confirm that the Grid2dupE3 has a much higher spectral power at the tremor frequency than
the harmaline induced tremor. Moreover, we show that the higher spectral power is a
consequence of an increase in global synchronization in the Grid2dupE3 tremor model as
compared to the harmaline induced tremor. Most importantly, we are able to show that



traditional pharmacological agents, such as GABA agonists, work in treating the harmaline
induced subtype. We next use the model to predict the effectiveness of different pharmacological
agents on the climbing fiber overgrowth subtype. We tested a P-type calcium antagonist and a
BK agonist to attenuate complex spikes, and an antagonist of muscarinic glutamate receptors that
inhibits the synaptic transmissions from the climbing fibers. Interestingly, a muscarinic
antagonist, P-type calcium antagonist, and a BK agonist were effective at desynchronizing the
olivo-cerebellar loop. Thus, our model makes relevant predictions for the next generation of
medications for essential tremor treatment.

[1] Louis, E.D., Faust, P.L. Essential tremor pathology: neurodegeneration and reorganization of
neuronal connections. Nat Rev Neurol 16, 69-83 (2020).

[2] Pan, Ming-Kai et al. “Cerebellar oscillations driven by synaptic pruning deficits of cerebellar
climbing fibers contribute to tremor pathophysiology.” Science translational medicine vol.
12,526 (2020).[3]Llinas, R., Volkind, R. A. The olivo-cerebellar system: functional properties as
revealed by harmaline-induced tremor. Exp. Brain Res. 18, 69-87 (1973).
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Abstract: Myotonic dystrophy type 1 (DM1) is a multisystem disorder caused by an expanded
CTG triplet repeat in the 3’ untranslated region of the dystrophia myotonic protein kinase
(DMPK) gene. CUG repeat expansions in DMPK RNA transcripts form ribonuclear foci that
dysregulate RNA-binding proteins. In muscles, this causes abnormal splicing, which gives rise to
progressive myopathy and myotonia. However, DM1’s cognitive symptoms do not appear to be
fully explained by missplicing of neuronal transcripts. We hypothesized RNA mislocalization
contributes to neuronal phenotypes in DM1. We differentiated neurons from DM1 patient-
derived iPSCs and neurotypical controls. Then we utilized a version of subcellular fractionation
modified for neuronal cells, followed by RNA sequencing, to characterize RNA subcellular



localization. When comparing DM1 to control neurons, we observed hundreds of mislocalized
transcripts, most of which became more cytosolic in DM1. These changes could not be fully
explained by changes in overall gene expression. We observed that GC content is positively
correlated with more nuclear enrichment in DM1. Nuclear-shifted transcripts included many
genes important for muscle and/or cardiac development, as well as components of the
extracellular matrix, a result that is consistent with DM1 phenotypes. In contrast, cytosolic-
shifted transcripts were highly enriched for the “plasma membrane” GO cellular component term
and included multiple families of cell surface receptors. Many of these are G protein-coupled
receptors, whose translation and transport to the plasma membrane are known to be highly
dependent on specific RNA localization, suggesting these changes may have functional
consequences at the protein level as well. To our knowledge, this is the first report of receptor
dysregulation in DM1 neurons. Furthermore, cell fractionation of iPSCs revealed distinct
patterns of mislocalization compared to neurons, suggesting that these changes derive from a
neuron-specific mechanism. Our results highlight neuronal RNA subcellular localization defects
as an important layer of dysregulation in DML1.
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Abstract: Fragile X-associated tremor/ataxia syndrome (FXTAS) is a relatively common
neurodegenerative ataxia that arises from a trinucleotide CGG repeat expansion that ranges from
55 to 200 repeats in the 5° UTR of FMR1. CGG repeats may drive neurodegeneration through
RNA mediated mechanisms or repeat-associated non-AUG (RAN) translation. As a complicating
factor, while the major RAN translation product from CGG repeats in a polyglycine-containing
peptide, FMRpolyG, RAN translation can potentially generate multiple protein products that
could contribute to neurodegeneration. Data in transgenic models (Drosophila and mice)
suggests that FMRpolyG synthesis is required for neurotoxicity, but whether FMRpolyG is



sufficient to elicit maximal toxicity remains unclear. In rodent neurons and through
intracerebroventricular injection of adeno-associated viruses (AAVS) expressing vectors in
neonatal mice, we expressed vectors that generate both FMRpolyG and CGG repeat RNA from
the native FMR1 5’UTR; just FMRpolyG in the absence of the repeat (through alternative codon
usage and AUG initiation codon), or just the repeat RNA (CGG-RNA) but with little FMRpolyG
production (through near-cognate start codon removal). Primary hippocampal rodent neurons
that express 100 CGG repeats in the native FMR1 5’UTR context exhibit greater toxicity than
constructs that solely express FMRpolyG, despite greater FMRpolyG production from the AUG
initiated alternative codon construct. Compared to control GFP constructs, expression of the
CGG repeat as RNA alone did not evoke toxicity. Preliminary data in AAV injected mice that
permit expression of both the CGG-RNA and FMRpolyG exhibit robust FMRPolyG inclusions
in conjunction with impaired motor behavioral deficits that mirrors the neuronal culture results.
Our results in rodent cultures implies potential synergy between FMRpolyG production and
CGG-RNA toxicity that we are evaluating in vivo. Future work will determine how this synergy
is achieved, and whether its selective abrogation is feasible.
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