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Abstract: Mutations in proteins that organize chromatin are implicated in neurodevelopmental
disorders, such as Cornelia de Lange Syndrome (CdLS). Cdl®ifsgtresent with

microcephaly, intellectual disability, and autism spectrum disorder caused by heterozygous loss
of-function mutations in genes encoding the cohesin complex proteins and the -boddisi

factor, NippeeB (NipB). These proteins functidngether in regulating chromatin structure and
gene transcription. Our objective is to determine how cohesin and cobleged proteins

regulate memory and social learning in the fruitDiypsophila melanogastein the presence of

a larval endoparasii wasp, adult flies perform two behaviors: either decrease egg laying or lay
their eggs on ethantdden food. Flies will remember this exposure following wasp removal.

Our lab has shown that known leteym memory genes and a functional mushroom body)(MB

are necessary for this memory. Adult flies (10 replicates 5 female and 1nalay3 past

eclosion (dpe)) are allowed to lay eggs on their choice of food made with water or 6% ethanol in
the presence or absence of 3 female wasps. After 24 hours,avaspmoved and flies are

moved to new enclosures each day with fresh food while the proprtion of eggs laid of-ethanol
laden food is reported.

Flies that have been exposed to wasps will also communicate their exposure to naive fruit flies
which subsequentldecrease egg laying. We use this behavior to assay social learning by placing
wildtype CantonSflies (12 replicates 10 female and 2 malg 8pe) in one section of a twaart
enclosure with or without 20 female wasps in the neighboring chamber fougsl Adter
measuring the egg depression of these fiteache
flies (12 replicates 10 female and 2 mal®d 8pe) in new enclosures with fresh food. The egg
depression of students is recorded as a measure higadsing these assays, we have

measured how flies with mutations in cohesin or NipB are able to remember and learn. We found
that mutations in SMC1, a cohesin protein, impaired memory formation while flies with
mutations in NipB have impaired memoryawrtion. Additionally, flies with mutations in Rad21,
another cohesin protein, are unable to learn while flies with mutations in SMC1 and NipB have



an impaired ability to learn. Because flies with NipB mutations have been observed to have
abnormal MB struetres while loss of SMC1 and Rad21 cause dendrite and pruning defects in
the MB, we have evaluated MB structure of mutants across their development. We are
investigating these phenotypes to evaluate influences of cohesin and gelstenh proteins on
memay and learning.
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Abstract: Mutations in the ATRlependent chromatin remodeller chromodomain, helicase,

DNA binding (CHD) 7 are the primary cause of CHARGE syndrome and have been associated
with autism spectrum disorders (ASD).Wever, the mechanisms by which mutations in CHD7
affect brain development and function are poorly understood. To address this question, we have
developed a zebrafisthd7CRISPR/Cas9 knockout model owing to the suitability of this
vertebrate model for th&tudy of early neurodevelopmenhd7knockout €hd7/-) zebrafish

larvae exhibit a small head phenotype, defects in craniofacial cartilage development, heart
defects and had no swim bladder. We also foundctindi/- fish display aberrant axonal
networkdevelopment. Interestingly, the mutant fish displayed hyperactivity particularly during
dark light cycle. It has been proposed that an aberrant inhibitory signaling in the brain is a
mechanism underlying ASD; we thus next sought to perform a detailed@naiyhe brain in

our model. We observed a marked decrease in proliferation as well as significant decrease in
GABAergic cells inchd7mutants. The decreased number of GABAergic cells in certain regions
of the brain is due to a failure in the migratidrttese cells. Treatment with the GABRA

receptor antagonist pentylenetetrazol (PTZ) showecdctithtmutants exhibit an increased
sensitivity to PTZinduced seizure, providing further evidence for GABAergic deficithuti/
mutants. Using an unbiased whatanscriptomic approach, we identified many genes involved

in cell proliferation, migration and cell adhesion that are dysregulatgwinmutant. Together,



our findings indicate loss of chd7 results in a deficit of inhibitory neurons and suggest an
esential role of chd7 in the brain neuronal network development.
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Abstract: Brain plasticity is usually associated with microstructural changes, but it can also
reflect a large macroscopic rewiring of the brain called4distance plasticity (LDP). LDP was

first described in humans with dysgenesis of the corpus callosum (dCC), enbtrmation in

which some or all callosal fibers fail to find their natural tracts and end up forming completely
new paths. So far, little is known about the detailed anatomical and temporal pattern of the
development of those connections and, to datenimaal model could reproduce the full

complexity of brain connectivity in this pathology. In the present study, we usedhigitrdield
diffusionweighted MRI to map the underlying formation of whitatter fiber tracts in a long

known murine model of dC, the Balb/c mouse. We observed that the Balb/c mouse has a large
variability in size of the CC compared to wild type C57BL/6 mice (Figure 1A). Using the high
resolution DTl images, we also noticed that, compared to a normal C57BL/6 mouse, in which the
inte-hemispheric fiber cross midline over a broad swath of the CC (Figure 1B), Balb/c mice
have their interhemispheric connections cross midline in a very restricted point of the CC (Figure
1C). Balb/c mice have a whole brain reorganization (Flgure 2) eT$mantaneous abnormalities

of the CC in Balb/c validate this strain as a suitable animal model to investigate the genetic
origins of malformations of the CC, which may lead to a better understanding of how LDP
occurs in humans.



A CC (mm2)
-

Figure 1. A Graph showing the greater variability of the size of the CC in Balb/c as compared
with controls, in axial view. B-G. Examples of the abnormal connectivity in Balb/c include the the
global callosal network, where we can observe the whole interhemispheric network in (B)
compared to a severely altered animal callosal network (C), connections of the prefrontal cortex,
where in wild type mice occur through the genus of the CC (Figure 1D) but in Balb/c go through
a CC remnant that is located more posteriory than the genus of the CC (Figure 1E). Balb/c mice
also show sigmoid bundies connecting contralateral posterior cortex to prefrontal cortex (Figure
1F, 1G). These sigmoids bundles do notexist inwild type mice, but were first discovered in human
patients of dCC.

C5bl6 - Balb/c C5bl6 - Balblc

Figure 2 Binary connectome (A) and weighted connectome (B). Red indicates stronger
connectivity in Balb/c compared to C57bl6 and blue represents stronger connectivity in C57bi6
compared to Balb/c. The narrowing of intrahemispheric connections in Balb/c mice leads to a
completely different structural connectivity of cortical areas compared to that of C57BL/6 mice.
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Abstract: Gyrencephaly is a unique structure found in limited species including human beings.
Since the expansion of neocortexyiding the structure basis for much more neurons to form
elaborate cortical network, it is of importance to investigate the underlying mechanism of cortex
folding conformation. According to previous exploration, researchers have found that outer
subventicular zone(OSVZ) is specially appears in species with complex neocortex. Further
observations strengthen that outer radial glial cells may be a major source of neocortex
expansion. Here, we suggest that A3 is involved in stemness maintenance of prpgehhgr
adjusting mitotic process. At the level of MRNA expression, A3 is highly expressed in OSVZ
human cortex detected by RNA sequencing. Consistently, in situ hybridization probe of A3 was
enriched in VZ/SVZ during mouse early development. Applyingtero electroporation, in vivo
overexpression A3 yielded the potent increase of the number of proliferative progenitors.
Meanwhile, A3 deficiency after RNAi causes neurogenesis defect both in vitro and in vivo
assays. Furthermore, in several fo$gunction experiments via CRISPR/Castediated genome
editing, A3 knockdown in mouse perturb progenitors pool with mitotic delay and chromatin
structure disrupted. A3 deletion mice showed deficient cortical thickness comparing with their
wildtype littermate. Immnostaining displayed that projection neurons sitting in deeper layers of
the cortex with Ctip2 (layer V) was diminished. Base on the potential function of A3 and related
observation, our work propose that A3 plays a role in maintaining the neural progeanio

reveal the impact of mitosis delay on selhew and development potency in corticogenesis.

Disclosures:M. Ou: None.Z. Luo: None.



Poster

550. Neurogenesis and Gliogenesis: Neuronal Development |l
Location: SDCC Halls BH

Time: Tuesday, November 2018, 1:00 PM 5:00 PM

Program #/Poster #:550.03A5

Topic: A.07. Developmental Disorders

Title: Constitutively active MEK1 signaling drives selective death of cortical parvalbumin
expressing GABAergic interneurons in mouse embryonic brain development

Authors: *M. HOLTER , G. R. BJORKLUND, S. SHAH, K. NISHIMURA, J. NEWBERN
Sch. of Life Sci., Arizona State Univ., Tempe, AZ

Abstract: Cortical GABAergic interneurons are a crucial population of inhibitory cells that
comprise approximately 20% of the total aat neuron population and can be identified by
numerous distinct genetic profiles, morphological characteristics, firing properties, and patterns
of connectivity. Cortical GABAergic interneuron deficits have been linked to several human
neurological disaters including autism spectrum disorder, schizophrenia, epilepsy, and more
recently, the RASopathies. The RASopathy family of neurodevelopmental disorders arise from
perturbations of RAS/MAPK signaling and often result in a variety of neurological

abnormaities. However, it is unclear how altered RAS/MAPK signaling affects the trajectory of
cortical GABAergic interneuron development. To address this question, we generated mice
expressing the GABAergic neura@pecific VGAT:Cre recombinase to selectively &trg Cre
dependent caMEKIMek15217/222§ mutation to all GABAergic cells. Adult VGAT:Cre caMEK1
mutant mice displayed a noticeable reduction in total cortical GABAergic interneuron number in
comparison to controls. Inspection of GABAergic interneuronygds revealed a selective
reduction in parvalbumuexpressing GABAergic interneurons with no changes in somatestatin
expressing GABAergic interneuron number. We detected similar reductions in the proportion of
parvalbumin interneurons in a separate M@Hved mutant mouse line using Nkx2.1:Cre.

Upon further investigation, we found that some nascent caM&ptessing GABAergic
interneurons located in the subpallial mantle zone exhibit increased actrastmse labeling

and apoptotic features. This sugtgethat early cell death is a key mechanism driving reduced
cortical parvalbumin interneuron number in adult mutants. Previous work has shown that
RASopathy mutations alter the expression and secretion of extracellular matrix components from
astrocytes. Reliminary evidence shows that mutated GABAergic interneurons may also
contribute to differences in perineuronal net formation as assessed by immunohistochemistry and
GABAergic-specific RIPseq. Overall, these data implicate RAS/MAPK signaling in early
panalbumin interneuron cell death and the subsequent formation of cortical circuitry.
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Abstract: Traumatic brain injuries introduce functidraad structural circuit deficits that must

be repaired for an organism to regain functionXémopus laevitadpoles, as in other systems,

injury induces neurogenesis and the negédyerated neurons then integrate into the existing

circuit, however, thenechanisms governing this integration are poorly understood. We

developed an injury model in which tadpoles are given a penetrating stab wound which damages
the optic tectal circuit and impairs visuomotor behavior. Development of visuomotor circuit
function in Xenopuss driven by sensory activity. We tested whether providing enhanced visual
experience affects circuit recovery from injury. We found that providing animals with brief
periods of enhanced visual stimulation starting 24 hours after injury increased synagtc

and circuit integration of newly generated neurons, and sped behavioral recovery. To investigate
mechanisms of activitynediated recovery from injury, we interfered with NMDA receptor

function. Ifenprodil, which blocks GIuN2B subunit containing N Beceptors impaired

dendritic arbor elaboration. GIuN2B knockdown blocked functional integration of neurons
generated in response to injury and prevented behavioral recovery. We conclude sensory activity
mediated by GluN2Bontaining NMDARs mediates strwecal and functional recovery of the

tectal circuit following injury inXenopusgadpoles.
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Abstract: Neural crest cells (NCCs) appear early in development during neurulation and are
required for proper histogenesis of a varidtyissues and organs that importantly, include the
peripheral nervous system and structures of the craniofacial skeleton. NCCs have also recently
been the center of attention in stem-t@ked research due to their regenerative multipotent
abilities. Impatant developmental aspects of NCCs generation, migration, and differentiation

and their subsceptibilty to gene mutation remain unresolved debilitating deficits that arise from
abnormalities of these processes, Here, we report on a mutant mouse witbrsenmsgtation in

the Paklipl gene, which encodes a protein necessary for 60S ribosomal subunit formation. The
homozygous mutant of this line showed severe developmental defects, including orofacial cleft
affecting palate and maxillae, cranial nerve maltgyeent, generalized hypoplasia, and

embryonic lethality. Analyzing the rate of proliferation/cell death in the-tyiie¢ vs mutant, we

found that the apparent craniofacial phenotypes were generated by a loss of NCC. The TUNEL
assay, assessing cell deatbinfirmed that the rate of cell death in mutants is higher than that of
the wildtype, while a pHH3 immunofluorescent analysis, targeting currently dividing cells,
showed a deep decrease in proliferative activity in the mutant when compared to the normal
condition. Based on these findings, we propose an explanation for the craniofacial defects seen in
the mutants involving the loss of NCCs during early development. According to our hypothesis,
the low numbers of NCCs would prevent them from reaching theetirregion from their

origin, which are incidentally the frontonasal prominences. As Paklipl is pivotal for proper
ribosome activity, its functional loss would most likely translate in nuclear stress and subsequent
Tp53 upregulation. Therefore, we anabd the expression levels of Tp53 and registered, in the
mutant, an increased Tp53 activity and G1 cell cycle arrest in neuroepithelial cells, which give
rise to the neural crest. Our findings illustrate that the developmental abnormalities observed in
thePaklipl mutants are predominantly based on the specific loss of NCCs during development
and point towards pharmacological or genetic Tp53 interference as a potential rescue strategy for
Paklipl lossof-function.
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Abstract: Nutrient status affects the developing brain, yet the effect of nutrient restriction and
food availability on a cellular levéh vivois poorly understood. In the absence of external

nutrients Xenopus laevitadpoles enter a period of developmental stdsring which neural
progenitor cell proliferation is drastically reduced, with proliferation synchronously resuming
when food becomes available. Here we investigate the mechanisms by which neural progenitors
halt cell division in response to nutrienttregion and then r@nter the cell cycle upon feeding.

We demonstrate that nutrient restriction causes tectal progenitors to stop progression through the
cell cycle after S phase, and that the reintroduction of nutrients triggers progenitors to
synchronosly re-enter the cell cycle at Mhase, suggesting cells in stasis are paused at G2.
Consistent with a model for G2 arrest, we find that levels of phosphorylated cdc2 are decreased
upon stasis entry and return upon the resumption of feeding. We demathstrgt@genitors

along the tectal midline have increased DNA content in response to nutrient restriction, further
supporting a G2 arrest model. We also show that initiation of the nutestnictioninduced G2
pausing is rapamycimsensitive, but celtycle reentry requires mTOR signaling. This capacity

of neural progenitors to pause cell cycle progression in G2 provides a mechanism to control
proliferation in response to nutrient availability and yet allows cells to be poised to divide

quickly when ntrients become available. This may be a general cellular mechanism that allows
for developmental flexibility during times of limited resources.
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Abstract: The glycoprotein nometastatic melanoma B (Gpnmb), a tfgeansmembrane

protein, is produced by various types of normal cells including melanocytes, osteoclasts,
osteoblasts, and dendritic cells in peripheral blood, as well as by various tumor cells. An
increasing number of studies have described that Gpnmb is abundantly expressed in invasive
glioblastomas, suggesting its involvement in tumor progression and metastasis. Previously we
reported that Gpnmb is produced by macrophages and microglia in thal mentral nervous
system of postnatal and adult rats (Huang, 8t al, Brain and Behavior 2, 896, 2012;

Yokoyama, S. Soc. Neurosci. Abstr., 674.14, 2016) and by cells in the choroid plexus
epithelium, ventriculasubventricular zone and neocortextie embryonic rat brain

(Yokoyama, S. and Zhu, H. Soc. Neurosci. Abstr., 197.14, 2017). The purpose of this study was
to define more in detail these Gpryimbmunoreactive (IR) cells in the embryonic brain. At E10,
GpnmbBIR was only faintly detected in thentricular wall. At E13, GpnmiR cells were

present in the lateral ventricle wall, extending radial fibers from ventricular zone to pial surface.
These GpnmiR cells were positive for nestin and vimentin, markers for radial glial cells. At

E16 and E19%egional difference in Gpnmlik became prominent. GpnriBR was

predominantly distributed in the choroid plexus of the lateral and third ventricle; the soma of the
GpnmbBIR cells migrated to the subventricular zone. These Gpiftrdells were frequently eo
stained with specific markers including Sox2 for neural stem cells, doublecortin for neuroblasts,
and bromodeoxyuridine for cell proliferation, as well as radial glia markers. These data suggest
that Gpnmb is involved in the neural development in the eomioz\brain.
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Abstract: Aniridia is a congenital and progressive disorder affecting approximately 1 in 83,000
live births. Although the disorder is most well known for its ocular phenotypes, the condition has
a several other abnormalities, which are oelyently emerging as prominent features of the
disorder. These include neural, sensory, cognitive, and auditory processing deficits.
Development of aniridia in humans is predominately caused by heterozygco$fosstion

mutations in théAX6gene, a higly conserved transcription factor critical for normal eye and

brain development. PAX6 has been implicated in aspects of central nervous system development
such as patterning, regionalization, and the
the adult brain have yet to be described. Our lab has utilized 3T MRI to show structural changes
in the brains of aniridia patients as compared to th&KX6normal comparisons. Consistent with
other reports, we found reductions to major fiber tracts ssitheaanterior commissure,

posterior commissure, and optic chiasm in addition to lack of or reduction to the pineal gland.
The cellular basis for these changes are not well understood, so we have turned to the rodent
model of aniridiaSmall eyewhere wecan utilize a variety of tools to assésx6expression

and the neural consequences of mutations in the brain. The current study employed MRI using a
7T Agilent system to acquire structural brain images using 3D T2 weighted fast spin echo
sequences, voluetric analysis, histological examinatidPax6transgenic mouse lines, and

tissue clearing of the adult brain to examine the consequences of loss of one functional copy of
thePax6gene. Results indicate that while our rodent model recapitulates centigiiist|

changes seen in our human population such as the optic chiasm, it does not capture all of the
structural changes seen in our aniridia patients. Our results suggest that within our human
population there are potentially modifier effects contribgitmthe structural brain changes we



see. We are currently using the whole tissue clearing method, iDISCO, to help us better
understand the role PAX6 plays in the adult brain and the consequences of heterozygwus loss
function of this gene. Collectivelyhese data allow us to visualize the overlap between adult
Pax6expression and structural brain variants, and provide new hypotheses regarding the effects
of early versus aduRAX6haploinsufficiency in the mammalian brain. Implementation of this
approab also provides a novel platform for investigating the link between gene expression and
neural structure and connectivity, with broad applications for neurogenetic research.
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Abstract: The role of chromatin remodeling machinery in neurodevelopment is becoming
increasingly more apparent. Akirin2 (Aki2) is a highly conserved nuclear protein believed to act
as an intermediarybgte en transcri ption factors (e.g., NF
chromatin remodelers with roles in immunity and myogenesis. Although Aki2 is expressed
prominently in neuronal progenitors, postmitotic neurons, and astrocytes, its function in the brain
was,until recently, entirely unexplored. Using conditiodi2 knockout mice, our laboratory

has shown that restricted loss of Aki2 in early cortical progenitors results in disrupted
proliferation, aberrant neuronal differentiation, and massive apoptosisi{&b al.Neural
Development2016). The role of Aki2 ipostmitoticneurons in the postnatal brain, and the
molecular mechanisms through which it regulates neuronal development and maturation, remain
unknown. To test the hypothesis that Aki2 regulatgtepns of gene expression critical for the
maturation, maintenance, and survival of postmitotic neurons, we uiiabtKII-Cre and

Pcp2Cre mouse lines to delete tiAki2 gene from excitatory neurons of the forebrain or

postmitotic Purkinje cells of theerebellum, respectively. BamKI-Cre;AkiZ" mice, Aki2

expression is lost from excitatory cortical neurons by ~P18. By P50, the cortex is significantly
thinner in knockout mice, with fewer neurons and reduced dendrite arborization. Expression of



GFAPIis significantly increased, likely indicative of reactive gliosis. By PTHMKIF

Cre;AkiZ'" mice are significantly smaller than control littermates and cortical layers are severely
thinned, with evidence of neurodegeneratiorPép2Cre;AkiZ"! mice, Aki2 expression is lost

from Purkinje cells at ~P6. Purkinje cell axon degeneration is already apparent 4 dadkiafter

loss. At P35, there are fewer Purkinje cell somata, the molecular layer, containing Purkinje cell
dendrites, is thinner, and Bergnn Glia also upregulate GFAPcp2Cre;Aki2'! mice develop

a tremor by P30 that progresses with age. Together, these data indicate crucial roles for Aki2 in

t he maturation and survival of postmitotic ne
paterns of gene expression, current efforts are focused on generating transcriptomic data from
knockout cortical and cerebellar neurons in order to identify downstream molecular mechanisms.

Disclosures:S.L. Peek:None.J.A. Weiner: None.
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Abstract: In the small freshwater cnidari&iydra, all differentiated cells in the homeostatic

adult animal are replaced every-20 days, including the entire nervous systeiydrais also

able to regenerate its nervous system following catastrophic injury. Our ultimate goal is to
understand the general principledyfdra neural plasticity in botlhomeostatic and regenerative
conditions. As a first step towards this goal, we are using single celidéiydencing (SCRNA

seq) to build a complete molecular map oflthyelra nervous system. We have thus far

identified eight neuron subtypes with unique emnilar signatures and are mapping the location
of these subtypes in tit¢ydranervous system using in situ hybridization. Based on our
preliminary scRNAseq data and published literature, we hypothesize that continual renewal of
theHydranervous system wler homeostatic conditions is accomplished by a combination of
two mechanisms: 1) specification of new neurons from stem cells (neurogenesis) and 2)
transdifferentiation between neuron subtypes. In our future work, we aim to use our-seBNA
data to identy and test transcription factors unique to neurogenesis and transdifferentiation, thus
gaining insight into the regulatory control of nervous system plasticity. Additionally, we plan to
build transgenic reporter lines to quantify the number of neurogesied transdifferentiation



events that occur during both homeostatic maintenance and regeneration of the nervous system.
Through these exploratory studies, we hope to elucidate the molecular mechanisms that underlie
neuronal plasticity and regeneration.
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Abstract: A variety of studies have already highlighted cellular and molecular differences
between human brain development and that of other mamivigdeesent, it is universally

accepted that the early cephalic mesenchyme contain migregorgns produced from

progenitor cells in the neurogenic placodes and the neural crest, in all mammalian species. We
demonstrate that the human cephalic epithelium adjacent to the forebrain contain hitherto
unrecognized stem cell niches generating precscimigratory neurons, which are distinct from

the pioneer neurons of the olfactory placode, and the neurons of the neural crest origin.

Human embryos from Carnegie stages (CS)17102941 days postonception) were obtained

from the Human Developmentaldbogy Resource UK. We used a number of-spkcific and
proliferative markers to reveal the phenotypic characteristics and migratory pathways of the first
neurons in the cephalic ectoderm and mesenchyme. We developed a new approach to reconstruct
cells n sections of the human ectoderm, diencephalon, cortical wall, and retina by rapid, high
resolution volume rendering of multichannel 3D confocal data sets from a Zeiss LSM 710
confocal microscope. The majority of precocious-2ZWpositive ectodermal neursrappear to
migrate tangentially within the ectoderm, and some delaminate from the epithelium to coalesce
within the mecenhyme surrounding the rostral telencephalon. Intriguingly these neuronal
populations form the first connections between the severainegf the embryonic

telencephalon and the early cephalic ectoderm. Some neurons migrate into periocular
mesenchyme and extend raxonal processes through the prospective pigment epithelium into
the neural retina. Others invade the presumptive cortigklp@rhaps providing additional



signalling information to the local stem cell niche. The onset of local neurogenesis in ventral
diencephalon presides the generation of neurons within the ectoderm at the roof of the future oral
cavity. The fibers of the meons located in the oral ectoderm form a dense network along the
basement membrane adjacent to the ventral hypothalamus by CS13. Pioneer olfactory neurons
constitute a distinct migratory population at CS143 Their processes penetrate the restro
ventralcerebral wall by CS17.

Thus the human cephalic epithelium adjacent to the forebrain contain hitherto unrecognized stem
cell niches generating precocious neurons with distinct migratory routes.

Supported by The Zvi and Ofra Meitar Family Fund. The humabryonic and fetal material

was provided by the Joint MRC / Wellcome Trust (grant # 099175/Z/12/Z) Human

Developmental Biology Resource.
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Title: FMRP regulates adult neural stem cell maintenance
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Abstract: Fragile X syndrome (FXS) is the mgsevalent inherited intellectual disability,

resulting from a loss of fragile X mental retardation protein (FMRP). FXS patients suffer lifelong
cognitive disabilities, but the function of FMRP in the adult brain and the mechanism underlying
agerelated cgnitive decline in FXS remain unclear. We have previously shown that FMRP
deficiency leads to aberrant activation of neural stem cells residing in the hippocampus of young
adult mice leading to impaired cognitive deficits. Here we investigated whetheactixation

of neural stem cells lead to stem cell depletion in older mice. We found that that in mature adult
(6 month old) FMRPdeficient mice, there is a significant reduction in the numbers of adult



neuronal stem cells leading to reduced new neuraduation and cognitive deficits. Our work
reveals an important role for FMRP in adult neural stem cell maintenance and present a potential
novel therapeutic strategy for treating mature adult FXS patients.
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Title: Autophagy mediates astrogenesis of adult hippocampal neural stem cells

Authors: *S.-H. JEONG, S. HA, K. Y1, J. J. CHU, SW. YU
Brain and Cognitive Sci., DGIST, Daegu, Korea, Republic of

Abstract: Neural stem cells (NSCs) have the ability to-setfew and differentiate into neurons,
oligodendrocytes and astrocytes. Highly dynamic nature of NSC differentiation requires the
intimate involvement of catabolic processes, such as autophagy. Autophagy is a major
intracellular degradation pathway for celuhomeostasis and remodeling. Autophagy is
important for mammalian development and its role in neurogenesis has recently drawn much
attention. However, little is known how autophagy is associated with differentiation of NSCs
into other neural lineages. Hg we report that autophagy plays a critical role for adult
astrogenesis. Autophagy flux increased at the early time points, but then returned to the normal
level during differentiation of adult hippocampal neural stem (HCN) cells into astrocytes.
Geneticsuppression of autophagy by stable knockdown of Atg7 or CRIZRBBmediated

knockout (KO) of p62 impaired astrogenesis, while reintroduction of p62 recovered astrogenesis
in p62 KO HCN cells. Taken together, our findings demonstrate that autophagy jgiaysole

in astrogenesis of adult NSCs.
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Abstract: The genes underlying symptoms of Tuberous sclerosis (TS), TSC1 and TSC2, have
been assessed for tations over several years. Notably, many of these mutations are missense
and of unknown impact. We wanted to understand the functional impact of these mutations in the
human TSC1 and 2 genes and their effect on their encoded proteins, Hamartin and Tuberin
respectively. Hamartin and Tuberin form an obligatory complex that indirectly inhibits the

activity of the mammalian target of rapamycin complex 1 (mTORC1). Moreover, mMTORC1
activity has been implicated as a biological hub for many autism spectrumediéd8D) risk

genes, and in turn, a TS diagnosis has a high comorbid rate of ASD. Herein, we will test the
impact that missense mutations discovered in TSC1 and 2, witkdiagiosis of ASD, have on

protein function. We are currently assessing these mnsathrough cellular and biochemical

assays. In addition, we are performing these experiments in cortical GABAergic interneurons, a
cell type altered by deletion of Tscl, and a likely cell type involved in TS pathogenesis. We have
also discovered novel photypes regulated by Tscl in mouse cortical GABAergic interneurons
and will explore the role of these mutations in the respective phenotypes. In addition to the
cellular and biochemical assessments, we will ascertain how human TSC1 and 2 mutations
impactthe cellular morphology and molecular identity of this important cell group. Overall,

these data have the potential to uncover novel signaling mechanisms that lead to symptoms in TS
and broaden our understanding of how human missense mutations impaottiosfof

Hamartin and Tuberin.
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Neurol., Universitatsmedizin Goettingen, Goettingen, Germany

Abstract: Objective: The generation of functional dopaminergic neurons from fibroblasts and
induced pluripotent stem cells (iPSCs) is tedious and-tiomsuming, therefore the objective

was to efficiently generate dopaminergic neurons by transdifferentiation of readily available
primary postmitotic cortical neurons using transcription factors ASCL1, NURR1, LMX1A, and
PITX3. Methods: AdencAssociated Mial vectors were used to deliver each transcription factor
alone and in different combinations in primary cortical neurons. 150,000 cells were seeded in
each well of 24 well plates, transduced at day in vitro 0, and examined by immunocytochemistry
for tyrosine hydroxylase (TH), a mature dopaminergic neuronal marker, 7 days after
transductionResults: We demonstrated that dopaminergic neurons can be efficiently generated
in 7 daysn vitro (div) by transdifferentiation of poshitotic neurons. Overexpressiof

ASCL1, NURR1, and LMX1A together yielded1®% (1218% in 14 div) of TH positive

neurons, whereas ASCL1 alone, LMX1A alone and both of them together did not yield any TH
positive neurons. NURRL1 alone yielded 2% of TH positive neurons. A combinatidmX<ifA

and NURR1, and ASCL1 and NURR1 yielde®% of TH positive neurons. While only a sub

set of cortical neurons were transdifferentiated, it was found th@8%3of GABAergic neurons
were TH positive when NURR1 alone was overexpressed. LMX1A, NURRIPHA X3 were
functional as each of them when expressed in human iPSCs were able to pattern and differentiate
human iPSCs into TH positive neurons, acting as a control system. In summary, results
suggested that NURR1 was found to be a critical transarifgictor in combination with

ASCL1 and LMX1A for transdifferentiation of poestitotic GABAergic neurons into

dopaminergic neuron§onclusion: Efficient generation of dopaminergic neurons from post
mitotic GABAergic neurons is the first ever evidence ahsdifferentiation of terminally
differentiated neuronal cells.
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Abstract: Malformations of the human neocortex, such as periventricular heterotopia (PH),
result from disturbances in the ity regulated processes of brain development. In PH; new

born neurons fail to migrate to their destined place, leading to malpositioned grey matter along
the lateral ventricles. Only mutations in a few genes (FLNA, ARFGEF2, FAT4, DCHSL1) are
known to causéhis neuronal migration disorder in humans. To identify new molecular pathways
involved in brain development and to find novel genes involved in PHh&ased Whole Exome
Sequencing was performed. Here, we concentrate on the identified candidate gémeliand
converting enzym (ECE2).

Mouse models carrying mutations in genes identified in patients with cortical malformation only
partially recapitulate expected cortical phenotypes. Thus, in addition to manipulating the
expression of the candidate geneéhe developing mouse brain, alternative model systems are
needed that are more similar to the developing human brain. Induced pluripotent stem cells
derived from human somatic cells (hiPSCs) were used to generate neural precursor cells and
neurons (2D[Boyer et al.,2012]), as well as cerebral organoids (COs, 3D, [Lancattdr,

2013]) as model systems for the developing human brain.

In ourin vitro human model systems, we identified ECE2 to be expressed in vesicles of both
neural progenitor cells dnat a higher level, in neurons. Global pharmacological inhibition of
ECE2 activity in 2D caused a change in the dynamics of young migrating neurons, whereas its
acute knockdown (KD) or overexpression had only mild effects. This hints at the involvdment o
mostly noncell-autonomous mechanisms. Upon inhibition of ECE2 in COs, the production of
neurons was reduced and radial glia (RG) polarity was disturbed. Acute KD of ECE2 by
electroporation into ventricles of COs led to an increased amount of hetersgapans in the
vicinity of electroporated radial glia cells, partially recapitulating the patient morphological
phenotype. Thus, ECE2 expression may be necessary for correct morphology of radial glia,
which are used as scaffold for neuronal migratioméocortical plate.



Accordingly, acute KD of Ece2 in the developing mouse brain, lead to partial delamination of
progenitor cells, giving rise to ectopic neuronal cluster formation.

Altogether, new candidate genes for neurodevelopmental disorders cantbediby whole
exome sequencing and studied by combimingtro human models and vivoanimal models.

COs can be used to recapitulate patient phenotypes and to decipher pathogenic mechanisms
based on both disturbed RG scaffold and malfunctional naumigration.
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Abstract: In previous studies we repodt¢hat HS\¢1 infection of cultured neurons induced the
proteolytic processing of Amyloid Precursor Protein (APP) and intracellular accumulation of

amyloidb protein (Ab) thus impairing synaptic tre
Here we invesgjated the effects of HSY on proliferation and differentiation of hippocampal

neural stem cells (NSCs) isolated from newbor
We found thatHSML i nf ecti on (0.5 MOI) inducaadl Ab accu
reduced their proliferation§0%vs mockinfected NSCs, 24 h pastfection, assessed by Ki67
expression and BrdU incorporation; P<0.05). Infected NSCs also exhibited decreased neuronal
differentiation, evaluated by MAP2 immunoreactivity. IndeedyVHiSinfection reduced the

percentage of MAP2NSCs by 35%, 42% and 38% (P<0w5mockinfected cultures) after 3,

6 and 9 days of differentiation, respectively. Accordingly, the percentage of NSCs expressing the

glial marker GFAP increased (P<0.@% mock-infected cultures). The HS¥-induced

i nhibition of NSC proliferation and different



demonstrated by the reversion of these effects after treatment of infected NSCs with 4G8

ant i bodny dseaetage inhibitor§Ve then extended our studies toimwivo model of

recurrent virus infections. HSY was inoculated in-inonth old C57/bl6é mice by snout abrasion

in order to induce latency and virus was subsequently reactivated twice by thermal stress at 1

month intervés. One week before sacrifice mice were injected with BrdU and hippocampal
neurogenesis was studied by immunohistochemistry. The number of BetléJand newly

generated neurons (i.e., cells positive for both BrdU and the neuronal marker doublecortin,

DCX) was significantly reduced in the dentate gyrus (DG) of HSrfected mice {28% and

48%, respectivelys mock; P<0.05). Instead, hippocampal neurogenesis was not altered in the

DGof HSV-1-i nf ect ed APP KO mice thus cH&WEdrivermi ng t h
effects on NSCs. Western blot (WB) experiments investigating DCX and NeuroD1 protein

expression confirmed immunohistochemical data. The reduction of proliferation and

differentiation of virusinfected NSCs observed bathvitro andin vivodid not depend on cell

death, as assessed by Vybrant apoptosis assay and WB analysis of BAX/Bcl2 expression.
Collectively, our results demonstrate that HEVhfection reduces hippocampal NSC

proliferation and their neuronal differentiation via intradellmar accumul ati on of A

Disclosures:R. Piacentini: None.L. Leone: None.K. Gironi: None.M.E. Marcocci:
None.G. De Chiara: None.A.T. Palamara: None.C. Grassi: None.

Poster

550. Neurogenesis and Gliogenesis: Neuronal Development
Location: SDCC HallsB-H

Time: Tuesday, November 6, 2018, 1:00 PBt00 PM

Program #/Poster #:550.20A20

Topic: A.01. Neurogenesis and Gliogenesis

Support: Paracelsus Medical University PMU: FFF1B/04/084BEN
Paracelsus Medical University PMU:R/04/063KON
AustrianScience Fund (FWF) F44010, F44B23
German National Academic Foundation
DFG SFB 1134
Spanish Ministry of Economy and Competitiveness: SAFARA36R
Generalitat Valencia Prometeo Excellence Program: PROMETEO2013/069

Title: Physiological maturatioand network integration of neproliferative neuronal precursors
in the adult murine piriform cortex

Authors: *B. BENEDETTI 12, R. KONIG"32 D. DANNEHL>'2 C. KREUTZER? M.
BELLES®, M. RITTER!, T. M. WEIGER, J. NACHER, M. ENGELHARDT, L. AIGNER??,

S. COUILLARD-DESPRES?

inst. of Exptl. Neuroregeneratiof§pinal Cord Injury and Tissue Regeneration Ctr. Salzburg



(SCFTReCS)2Inst. of Mol. Regenerative MedInst. of Physiol. and Pathophysiology,
Paracelsus Med. Univ., Salzburg, Austfiast. d Neuroanatomy, Med. Fac. Mannheim,
Heidelberg Univ., Mannheim, Germarfpept. of Cell Biol., Univ. of Valencia, Burjassot,
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Abstract: In the adult murine piriform cortex, neggroliferative newonal precursors express the
protein doublecortin (DCX) and eventually become mature neurons. The physiology of these
cells and their relevance for brain functions are unknown. Here we investigated the neuronal
precursor so str uctiomrgadstiorangwhetheuthey éventualybdecomeat ur at
equivalent to other principal neurons of this brain region. Patch clamp experiments and
morphometric analysis of axon initial segment were carried out in acute brain slices and
histological sections respectlyeAccordingly, the fate of precursors was traced in transgenic

mice (DCX/dsRED and DCXreRT::CAGfl/eGFP) where these cells can be fluorescently
labeled, studied throughout maturation and compared to othenatgéed principal neurons.

Young precursor@angled cells) and immature neurons (young complex cells) were analyzed in

2 - 4 months old mice, and more mature (old) complex cells were analyzedBiménths old

mice. Tangled cells were small, virtually received no synaptic input and produceé acton
potential. Young complex cells received sparse synaptic input, produced low action potential
frequencies, had small capacitance, small inward and outward currents and slow action potential
kinetics. Young complex cells were in this respect simidaearly postnatal (P0304) immature
principal neurons. Old complex cells displayed increased amount of synaptic input, larger
capacitance, larger inward and outward current, and sharper action potential kinetics, but
retained low action potential firg frequencies and developed a remarkably high rheobase,
implying limited excitability. Furthermore, the axon initial segment of old complex cells was
shorter than that of other agathtched principal neurons. Strikingly, while principal neurons
typically received a mixed glutamatergic and GABAergic synaptic input, gabazine completely
blocked postsynaptic currents in complex cells of any age spontaneous suggesting exclusive
GABAergic input. On one hand, the odd functional features of complex cells chétemge
relevance for the adult brain; on the other, their unique features suggest that these cells are new
coding elements in the piriform cortex rather than the simple replacement or addition of
homologous coding units to the preexisting network compsnent
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Abstract: The entorhinal cortex (EC) acts as a gateway for information traveling in and out of
the hippocampal formation and is important for spatial memory. The stellate cell (SC) resides in
the nedial EC, projects to the dentate gyrus and contributes to both the grid and border cell
phenotypes. However, very little is known about the molecular identity of SCs. SCs express
reelin (RELN+) and calbindin negative (CALBland this differentiates thefrom the other

main principle neurons. The aim of our project is to develop novel differentiation protocols to
produce SCs from induced pluripotent stem cells (iPSCs). We therefore decided to probe the
developing EC to identify key growth factors and cytels that are critical for the formation of

SCs. We selected the pig as a model, since it may better reflect human EC development
compared to the rodent, due to its gyrencephalic anatomy. Embryonic brain tissue was obtained
from a local slaughterhouse. Tdentify the period of neurogenesis and EC development, we
performed Nissl staining and postmortem structural MRI on brains collected at embryonic day
(E) 40, 48, 60, 70, 80, 100 and postnatal day (P) 75 (gestation length 114 days, n=3). We
identified cels which have entorhinal cortex cytoarchitecture properties at the Layer Il border as
early as E49 and a more mature EC cytoarchitecture was observed at E60 in the ventral
telencephalon, within the piriform lobe. Furthermore, using histological paramegecsuld

delineate the lateral (LEC) from the medial EC (MEC). Furthermore, immunolabelling revealed
that the posterior EC, containing the MEC, presented neurogenesis already by E40. Radial glia
cells were found in the ventricular zone (VZ) and expressefREBLBP, SOX2 and PAX6.

Further, a marker of intermediate progenitors, TBR2, was detected in thZsurterestingly,

we found GFAP+/BLBP+ cells, even in the ependymal layer at P75 (23.31%). We identified a
population of RELN+/CALBYMAP2+ neurons at #nsuperficial border of Layer Il appearing

at E60, which we presume to be the SCs. The percentage of these cells in Layer Il increased from
1.87% of the population in the cortical plate at E60 to 51.77% within Layer Il by E100. We
compared RELN expressiamthe pig to that in 21 week old human fetal EC, and found no
RELN+ neurons in the Layer Il in the human. This study has led to the characterization of the
developing EC in a new species and documented when SCs arise in a large mammal. We are
currently amlysing singlecell sequencing data from the embryonic brains, allowing us to

identify growth factors and cytokines important for SC development. This may eventually lead to
the creation of novel SC differentiation protocols from human iPSCs.
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Abstract: The nervous system comprises diverse and highly specialized ftgpes) each
expressing anique set of genes that defines its functional properties. What molecular
mechanisms generate diverse neuron types remains unknown. StudZoélbgans
chemosensory BAG neurons showed that a p38 Mitogen Activated Protein kinase (MAPK),
PMK-3, is reqired for their proper differentiation. How p38 MAPKs function in
neurodifferentiation is poorly understood. Through analysis of mutations that restore gene
expression tpmk3 mutant BAG cells, we found that genes that promote neural activity and
secretiorantagonizegmk3 dependent gene expression in developing BAG neurons. Silencing
BAG neural activity also sufficed to restore gene expressipmted3 mutant BAG cells,
suggesting that an autocrine activitgpendent signal antagonizes Pidependent
neundifferentiation. To determine the identity of the secreted signal, we used3RNA0
transcriptionally profile wildtype andomk3 mutant BAG neurons. We found thahk3 mutant
BAG neurons overexpressed multiple insulin like peptides (ILPs) as contpasgd-type
neurons, indicating thamk3 inhibits expression of ILPs. To test whether ILPs are the signal
that antagonizes PMR dependent neurodifferentiation, we overexpressed the dominant
negative ILPdaf-28(sal191)n pmk3 mutant BAG cells to disrupnsulin production and release
from BAG. This manipulation was sufficient to restore gene expression and fungiok®
mutant BAG neurons. Furthermore, BAG egtlecific knockdown of the insulin receptor
homolog, DAF2, also restored gene expressaonl function tgomk3 mutant BAG cells.
Together our data delineate a mechanism through which p38 MAPKs promote proper sensory
neuron differentiation by inhibiting an autocrine and actidigpendent insulin signal that
represses expression of a BAG neufate. These findings reveal an unexpected role for insulin
signaling in nervous system development and suggest that Hikalfiactors are at the nexus of



intrinsic genetic programs and extrinsic signaling mechanisms that regulate neuronal
differentiaton.
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Abstract: Human fetalderived neural stem/progenitor cells (hfNSCs) are under clinical
evaluation for several neurodegenerative diseases. These cells display a favorable safety profile
but require immunosuppression upon allogeneic transplantation in patients. In this scenario,
obtainingbonafide neural stem/progenitor cell (NSC) populatidresn human induced

pluripotent stem cells (hiPSCs) is relevant for the development of autologous approaches to treat
neurological disorders. We have recently generated hi8i€@ed NSCs (hiPBISCs) sharing
phenotypic and functional identity with hfNSCsopiding proofof-principle of their potential
application inex vivogene therapy protocols for metachromatic leukodystrophy, a demyelinating
genetic disease. The transcriptional and epigenetic mechanisms underlying hiPSC commitment
towards the neural leage need to be investigated to optimize the production and to define the
safety profile of hiPSNSCs in the perspective of their potential clinical application. In this study,
genomewide transcriptomic analysis revealed a strong downregulation of tigtiacifactors
regulating pluripotency, cell cycle and cancelated pathways and the concomitant appearance
of a distinct @ nNSCs (awithousdongroralonerelaged bias)rhightight g

the role of known and unknown master regulatdrthe transition from pluripotent to neuwral
restricted stem cells. Computational integration of R and Chif3eq data showed a

dramatic change in the usage of «gglkcific enhancers and supgrthancers during hiPSC neural
differentiation suggestindneir major role in the generation and maintenance of-hNiBS

population. Differences in the transcriptomic and epigenetic profiles of 8 and hfNSCs



can be ascribed to culture conditions, regionalization and differentiation potential, with no major
signs of activation/misregulation of potential cane®ated pathways directly attributable to a

pluripotent fAmemoryo or abnormal differentiat

epigenetic analyses will clarify the dynamic changes occurring dhi#§C neural fate, helping
to define a consistent ANSC signatureodo that
efficiency of hiPSNSC populations to be used for cell therapy approaches.
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Abstract: Despite widespread interest in using human induced pluripotent stem cells (hiPSCs) in
neurological disease modeling, a suitable model system to study human neonoregtivity is
lacking. Here, we report a comprehensive and efficient differentiation paradigm for hiPSCs that
generate multiple CA3 pyramidal neuron subtypes as detected by-saigRNA sequencing
(RNA-seq). This differentiation paradigm exhibits meristics of neuronal network

maturation, and rabies virus tracing revealed synaptic connections between stiamicadl

dentate gyrus (DG) and CA3 neurons in viteoapitulating the neuronal connectivity within the
hippocampus. Because hippocampafdnction has been implicated in schizophrenia, we

applied DG and CA3 differentiation paradigms to schizophrpat&ntderived hiPSCs. We
detected reduced activity in BGA3 co-culture and deficits in spontaneous and evoked activity

in CA3 neurons fronschizophrenigatientderived hiPSCs. Our approach offers critical insights
into the network activity aspects of schizophrenia and may serve as a promising tool for
modeling diseases with hippocampal vulnerability.

m
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Abstract: Prevalence of neurdevelopmental disorders in perinatally HivMected children or

in infants born to opioid abusing mothers suggest perturbations in neural stem/progenitor cell
(NPC) furctions further leading to neurobehavioral abnormalities. Sinecearbid HIV and

opioids have been shown to affect the proliferative potential of NPCs, we investigated if
multipotency of these cells is compromised. Human fetal NPCs were exposenhtokdd HIV-
protein, Tat and morphine and differentiation into neuronal lineage was assessed.
Comprehensive gene analysis revealed reduced expression of genes involved in maintenance of
NPC pool and initiation of differentiation, and simultaneous increase tarcéasic helixoop-

helix (bHLH) transcriptional repressors such#syandHes.Further programming of NPCs into
neuronal lineage in presence ofrmorbid HIV-Tat and morphine exposure revealed
compromised neurogenesis which may serve as a confouraditog for HIV Associated
Neurocognitive Disorders (HANDs). Following neurogenesis for up to two weeks in culture with
simultaneous HIV1 Tat and morphine exposure revealed doggulation of several genes

involved in cell adhesion, establishment and mamtee of neuronal connections and synapse
assembly. Ours is the first study which has looked into neuronal differentiation of human NPCs
with co-morbid HIV-1 Tat and morphine exposure and provides a new facet talkiy abuse
co-morbidity that may have faeaching clinical consequences both in paediatric as well as adult
neuroAIDS.
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Abstract: Gene regulatory regions of the human genome active in the prenatal human cerebral
cortex are thought to drive human brain evolution, and contain loci that confer risk for
neuropsychiatric disorders. These stages are impossibiedel in a longitudinal, dynamic

fashion using postmortem brain tissue. Here, by comparing human forebrain organoids derived
from induced pluripotent stem cells (iPSCs) and isogenic fetal cerebral cortex, we demonstrate
that, on the transcriptome andggnome level, organoids model embryonic and early fetal
cerebral cortical development before 16 week post conception. By combined analyses of histone
marks, transcriptome and chromatin conformation in organoids and fetal cortex, we reveal the
longitudinaldynamics of transcripts and enhancer elements at stages that bridge neural stem cell
proliferation with neurogenesis. We found that the transition from neural stem cells to cortical
progenitors is characterized by the largest number of differentiallgssgd genes (71%; 3,436

out of 4,835) and differentially active enhancers (76%; 15,485 out of 20,356), the majority of
which were unique to this transition. A large fraction (34%) of the enhancer acted as gene
repressors. Based on expression/activity fgafcross differentiation days of organoids we
constructed networks of transcript/enhancer modules. These modules revealed only six and four
global patterns of expression and activity changes, respectively (i.e., supermodules).
Furthermore, we observed a@ngence of expression and enhancer modules, suggesting co
regulation by common upstream mechanisms. Specific transcriptome and enhancer modules
were enriched with autism/developmental disorders associated genes or enhancers that gained
activity during hunan brain evolution, while enhancers active at different stages of
neurodevelopment were differentially enriched for personal variants in subjects with autism and
developmental disorders. Lastly the identified enhancers were enriched around GWAS loci of



psychiatric disorders. Combined, the evidencesuggests the likely very early onset of these
diseases and point to genes and regulatory elements related to the disease onset.
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Abstract: Neural differentiationequires finelytuned temporal and spatial alterations in gene
expression, protein modification, and signalling. To study the molecular and phenotypic changes
during differentiation of neural progenitors, we used a highly reproducible and robust human
neurgrogenitor model: the immortalized ReNcell VM cell. To advance our understanding of the
complex regulation critical for brain development, we applied sthtee-art multiplexed mass
spectrometry and higbontentlive-imaging, correlating quantitative anges in ~8,900 proteins

and ~3,500 phosphoproteins (comprising ~11,000 phosphorylation sites) with phenotypical
changes at 10 stages of neural differentiation in ReNcell VM system over 15 days. Total
proteomes and immunofluorescence confirmed that ReNMbgljave rise to neurons,

astrocytes, and oligodendrocytes. Proteomics and phosphoproteomics results suggested
consistent changes in pathways underlying cytoskeletal rearrangement, cell phase transition,
neuronal migration, axon guidance, glial differemdiat neurotrophic signalling, extracellular

matrix regulation, etc. Furthermore, the peblective CDK and GSK3 inhibitor kenpaullone and

the HMG-CoA reductase inhibitor mevastatin have previously been reported to promote neural
differentiation; proteomiand imaging data were therefore also collected from cells treated with
these drugs. These studies provide a systematic set of data on progenitor cell differentiation and



drug perturbation to better understand the underlying regulatory networks andapglications
of neural stem cells in health and disease.
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Abstract: piRNAs have been reported to exist in neurons and to play some interesting somatic
functions, including neurite outgrowth and maintenance of memory. However, whether piRNAs
are induced to express and play any prominent role during neuronal diigcgntemain

unknown. Hence, we first profiled the piRNA expression in NT2 cells, a human embryonal
carcinoma line, treated withll-transretinoic acid (ATRA) for six days and fifteen days. It was
noted that ATRA induced a dramatic change in the expregsadile of piRNAs as compared to
control treatment. Among the piRNAs that show a consistently increasing expression (Fold
change > 2.0) over the course of ATRA treatment, we manually validated one sequeitce, piR
by Northern blot. To answer the questighether this piRNA is proactively involved in

regulating neuronal differentiation, we overexpressed®IRATRA-treated NT2 cells and
observed that some neuronal markers such as MAP2 and TUBBS3 were further elevated as
compared to regular ATRA&eated ckts. Reciprocally, when this piRNA sequence was

guenched by inhibitory oligonucleotides, the ATRAluced expression of neuronal markers was
significantly suppressed. To elucidate how the piRNA could modulate neuronal differentiation,
we performed RNA putlown in NT2 cells using the piB mimics and analyzed the precipitates
by mass spectrometry. Remarkably, fivas found to precipitate exoribonucleases DIS3 and
DIS3L2, both containing a singkranded oligonucleotide binding domain, the cold shock
doman (CSD). RNA immunoprecipitation confirmed that the two enzymes associate with this
piRNA sequence. While DIS3 is mainly localized in the nucleus and DIS3L2 mostly



cytoplasmic, RNA FISH revealed the presence of@iR both the cytoplasm and nucleus of
ATRA-treated NT2 cells. Interestingly, when DIS3 or DIS3L2 was knocked down, the
expression of neuronal markers was significantly reduced in ArBa#ed NT2 cells, which

could not be restored even with pRoverexpression, suggesting that the-6IRIS3/DIS3L2
interaction could be essential for the normal neuronal differentiation. Given that DIS3 and
DIS3L2 are directly involved in exosonnelated degradation of RNAs, it is conceivable that
some piRNA sequence could guide these exoribonucleases to deégradess transcripts and
early neurogenic transcripts, hence facilitating the neuronal differentiation process. This study
has suggested a novel somatic function of piRNAs, potentially related to the exosahated

RNA degradation, in the context of negemesis.
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Abstract: Radial Glial cells (RGC) have preserved characteristics iD#uterostomyand
Protostomytaxa, and their presence has been confirmed in adults of both monophyletic groups.
Within theDeuterostomyaxon is the phylunEchinodermatamolecularly related to the

chordates. Echinoderms are invertebrate organisms with a relatively simple Central Nervous
System (CNS) in which RGC are the only and largest type of glial cells. Adult echinoderms are
able to regenerate their CNS, which matkesn suitable models in biomedical research for the
neurodegeneration of fully developed mammals, including humans. Nevertheless, in
echinoderms, the existence of RGC in their early development stages (represenj&d dyd4
8-arms echinopluteus larvagmpetent larvae, and postlarvae), has not been explored. In the
adult sea cucumbétolothuria glaberrima a model echinoderm, it has been established that
RGC generate new and functional neuron cells, and constitute the leader cells in Gdfbiyost



regeneration. Research in this field will lead to important biomedical advances that improve the
processes of neuronal repair in patients with neurodegenerative diseases such as Parkinson,
Alzheimer or Huntington. In this context, the present research peojas to identify and
characterize glial cells in the early development stages of echinoderms, to establish-the time
frame it which these cells become functional, as assayed by the expression of the glial
glutamate/aspartate transporter GLAST. Samplestioér echinopluteus larvae or postlarvae of
the echinodernbendraster excentricys sand dollar, were collected and GLAST was detected
via Western blot. We were able to detect an increase in GLAST immunoreactivity at the
beginning and at the end of ecbjiiuteus development. Function#H]D-aspartate uptake

assays will be used to fully demonstrate the presence of glial glutamate transporters in larvae.
Our results strengthen the notion of the involvement of radial glial cells in echinoderms
neurogenesis.
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Abstract: Chdinergic signaling has been recently implicated in myelination and as a promising
target for demyelinating disorders. Despite established roles as a major neurotransmitter and
source of choline metabolite, the contribution of acetylcholine (ACh) to oligivdeyte

development and myelin plasticity remains to be elucidated. Here, we show that

oligodendrocytes express the receptors and enzymes necessary to engage in cholinergic signaling
and respond to ACh with robust and heterogenous intracellular calanaticki To investigate



the purpose of cholinergic signaling in oligodendrocytes, we studied the anticholinergic
pathology associated with Gulf War lliness (GWI), the heterogeneous condition that afflicts 25%
of US Veterans deployed in 199@91 Gulf War. Bsed on our previous studies, we

hypothesized that the myelin abnormalities reported in GWI veterans, were due to atypical
cholinergic signaling in oligodendrocytes. This hypothesis was tested using an animal model of
GWI, mimicking the exposure to antidimesterase agents (modeled by Sarin gas analog
Diisopropyl fluorophosphate, DFP) and extreme stress (exogenous corticosterone, Cort).
Western blot data reveals increased in myelin basic protein levels, a key protein in myelin
production, in the combinedo@t+DFP condition in whole brain homogenate at 24 hours and
persisting through 21 days post exposure (@ag ANOVA, N=3, p=0.0141). At the molecular
level, live cell calcium imaging data shows that pretreatment with DFP significantly increases
the numbepf wild type oligodendrocytes that respond to ACh in vitro (taied twesample €

test, N= 5, p=0.005). The DHRediated increase in oligodendrocyte responsiveness is not due to
acetylcholine produced by oligodendrocytes or astrocytes (N4&5tTp=0.5) suggesting GWI

is a pathology of neureglia rather than a gliglia cholinergic signaling. Taken together, this

work demonstrates GW agents disrupt oligodendrocyte development in vivo and at the molecular
level. These findings both reveal the impor&o€ cholinergic signaling for proper myelin
development and indicate that the anticholinergic and corticosterone mediated signaling by GW
agents, and more generally by commeraie pesticides, may be largely responsible for myelin
changes in veterans thiGWI and broader myelirelated pathologies.
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Abstract: Sox17 is a Sox F transcription factor whose overesgpoa in CNPSox17 transgenic
mice promotes postnatal oligodendrocyte development and prevents oligodendrocyte loss after



focal lysolecithin demyelination. Sox17 is expressed in remyelinating adult white matter lesions,
but its function in oligodendrocyteegeration is not understood. To investigate Sox17 function,
we analyzed signaling mechanisms in intact and demyelinating white matter in CNPSox17 mice.
Electron microscopy analysis confirms that Sox17 attenuates lysoleicithiced

demyelination, and ineased BrdU+Olig2+ cells indicates de novo oligodendroglial production.
Unlike in wild-type(WT) mice, activated betaatenin (ABC) was not induced in CNPSox17
lesions, and fewer Ibal+ microglia indicates attenuated reactivity to tissue damage. Since
elevatel GLI2 and Sonic Hedgehog (SHidXpressing cells were observed in CNPSox17 white
matter, we determined their roles in oligodendrocyte regeneration. Targeted abl&ildh of

using PDGFRCreERT?2 abolished Soxdnhanced white matter thickness, suggesting Gli
involvement in cellular homeostasis. Gli2 ablation showed that Gli2 represses CC1 cell
formation in WT lesions but promotes CC1 accumulation in CNPSox17. This was accompanied
by increased cells expressing betdenin in CNPSox17. Gli2 ablation in WT iless instead
decreased betzatenin, indicating that Sox17 alters Gli2 function from a positive to negative
regulator of betacatenin, which in turn promotes lineage progression. Similar changes in CC1
were found following PDGFRCrargeted Smo ablationyggesting SHFactivated

differentiation. Indeed, CNPSox17 lesions showed an increased percentage of Olig2 cells that
colocalized with SHH, either from its expression or sequestration. Smo ablation also increased
the number of proliferative GFAP+ cells imact white matter, which may indicate a gliotic
response. Finally, the stereotaxic application of the SMO agonist SAG in WT lesions prevents
ABC increase and promotes OPC differentiation. Through increasing cell production and
limiting glial reactivity, he application of Sox17 signaling targets, such as Smoothened
activation with SAG, may be a viable therapeutic option for adult demyelinating disease.
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Abstract: Background: Interactions between the vertebrate proteins ADAM22, ADAM23,
ADAM 11 and LGl are required in the developing pee@l nervous system for axonal sorting

and myelination as well as in hippocampal neurons for-sgnaptic interactions and

establishing synaptic strength.Dmosophila mmd (minemeld encodes one secreted and

multiple membrandound ADAM protein isofans that are structurally similar to these ADAM
proteins. Its transcripts are deposited maternally and become localized in the early embryo just
beneath the plasma membrane. Later they become abundant in the developing CNS, indicating
thatmmdhas two tempi@lly and spatially distinct roles during development. To better
understand these roles, welocalized MMD proteins (1) in early embryos relative to

cytoskeletal proteins important for the establishment of cell polarity and (2) in late embryos
relative b extracellular matrix (ECM), neuronal and glial proteins important for nervous system
developmentResults In the syncytial and cellularizing embryo, MMD is localized just beneath
the apical surface in patterns indicating that it participates in thiglisetaent of apicabasal
epithelial cell polarity. During gastrulation, MMD is found along the outer epithelial surface of
the embryo and remains there even as cells invaginate into the embryo. The intensity of the
MMD signal in this region increases lobgfore the cuticle is synthesized. Thus, MMD appears
to be an early component of mrhdnRNA@GKNressibnis he em
abundant in the developing CNS, MMD protein is not abundant within the CNS. Rather, MMD
is found in the developg neural lamella that will envelop the CNS and peripheral nerves.
Conclusion: These results suggest that MMD functions in the formation of both epithelial and
glial boundaries. To test this, RNAi and the US&L4 and MARCM systems are being used to
evalude the effect of maternal and zygotic knatibwn ofmmdexpression in specific tissues

and cell types. Clear morphological phenotypes or effects on viability have not yet been
identified. Experiments are in progress to test whether MMD interacts withptitems

involved in glial development and in establishing epithelial boundaries in the developing
embryo.
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Title: Single cell RNA sequencing of the humanized glial chimeric mouse brain identifies the
transcriptional concomitants to human white matter maturation and myelination
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Abstract: The loss of myelin is observed in numerous devastating diseases of the CNS ranging
from the hereditary leukodystrophies in children to multiple sclerosis and vascular white matter
disease in adults. As such, acquisitionh&frapeutic targets stimulating myelin generation is of
profound importance. However, neither rodent models nor in vitro studies of human cells
accurately reflect the molecular regulation of human glial progenitor cell (hGPC) mobilization
and myelinationn vivo. To this end, in this study we used a humanized glial chimeric mouse
model, allowed to develop a humanized white matter and then subjected to single cSEBNA
(scRNASeq), to begin to define the changes in oligodendroglial gene expressiontadsoitia
human myelination in vivo. We established chimeric mice by neonatal transplantation of
PDGFRA+ hGPCs, generated from human embryonic stem cells (WA09) and then purified by
FACS, into neonatal immunodeficient and myaedificient shiverer mice. A9 weeks of age,

mice were sacrificed (n=3), their corpus callosa dissociated, and O4+ human and mouse
oligodendroglial cells were isolated via FACS for scRE&g. Expression profiling revealed the
large majority of mouse cells to be oligodendrocytes (Obsgontrast, following dimensionality
reduction, human cells clustered into subpopulations consisting of PDGFRA+ GPCs, BCAS1+
immature OLs, MOBP+ mature OLs, and astrocytic progenitors upregulating GFAP and CD44.
These GPCs were overall quite similaF&CS isolated human fetal and gransplant WAQ9
hGPCs with in vivo GPCs exhibiting higher degrees of lineage fidelity than their in vitro
counterparts. Reconstruction of singlal trajectories arranged cells logically in pseudotime

from early GPCs to ature OLs, predicted an early branch point where GPCs opted towards
astrocytic ends, and allowed for identification of genes changing as a function of time and fate.
We next sought to identify transcription factors (TFs) active in subpopulations, through a
combination of gene eexpression, motif enrichment, and extrapolation overtcagctories.

This technique appropriately identified several lineggecific TFs including SOX10 and

NKX2-2 in OLs and SOX9 and HES1 in astrocytes. Through integratidresé tanalyses, we
generated a transcriptional network governing both early and late stages of myelination and
astrocytic differentiation including novel TFs TFEB and ZIC1 respectively. By analyzing over
12,000 cells, we have identified pathways whose targenay permit the therapeutic

modulation of both the expansion and terminal maturation of human parenchymal glial
progenitor cells.

Disclosures:J.N. Mariani: None.S.J. SchanzNone.K.M. Clark: None.S.A. Goldman:
None.
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Abstract: Introduction: Cochlear nucleus is the first central relay station in the auditory
pathway that is responsible for transmitting and processing auditory information. Studies which
have reported the mahological development of the cochlear nucleus in human lacks the
description of glial cells. Glial cells are one of the major cell populations of the central nervous
system (CNS). Astroglia, in the developing brain, help in guiding the migration of genglo
neurons and their processes. They also help in forming and pruning connections between
neurons. Hence, these cells and their identification have key significance in any study on
developing nervous tissue.A protein that is expressed early in theses ¢glial Fibrillary

Acidic Protein (GFAP). Here, we have quantified astrocytes in the developing human cochlear
nucleus by using unbiased stereoldggterialsand Methods. Twenty human brains were

obtained from the departments of Obstetrics and Gynagcalad Forensic Medicine, with prior
approval of the Institute Ethics Committee and informed consent from legal representatives.
Sixteen were fetuses of 132 weeks of gestation WG; three were from the brainstems of
neonates(two, three, five postnatal da9slD) and one was obtained from an infant of-two

months of age. The brainstems were dissected, fixed in 4% buffered paraformaldehyde (0.1M
phosphate buffer, pH 7.4), cryopreserved in 30% sucrose and sectioned on a cryomicrotome to
obtain 40 pum thick seriaections. Using systemic random sampling, the sections were
immunostainedfor the expression of GFAP (ab10062, 1:1000) using standard protocol. The total
number of astrocytes were estimated by using the Optical Fractionator. Comparisons between the
groupssamples18-20, 2125, 2630 weeks of gestation and one group of postnatal samples
were made using Kruskalallis test.Results: The astroglial cells identified by GFAP

contained round or elongated nucleus, outlined by a thin rim of chromatin withrlocespes

and fine branching. The median value with interquartile range-a0;181-25; 2630 weeks of
gestation and after birth were 32,087(27,399,39,033); 40,437(37,930, 45,348); 78,654(67,114,
94,614); 165,124(102,409, 182,867),respectively. A sigmficecrease was observed in the
number of astroglia in the postnatal samples versus the fetuses of wek§pl8 0.007) and
gestational age of 225 weeks (p = 0.04). This increase may explain the increasing size and



functioning of the cochlear nucleusth gestational age and that the gliogenesis continues
postnatally too.
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Title: FGF8 signaling plays an integral role during cuprizdependenastrocyte activation

Authors: *C. E. STEWART, W. C. CHUNG
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Abstract: Fibroblast growth factor (FGF) 8 signaling deficits delayed the maturation of anterior
brain midline glial fibrillary acidic protein (GFAP) astrocytes. In contrast to perinatal
development, the adult anterior brain midline GFAP astrocyte population déckmbit marked
deficits. Nonetheless, we cannot rule out the possibility that reduced FGF8 signaling may have
disrupted adult astrocyte function. Especially in lighinofitro studies reporting that FGF8
increased cortical astrocyte branching completatiacilitate wound healing. Here, we asked
whether deficits in FGF8 signaling impair adult astrocyte activation. For this purpose, adult
wildtype (WT) andFgf8 hypomorphic*™mice were fed with a 0.2% cuprizone (CPZ) diet for

2, 3, or 6 weeks or ctmol chow. CPZ treatment increased GFAP expression in the medial
corpus callosum (i.e., genu) in a rgenotype dependent fashion. In contrast, CPZ treatment
increased GFAP expression in the lateral corpus callosum (i.e., cingulEgigsfe° mice less
compared to WT mice. Furthermore, we showed that after 2 weeks of CPZ treatment secondary
branching was higher in WT mice thBgf8""*°mice, whereas tertiary branching was less in

WT mice tharFgf87"°mice. To better understand this astrocyte activatiorechanism, we

used gPCR to examine CPZ effectsGfiap, Stat3 andFgf receptor (Fgfr) InRNA expression.
Prolonged CPZ exposure induced a more robust upregulat®tatdandFgfrl within Fgfg"ne°

mice compared to WT mice. We then asked whether Fgfffaling deficits impaired the CPZ
induced inflammatory response in the corpus callosum, and showed that Galflo§aRNA
production is FGR&lependent. Together, our results showed that a developmental disruption in
FGF8 signaling had lonterm effecton the responsiveness of anterior brain midline astrocytes
under demyelinating conditions.
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Title: Signaling pathways that regulate oligodendroglia migration and differentiation
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Abstract: Oligodendroglial progenitor cells (OPCs) are produced in the ventral neuroepithelium
at later stages in the ontogsiseof the cortex. They migrate into the brain parenchyma, where
they will contact axons and differentiate. As they undergo terminal differentiation, OPCs
undergo prominent morphological changes, turning from a simple bipolar cell to a cell with
multiple mmplex processes extending from the cell body. Once in contact with an axon, the
oligodendrocyte process expands and begins to form the myelin membrane, which will wrap and
ensheathe the axon.

Fyn tyrosine kinase is an important signaling pathway thategguiate both the migration and
differentiation of oligodendroglial progenitor cells. Fyn activation occurs in progenitor cells
before any changes in cellular morphology are observed. PDGF treatment will stimulate
migration of OPCs and the activation off-YDnce active, Fyn also regulates the morphological
differentiation of these cells, initiating process outgrowth and myelin sheet fornratiro. In

Fyn deficient mice, myelin formation is markedly reduced, demonstrating the importance of this
kinasein myelination.

Fyn can interact with many downstream effectors, including molecular signaling pathways that
interact with the cytoskeleton, regulating cell morphology and movement. One important
interaction involves the adaptor protein Dabl. We have dstradad that FyDabl interactions

are important for OPC migration, as animals deficient in either Fyn or Dab1 show reduced OPC
migration from the subventricular zomevivo. Furtherin vitro studies reveal more components

of this pathway. Inhibition of fn-Dab1 interactions wilileduce OPC migration and process
outgrowth. Downstream targets of Fyn and Dabl include Cdk 5, which may be important for
migration, but not process outgrowth. Fyn interactions with additional cytoskeletal proteins
influence the dgamic morphological changes during OPC differentiation.

Disclosures:D.J. Osterhout: None.B. Badillo: None.H. Bhatti: None.l. Geneva:None.
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Abstract: Growing evidence implicates glia, particularly astrocytes, in neurological and
psychiatric diseases. Astrocytes perform a variety of essential functions including glutamate
regulation, axonajuidance, trophic support, inflammatory response, wound healing, formation
of the bloodbrain barrier, and neuronal synapse formation. Human cortical astrocytes are larger,
structurally more complex and diverse, and respond differently to extracelluamghe

compared to their rodent counterparts. Given the unique biology of human astrocytes, it is
critical that improved humaspecific celbased systems be established to enable the study of
human astrocytes in health and disease. Because of the law##ability of primary human
astrocytes, human iPSCs are currently used as a source of astrocytes. However, existing methods
for astrocyte generation are slow (up to 6 months) or require additional selection to reduce
heterogeneity. To rapidly generatetora astrocytes for disease modeling, we have developed a
novel protocol that uses inducible expression of astrocyte differentiation master transcription
factors NFIA and SOX9 and an optimized astrocyte differentiation medium. Human cortical or
spinal astocytes can be generated from normal or disease iPSCs in only one month. They

express the key astrocyte mar kers GFbe&ingagnd S1

morphologies. These astrocytes can promote neuron synapse formation and functiotyaihacti
MEA and calcium imaging applications and elicit a strong and rapihfilesnmatory response.
This protocol represents an important tool for modeling neurological diseases using a human
iPSCGbased astrocyteeuron coculture platform, allowing thele of diseased astrocytes in
neuronal degeneration to be probed.

Disclosures: B. Dungar: A. Employment/Salary (full or pattme):; BrainXell, Inc.Z. Du: A.
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Title: Decreased adenosine alters microglial morphology and activation during embryonic
cortical development
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Abstract: Background: ATP, a strong pioflammatory signal, is released under normal
conditions and is converted into adenosine, a potentrdl@immatory signal, through a series of
ectoenzymes, which kaices the inflammatory effect of ATP. Adenosine is removed through re
uptake or the enzymatic action of adenosine deaminase (ADA), which reduces-the anti
inflammatory signal. Regulating the level of ADA therefore, modulates the suppressive effects of
adenaine on inflammation. We treated animals with ADA, through either direct injection into
the cerebral ventricles of embryonic pups or IP injection into pregnant dams, to determine the
effect of reducing the level of adenosine on microglial cells in théddreortex.

Method: ADA or saline was injected into the cerebral ventricles of rat embryos at day E18 for
the direct inject group, or injected IP into pregnant dams (E18) for thenjacted group.

Microglial cell morphology was assessed 24 hours latére ventricular zone (VZ) and in the
subventricular zone (SVZ). Microglial cell morphology was quantified across groups using a
defined objective morphological index value (Ml), that took into account cell soma size and
process length, with a low MI vaurepresenting microglial cells with an amoeboid shape, and
higher Ml values representing microglial cells with complex morphology and increased
ramification. CD68 expression by microglia was also quantified.

Results: ADA injected into the cerebral venigitncreased the Ml value of microglia in both the

VZ and SVZ, with the greatest increase in Ml value occurring within the VZ. We also noted
increased CD68 expression within the VZ after ADA injection. ADA dam injections increased

Ml values for microgliakells in the SVZ but produced no change in CD68 expression.
Conclusion: Decreasing the adenosine signal with direct application of ADA into the cerebral
ventricles of E18 rat embryos increased the morphological complexity of cortical microglial cells
overcontrols, and increased CD68 expression within the VZ. These data suggest that decreasing

adenosineds suppressive effect does not produ



microglia in the VZ and SVZ responded differentially to ADA treatmentcathg a difference

in the signaling milieu within these proliferative zones and potentially pointing to functional
differences in VZ versus SVZ microglial cells. Maternal injection of ADA increased the
morphological complexity of microglial cells withihe SVZ over the VZ, demonstrating that
maternal immune perturbations can influence embryonic microglia in a region specific manner,
potentially through intermediaries.
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Authors: *N. BARGER?, S.C. NOCTOR
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Abstract: In largebrained primate species, the cellular generation of the neocortex is a complex,
protracted process that occurs pniityan utero. Microglia, brain immune cells, are increasingly
recognized as critical participants in this process. We have shown that microglia interact with
neural stem cells and regulate their numbers, while others suggest they contribute to wiring the
fetal neocortex. Yet, little is known about microglial distributions across the primate brain during
the neocortical neurogenic period, especially in the context of neural stem cells. To fill this gap,
we present a comprehensive analysis of microglia andahprogenitor interactions in the
developing fetal macague neocortex at four age points through early and late neocortical
neurogenesis and a preliminary comparison with human neocortex at multiple points in the
second trimester. We used multiple immilnorescence to label 10 or more coronal sections
through the full rostrocaudal extent of the macaque neocortex with the general nuclear marker
DAPI and antibodies against ibal, a microglial marker, and EOMES (Tbr2), a marker of cortical
progenitor cells ammitted to a neuronal fate. We also incorporate these labels and the stem cell
marker, Pax6, in a series of macaque and human cases. This design has a twofold advantage.
First, it enables us to use an explicit molecular label, EOMES, to identify théecuantrinner



subventricular, and outer subventricular zones to accurately assess microglial distribution in
discrete germinal niches. Second, it provides a window into microglial interactions with different
stem cell types. To assess cellular distribigj@talable images of entire coronal sections were
constructed from images taken at 20x magnification on a Keyene€/B4 microscope. Cell

cell interactions were visualized with an Olympus FV1000 confocal microscope. We show that
microglial distribution n the germinal zones changes dramatically over gestation, increasing in
complexity as the primate cortex begins to differentiate. Additionally, we illustrate that stem
cell-microglial interactions increase in number and complexity through human and macaque
neocortical development. Given the reported role for microglia in shaping the developing cortex,
this data can provide important information about the processes contributing to neocortical
expansion and elaboration in human and nonhuman primates. Adthtiaghmay prove critical

to understanding how immune disruption at specific developmentapidinés contributes to

lifetime susceptibility to neurodevelopmental disorders, as has been reported in the literature on
maternal immune activation.

Disclosures:N. Barger: None.S.C. Noctor: None.

Poster

551. Neurogenesis and Gliogenesis: Glial Development and Interaction With Neurons
Location: SDCC Halls BH

Time: Tuesday, November 6, 2018, 1:00 PBt0O0 PM

Program #/Poster #:551.12B6

Topic: A.01. Neurogenesis and Gliogenesis

Title: The retinoic aciesynthesizing enzyme retinaldehyde dehydrogenase 2 is required for
normal oligodendrogenesis and myelination in the developing postnatal brain
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Abstract: The vitamin Aderived signaling molecule retinoic acid (RA) has been shown to affect
oligodendrocyte lineage c€lDLC) progressiofin vitro. It remains unknown, however, if
endogenouslgynthesizedRA in the central nervous system (CNS) has a role in OLC
progression, and therefore myelinationyivo. This study uses a cedpecific knockout of the

key RA-synthesizing enzyme retinaldehydéngérogenase 2 (Raldh?2) to test the hypothesis that
RA is necessary for correct OLC progression and myelination in the early postnatal period. Cell
specific excision of loxRlanked Raldh2 was achieved using Cre recombinase under the control
of the neural/tial antigen 2 (Ng2) promoter, Ng2 being largelyexpressed with Raldh2 in

CNS cells. Conditional Raldh2 knockout (cKO) mice were compared to control littermates at
four time points during developmental myelination (postnatal days 2, 7, 14, and 23). Usin
immunofluorescence microscopy, we examined differences in OLC number, maturational state,
proliferation, and death, as well as the degree of myelination in the corpus callosum. We found



that cKO mice had a persistent deficit in OLCs compared to conbthose OLCs, more of

them were oligodendrocyte precursors cells (OPCs) in cKO mice when compared to controls,
while, conversely, the proportion of mature oligodendrocytes (OLs) was decreased in cKO mice.
Also, in cKO mice, more OPCs were dividing, blsoa more cells were undergoing cell death.
Finally, cKO mice had less myelin in the corpus callosum. Together, these findings support the
hypothesis that RALDH2 and the RA it creates are necessary for normal OLC progression and
myelination. These findingshed light on the role of RA in the postnatal brain, and in particular,

its role in regulating myelination.
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Abstract: NGFI-A binding protein 2 (Nab2) is a transcriptional coregulator that modulates gene
expression througproteinprotein interactions with early growth response proteiBqEgrk3),

which play roles in a wide variety of cell behaviors. Egrl and 2 contribute to the transcriptional
program underlying neuronal differentiation of PC12 cells in response to grewth factor,

while Nab2 plays a role in a negative feedback loop to repress their transactivation. Essential
roles for Nab2 and Egr2 in development and maintenance of peripheral nerve myelination are
also well established, whereas roles for Egrl ane ®etter documented in the central nervous
system, where they contribute to learning and memory through regulation of genes that mediate
synaptic plasticity and lontgrm potentiation. Nab2 acts largely as a transcriptional repressor, at
least in part byecruiting the nucleosome remodeling and deacetylase (NuRD) complex upon
binding Egr13. However, much remains unknown about the molecular mechanisms that regulate
Nab2. This study expands our knowledge of Nab2 by identifying its nuclear localizatioh signa
(NLS). More specifically, we generated an expression construct encoding &3¥&biision

protein, which localized to the nucleus following transfection. Analysis of the Nab2 sequence
identified two putative NLS sequences, one spanning amino acied7ZgBat match the

bipartite NLS consensus sequence (RHKRR) and a second site spanning 3% (KKXK).



K/R-to A mutation of the site spanning 3836 resulted in predominantly cytoplasmic

localization, indicating it represents the functional Nab2 NLSI|uag@n of Nab2GFP

truncation mutant providing corroborating data; N&i2P truncations that retained amino acids

343-346 all retained the nuclear localization pattern, while truncations lacking48tdid not.

Lastly, fusion of Nab2 amino acids 3860t o t he cytopl asmic protein
nuclear localization. Altogether, this study used multiple approaches to determine that amino

acids 343346 (KKLK) of Nab2 function as its NLS.<EndFragment>
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Title: Hemocyte regulates the development of neuromuscular juncti@egophila
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Abstract: The development of nervous system requires precise control to establish functional
neuronal connectivity. Although several related processes in central nerve systems (CNS), such
as synapse formation and subsequent pruning, have been well documentederlyggn

regulatory mechanism in periphery nerve system (PNS) remains elusive. Here, we report that
Drosophilamacrophages, also called hemocytes, orderly migrate followed the route of ventral
nerve cord (VNC) development. Localized with the marker oferauscular junctions (NMJs),

HRP, hemocytes were observed engulfing NMJ structures spontaneously. Ablation of hemocyte
decreases the number of large synaptic boutons, while increases immature ghost boutons and
active zones in large boutons. Meanwhile, dipheof hemocyte also decreases amplitude of
excitatory functional potentials (EJPs) while increases the frequency of miniature EJPs (MEJPS)
without affect its amplitude, accompanied by an ascent in the gauted ratio. Furthermore,

loss of hemocytes duces locomotion behavior defects in third instar larva. Taken together, our
results suggest that hemocytes regulate the morphologic and functional development of



DrosophilaNMJs by controlling the ratio of large synaptic boutons and associated
electrophymlogical activities.
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Abstract: Disruptive mutations in chromatin remodeler CHD8 cause autism spectrumelso

a heterogeneous disease with significant phenotypic complexity, exhibiting widespread white
matter abnormalities; however, the underlying molecular and cellular mechanisms remain
elusive. We show that celype specific deletion of Chd8 in oligodendyte progenitors, but not

in neurons, results in myelination defects, revealing airmlhsic dependence on CHDS for
oligodendrocyte lineage development, myelination and-ipgsty remyelination. CHD8

activates expression of BR&iksociated SWI/SNEomplexes that in turn activate CHD7, thus
initiating a successive chromatin remodeling cascade that orchestrates oligodendrocyte lineage
progression. Genorgide occupancy and accessibility analyses reveal that CHD8 establishes an
accessible chromatin ldacape, and recruits KMT2 histone methyltransferase complexes
distinctively around proximal promoters to promote oligodendrocyte differentiation. Inhibition of
histone demethylase activity partially rescues myelination defects of @ldid@ent mutants.

Our data indicate that CHD8 exhibits a dual function through inducing a cascade of chromatin
reprogramming and recruiting H3K4 histone methyltransferases to establish oligodendrocyte
identity, suggesting potential strategies of therapeutic interventiorHD8essociated white

matter defects.
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Abstract: MicroRNAs (miRNAs) are small noncoding RNAs that emerge as regulators of stem
cell lineage such as proliferation, development, differentiation, and apopiésisypothesized

that miRNA was involved in the neurogenic differentiation of mesenchymal stem cells. Here, the
role of miRNAs in the neurogenic differentiation of human mesenchymal stem cells (MSCs) is
investigated. By performing a miRNAMRNA paired micoarray screening, we identified miR
46505p and miR3146 among the most upregulated miRNAs during neurogenic differentiation.
After selection of the miRNAs, we investigated the ability of neurogenic differentiation of
mMiRNAs in human adipose tissderivedMSCs (hADSCs). We found that mi#6505p or
mMiR-3146 was increased the most of neuronal gene expressions by a quantitative PCR. Using
bioinformatics and functional assay, we confirmed that-A6805p and miR3146 potentially
targeted on JidlataWn sig@ang Bathway.dverall comparative analysis
revealed that Wnt signaling was enhanced more potently and played a more important role in
neurogenic differentiation of hADSCs. These findings suggest that th&d®3®5p and miR

3146 expressiocontributes the neurogenic differentiation of MSCs by increasing the neuronal
genes and Whnt signaling pathway. The miRNAs regulation and downstream pathway network
suggested the important role of mMiRNAs and Wnt signaling in the neurogenic differerafation
MSCs.
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Abstract: Mesenchymal stem cells (MSCs) have an ability to differentiate into multiple

lineages, therefore, the possibility of neurogenic differentiation is important as a target for the
clinical field. Wnt signaling, which is one of the remarkable regulators, plagke in the

development of the central nervous system and regulates the controlling neuronal differentiation.
We hypothesized that regulating of Wnt signaling both activation and inhibition participated in
the neurogenic differentiation of human adiptssuederived MSCs (hADSCs). In the present
study, we developed the neurogenic differentiation of cells using an Anandamide, a Wnt5a
activator, and Box5, a Frizzleégdependent Wnt5a antagonist, and studied the mechanisms for
further differentiationin vitro. We treated Anandamide or Box5 and found that the Anandamide
treated cells have features such as nelikercells; exhibited distinct bipolar or multipolar
morphologies with branched processes. Following PCR and quantitative PCR experiments,
neuronalgene expressions were increased with Anandamide treatment; it was the same result;
the protein levels of NFL and Tujl were highly expressed by immunofluorescence staining. We
studied mechanisms of differentiation and found that Wnt signaling and dovim$#taR

kinase, especially GSR b pat hway, were involved in neuroge
Wnt5a activator. Especially, Wnt4 and Wnt11, which are a group etaoanical Wnts, protein

levels were highly increased after treatment of Anandamide; thBa/Mctivator could regulate

the noncanonical Wnts signaling broadly. In addition, Anandamide activated through regulating
DvI2 and DvI3 and resulted in expression of Axin level following highly increasing
phosphorylatedNK. Taken together, Wnt5a activategulated the most of nazanonical Wnt
signaling and the downstream pathway, especially controlling-@®K and JNK | evel s
neurogenic differentiation of MSCs.
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Abstract: The suprachiasmatic nucleus (SCN) in hypothalamus composed of heterogeneous
population of 20,000 neurons acts as a master oscillator to orchestrate the approximately 24 hour
cycle of behavior and physiology, which is essarftr an organism to optimally adapt to
environmental changes accompanying the 24 hours day/night cycle. The SCN is composed of
neuropeptide expressing cells including VIP and AVP. The neuropeptides released from the SCN
neurons play important roles inrgyhronizing circadian oscillations among SCN neurons and for
communication with extl®CN neurons. During embryonic hypothalamus ontogenesis, SCN
differentiates from neurepithelium caudal to the optic recess. Distinct spatial and temporal
patterns of exqgssion of a small set of transcription factors (TFs) are presumed to mediate SCN
development. In this study, we generated the induced SCN neurons (iISCN) from mouse and
human fibroblasts by a direct conversion method with a small subset of TFs, whichggomo
neuronal conversion of fibroblasts into neurons with SCN neuronal phenotypes. We have
identified TFs that are enriched in SCN tissue, many of which have been implicated in the
differentiation and function of two principal subpopulations of SCN new®tiB and AVP
neuropeptide expressing GABAergic neurons. We used a modified protocol of the induction
method of neurons (iN) with preeuronal TFs of Ascll (Mashl1) and Ngn2 (AN) with small
moleculebased i nhibition of gl ycoigneling. TheiN prdtoead e ki n
in combination with a cocktail of SCN enriched TFs successfully differentiated SCN neurons
(ISCN) from mouse embryonic fibroblasts (MEF). The iISCN showed efficient neuronal

conversion from MEF in the neuronal conversion and maduraulture environment into



bipolar / multipolar GABAergic neurons, -@xpressing VIP, which is the pesiitotic SCN
enriched neuropeptides critical for the rhythmic circadian oscillation. The expression of VIP,
AVP or Ror U was v ecalciim trangient imthetiSCH showedCsNantanEdus
activities characteristic of mouse SCN neurons. Using the similar protocol we could also
differentiate human fibroblasts to iISCN neurons containing GABAergic neurons with VIP or
AVP expression. Our resultsggest a possibility to generate principal subpopulations of SCN
neurons from patients with suspected circadian rhythm disruption.
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Abstract: In the cerebral cortex, excitatory pyramidal cells (PCs) can be segregated based on the
target of their longange axonal projection: intratelencephalic (IT) PCs target cortex/striatum
while pyramidal tract (PT) PCs target the midbrain, brainstem, andl gard. Their output is
regulated by inhibitory interneurons (INs), which can be segregated into twavedapping
subgroups based on their embryonic lineage from either the caudal or medial ganglionic
eminences (CGE and MGE). Interestingly, PCs andalfdsbiased in their laminar distributions:
superficial layers contain exclusively IT PCs and the majority of CGE INs, while all PT PCs and
the majority of MGE INs reside in deep layers. Here, we show that IT PCs influence the radial
migration, molecularxgression profile, and circuit integration of CGE INs during postnatal
development. We used a @rex strategy in mice to conditionally knockout (KO) the

transcription factor Satb2 from PCs during embryogenesis to induce them to adetypa PT
identity. These mice were further crossed to the SHIZAP line to selectively label CGE INs.

Loss of IT PCs disrupted CGE IN radial migration, such that a higher percentage of these cells
settled in deep layers relative to controls. In contrast, the laminar pogiti@nMGE INs (PV

and SOM+) was not affected. In cortex, CGE INs can be broadly parsed into VIP and Reelin



expressing subtypes. In KO mice, VIP INs were mislaminated, while the Reelin cohort was not
and remained confined primarily to layer 1. VIP and Reekpression remained non

overlapping. We probed for a third marker, CCK, which labels a small subset of superficial CGE
INs. Surprisingly, the density of CCK+ CGE INs was dramatically increased in KO mice and
they were found ectopically in deeper lay&k& next performed dual whetell patch clamp
recordings between PCs and CGE INs in superficial layers of KO and control mice to test for
synaptic connections. We found that the probability of finding a connection from a PC to CGE
IN (but not IN to PC) wa significantly reduced in KO mice, suggesting IT PCs selectively target
these INs. To confirm this, we injected retrograde tracers into the contralateral visual cortex or
ipsilateral superior colliculus of control mice to target IT or PT PCs, respectinedgep layers,
where these types are intermingled, IT PCs made excitatory connections on to CGE INs whereas
no connections from PT PCs to CGE INs were found. This connectivity bias was confirmed
using combinations of transgenic mouse lines and virdabveto drive channelrhodopsin

mediated input selectively from populations of PCs of either type. Our data show a selective
influence of IT PCs on CGE IN circuit development.
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injury
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Abstract: Direct reprogramming of local gligklls into neurons is a promising approach for

brain repair. A key question is which glial cells to target. Astrocytes are promising candidates as
they retain expression of patterning transcription factors from their ancestors in development, the
radial dial cells. Thus, astrocytes may be best specified to generate neuronal subtypes
appropriate for the respective brain region. However, proliferating astrocytes perform beneficial
functions after brain injury. We therefore decided to targetprofiferating astrocytes using

AAVs that have a slow onset of expression peaking when astrocyte proliferation is over. The
neurogenic factors were cloned in flexed orientation, so they are reverted only iR@GEAP
expressing astrocytes.

Using this system we comparduiect neuronal reprogramming in different positions in the Grey
Matter (GM) and White Matter (WM) of the cerebral cortex after injury. We discovered a novel
combination of either proneural factors (Neurog2 or Ascll) with a transcription factor repressing
oxidative stress that allows highly efficient neuronal reprogramming in GM astrocytes.
Surprisingly, this very same combination did not reprogram WM astrocytes. We further show
that the reprogrammed neurons in the cortex GM acquire different identidiéeadnt layer

positions, demonstrating for the first time the profound influence that the regidrnayer

specific identity of astrocytes has on the neuronal subtype generated in direct reprogramming in
Vivo.
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Title: Clonal lineage determines the direct conversion of thalamic astrocytes into subtype
specific thalamocortical neurons
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Abstract: Forced expression of defined transcription fexteads to the direct conversion of

various cell types into induced neurons (iNs). Specifically, successful reprogramming of resident
brain astrocytes vitro as well asn vivorepresents a great advantage for the generation of
neurons and derived cints. However, whether astrocytes from distinct brain regions might

show a reprogramming specificity towards a unique iN type remains largely unknown. Here, we
use direct reprogramming of thalamic astrocytedlbyrog2to generate specific excitatory
sensoy-modality thalamocortical neurons. Moreover, we show that the origin, but not the
environment of the astrocytes determines the fate of the iNs after direct reprogramming. Indeed,
clonal analysis in the thalamus shows that astrocytes from the distimehibauclei are

clonally related determining the specificity of the iNs generated from those astrocytes. We also
found that the potential of the same transcription factor to reprogram-spelafic thalamic
astrocytes into precise subsets of thalamazairtieurons depends on particular epigenetic
modifications. In sum, our study provides novel insights into the mechanisms that control the
specification of thalamic neurons and importantly those that are required for direct programming
of sensory neuron§&eneration of specific sensory brain circuits might be an approach for future
rehabilitation strategies.
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Title: Molecular mechanisms of direastrocyteto-neuron conversion revealed by transcriptome
analysis
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Abstract: Our lab has previously demonstrated direct astretoyteeuron conversion through
either overexpression of a single neural transcription factor NeuroD1 (Guo et al., 2014, Cell
Stem Cell) or a cocktail of small molecules (Zhang et al., 2015, Cell Stem Cell). Such direct



reprogramming technology represents a potential remedy for neuronal losurodegenerative
diseases and brain injuries. Despite the high conversion efficiency and fast procedure, the
molecular events and downstream effectors during the asttmeguron conversion are not

well understood. To tackle these questions, veslugne series analysis of RN#eq data to
characterize the transcriptome dynamics before, during, and after conversion, in order to
understand the critical factors mediating such cell transition process. Administration of small
molecules (core drugs: CH8R021, DAPT, SB431542, LDN193189) significantly modified
signaling pat hways -caternhSMAB anthi JAK gSEAToThese simats  /
rapidly elicited the neurogenic transcription factor network, including the members of bHLH
family, and activeed both excitatory and inhibitory neuronal genes. Meanwhile, converted cells
exhibited a metabolic transition from glycolysis to oxidative phosphorylation, and reduced
proliferation rate. Within two weeks, the gene ontology terms associated with nduratigns
became highly expressed. Moreover, we investigated the similarity and difference between
chemical reprogramming mediated by core drugs and transcription factor NeuroD1 mediated cell
conversion. Although both schemes turned on neurogenic progi@msD1 overexpression
showed more specific targeting and expedited conversion process, while core drugs had much
broader effects. Together, these findings provide insights into the molecular mechanism of
astrocyteto-neuron reprogramming and may help elep efficient therapy for clinical

applications. This work is supported by Charles H. Skip Smith Endowment Fund to Gong Chen.
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Abstract: Understanding the genetic basis for the unique power of the human brain is a
fundamental goal of neuroscience and has direct implications for eradicating neural pathologies.



An approab to understand the function of genes in brain development is to genetically

manipulate progenitors using single cell manual microinjection of MRNA or dye in brain models

and observe the effects on neural proliferation, migration, and differentiatiomitAtion of

manual microinjection is that it is time consuming, results in low yield, and requires expertise

which has limited its adoption as a tool for investigating cell fate. We developed a computer
vision guided robot, treomarienithtionshoemadual microinjentipne ct o r
(Figure 1A, 1B). We used the Autoinjector to inject neural progenitors with mRNA, and/or dye

and investigated the efficiency of the process using organotypic slices of the E14.5 mouse
telencephalon. We demonsgdtthat the Autoinjector increases yield of injection relative to
manualuse (46 f ol d i ncrease, Figure 1F), allows fo
tissue (Figure 1C), does not affect viability over 0, 24, and 48 hours in culture (FiguendD),

enables mRNA translation of injected RFP after 24 hours in culture (Figure 1E). The autoinjector
platform can thus open the door to new types of experiments investigating effects of mMRNA
concentration, composition on cell fate and tracking these gfbectell reprogramming and

lineage using fluorescent dyes.

Figure 1: The Autoinjector. A. Hardware schematic of the Autoinjector. B. Algorithm

procedure of microinjection. C. Cells injected with fluorescent dye and cultured for 24 hr. Scale

bar i s D.dnfa@es af cells injected with dye and cultured for 0, 24, or 48 hours. Scale bars
are 50 e&m. E. Cells injected with dye (green)
culture. Scale bar 25 gm. F. | mejv asert experiencegdi e | d

user, and automated platform.
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Abstract: This presentation will focus on the interface between nanoscience and cellular
reprogramming. Even though it is wektablished that stem cedité and cellular

reprogramming are regulated by interactions that occur between microenvironmental cues and
intrinsic cellular programs, our understanding of the function of the microenvironment and gene
expression during the aforementioned process is éadpy the limitations of conventional
methods and the lack of extensive knowledge of multiple regulatory signals. For example, the
devastation associated with spinal cord injury (SCI) causes severe and permanent neurological
loss. Given the intrinsicalljmited regenerative potential of the central nervous system (CNS)
and the complex inhibitory SCI environment, there is an urgent need for effective strategies
towards robust axon regeneration and neurite outgrowth of neuronedtaldish the damaged
neural circuitry. In this collaborative project, we have integrated several fields of research,
Nanotechnology, Biomaterials, Chemical Biology, Neuroscience, and Stem Cell Biology, to
develop a novel nanomateriadsed platform that induces axon regenenadiod neurite

outgrowth that are safe for vivotransplantation and potential clinical applications. To address
the fundamental impediment of regeneration associated with SCI, we propose to develop a non
viral delivery method of axon regeneration promgtiranscription factor to the injured neurons.
NanoScript nanoparticle-based artificial trarscription factor protein capable of efficiently and
selectively regulating genes in a remal manner is a novel synthetic transcription factor

platform suitedor regulating transcriptional activity and targeted gene expression (e.g., PTEN,
which has been identified as a targeted protein that modulates the PTEN/mTOR pathways
regulating axon growth and regeneration). In this presentation, a summary of the dadstl up
results from these efforts and future directions will be discussed.
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Title: Light responsive human stem cell derived retinal organoids for pharmacology and drug
screening purposes
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Abstract: The availability of viabe in vitro models of the human retina is crucial to investigate
potential therapeutic approaches and perform toxicological studies. An essential step for
developing such models is the ability to generate laminated, physiologically functional and light
regonsive retinal organoids from renewable and patient specific sources. We investigated
different human embryonic stem cell (hESC) and human induced pluripotent stem cell (iPSC)
lines and found that there is significant variability in their efficiency teegate retinal

organoids. Despite such variability, by month 5 of differentiation, the organoids were able to
generate light responses, albeit immature, comparable to the earliest light responses recorded
from the neonatal mouse retina, around the timgyefopening. By that time, all lines exhibited
laminated retinal organoids with wdbrmed outer nuclear like layers containing photoreceptors
with inner segments, connecting cilium and outer like segments. The differentiation process was
highly dependentn seeding cell density and nutrient availability. We adopted the differentiation
protocol to a multiwell plate format which enhances generation of retinal organoids with retinal
pigmented epithelium and improves ganglion cell development and the respphssiological
stimuli. We tested the response of iR&ived retinal organoids to Moxifloxacin and showed

that similarly toin vivoadult mouse retina, the primary affected cell types were photoreceptors.
Together our data indicate that light respeasketinal organoids derived from carefully selected
and differentiation efficient human stem cell lines can be generated at the scale needed for
pharmacology and drug screening purposes.
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Abstract: During a critical period of visual circuit refinement, stage Il retinal waves are initiated
by the release from starburst amacrine cells (SACs), propagating to retinal ganglion cells
(RGCs). We previously found thaverexpressing a calcium sensor triggering exocytosis,
synaptotagmin | (Syt I), in RGCs enhances wave frequency and this effect can be abolished by
iGIuR antagonists, suggesting that RGCs may release glutamate to modulate stage Il retinal
waves. Howevehow the glutamate release from RGCs affects stage Il retinal waves remains
unknown. Here, we explore the interaction between stage Il retinal waves and the glutamate
release from RGCs. First, to determine the presence of glutamate in developing retinas, w
performed immunofluorescence staining and found that glutamate was present in RGCs and
inner plexiform layer in developing retinas. Second, to detect whether glutamate release is the
volume release, we applied the dadised glutamate optical sensor @veloping retinas. In

retinas overexpressing Syt | in RGCs, we found that the glutamate volume release was increased
in the presence of CGS 21680, a selective agonist of adenosine A2AR shown to increase wave
frequency via SACs. By contrast, the glutamaikime release cannot be increased by CGS

21680 in retinas overexpressing the Syt | domimagiative mutant in RGCs, suggesting that
increasing wave frequency further enhances the glutamate volume release from RGCs. Third, to
determine the causal relatibetween wave frequency and glutamate transmission, we bath
applied CGS, iGluR antagonists, or both. We found that the-@&®ated increase in wave
frequency was abolished by iGIuR antagonists, suggesting that glutamate transmission acts at the
downstreanof CGSregulation of wave frequency. Further, to determine if glutamate acts in an
autocrine/retrograde manner, we transfected the glutamate optical sensor in RGCs/SACs and
found that glutamate was detectable by RGCs/SACs, suggesting that glutamatamcts in
autocrine or retrograde manner. Moreover, intraocular injection of iGIUR antagonists diminished
the eyespecific segregation of dorsal lateral geniculate nucleus. Together, our data suggest that
the glutamate release from RGCs is important for regugaiage 1l retinal waves.
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Title: Effects of the early eye removal on the visual DVR (molecular and neural) organization in
chicks

Authors: R. REYES, C. NORAMBUENA,C. WEISS, G. MARIN, *JC. LETELIER, J.
MPODOZIS
Univ. of Chile, Santiago, Chile

Abstract: One of the main components of the avian pallium is a dorsal intraventricular
protrusion termed dorsal ventricular ridge (DVR), which is constituted by two appdkedrce
masses: the internal nidopallium (N) and the more external mesopallium (M). The internal most
aspect of the N contains discrete areas receiving auditory, visual and trigeminal ascending
projections. Of particular interest to us is the visual DVR¢ctvlcan be regarded as a complex
composed of three highly interconnected layers: an internal nidopallial layer, the entopallium
(E), in receipt of visually driven afferents from the thalamic nucleus rotundus (Rt); an overlaying
nidopallial layer, the intenediate nidopallium (NI), which serves an associative role connecting
to other pallial areas; and a more external mesopallial layer, the ventral mesopallium (MV)
which participate in the local interlaminar circuitry. Interconnections between these taimws f

a Acolumnar/recurrento arrangement that featu
interlaminar circuitry of the mammalian sensory cortex. Previously, we have found that the
establishment of the highly organized BEtprojection, as well as thaf the EMV reciprocal
connectivity, occurs very early in chick development and before the retinal fibers had reached
their central targets. In the present study we investigated the possible influence of the
establishment of retinoentral synapsis in ¢hdevelopment and maintenance of this intrapallial
circuitry. To that end we performed monocular and binocular enucleations in chick embryos
early in development in order to analyze the neural arrangement as well as the molecular profile
of the visual DVRat different developmental stages, from E6 to E18. We found, as classic works
did, that these manipulations altered the cytoarchitecture of retinorecipient structures such as the
ventral lateral Geniculate Nucleus (GLv) and the Tectum opticum (TeO), vehilcl source of
visually driven afferents to the Rt. Even more, these enucleations also altered the structure of
second order visual centers, such as the isthmic nuclei. However, neither mono nor binocular
enucleations modified the pattern of connectiaityl molecular pattern expression of the visual
DVR at any stage of the developmental series analyzed. These results indicate that, unlike
mammals, in birds the establishment and maintenance of a highly organized pallial visual
circuitry is independent dhe retinal afferent influences.
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Abstract: The thalamus is considered the relay center for sensory information to the cortex and
has an essential role the regulation of fundamental brain processes, including sleep, alertness,
consciousness and cognition, via various distinct nuclei. However, the mechanisms governing
corticothalamic connectivity and plasticity are still largely unknown. In this studgxamine
neuronal rewiring of cortical Layer 5 (L5) projections and the plasticity of these axons to
structurally rearrange following visual deprivation. This compensatory mechanism is observed in
the absence of visual input as a result of congenitalrissl After visually depriving L5

labelled (Rbp4Cre::tdTomato) transgenic mice at birth by performing monocular enucleation
(MoE), we study the effects on the ingrowth of corticofugal projections into visual thalamic
nuclei, the firstorder dorsal laterajeniculate nucleus (dLGN) and the higloeder lateral

posterior nucleus (LP). L5 fibres do not normally innervate dLGN, but only higher order
thalamic nuclei; however, they rewire to innervate dLGN after MoE (Grant et al. (0£6
Cortex26(3):133648). In order to investigate the origin of aberrant L5 projections in the sensory
deprived dLGN (only receiving ipsilateral retinal input after enucleation), we performed
injections of Credependent, GFBxpressing aderassociated virus 2 (AAV2) in the prary

visual (V1) and somatosensory (S1) cortices of adult REiy@dmice (n=5 for V1, n=2 for S1)

that had been monocularly enucleated at birth. Our findings indicate innervation of GFP positive
axons in dLGN and LP only from V1 with formation of aberradediranches and vesicular
glutamate transporter 1 (VGIuT1) positive boutons in the deprived dLGN. No alterations in the
S1 projections to thalamus were observed following MoE. Additionally, we examine the
molecular changes induced by MoE in the thalamp®sinatal days 6 and 8 as previous
microarray and regime quantitative PCR data from our lab demonstrated changes in gene
expression in dLGN upon MoE (Grant E., 2017, unpublished data). We perforsiad
hybridization for validating gene expressidrcell signaling and extracellular matrix molecules,
and confirmed differential expression in control and deprived dLGN (n=4), suggesting a
potential functional role of these genes in L5 aberrant ingrowth. These findings provide
opportunities for furthemvestigation of the cellular and molecular factors implicated in the



rewiring of L5 projections in dLGN after visual deprivation, which could potentially give
insights into the mechanism of crdsgrarchical corticothalamic plasticity in the mouse visual
system.
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Abstract: Neural assemblies (or ensembles) are groups of coactive neurons whose activity may
be triggered spontaneously, by sensory stimuli or behaviour. Such dissesnd therefore likely

to constitute the building blocks of brain function, but little is known about their structure,
organization and dynamics. Such descriptions will provide insight into circuit connectivity,
constraints and preferred states and ellcrucial for determining how brain function emerges
from assembly firing sequences. Here we use functional imaging in larval zebrafish to describe
the structure and dynamics of spontaneous activity in the optic tectum. Usiregdh

volumetric imagingve can capture the activity of between 8A@Y000 neurons throughout

both tectal hemispheres at 4.8Hz. Using Bayesian inference techniques we are able to make
probabilistic estimates of assembly number, titie@ensional structure, and withiand
betwe@-assembly dynamics. We are also using these methods to determine how tectal
assemblies emerge over the course of development and how their development is shaped by
activity-dependent plasticity. Specifically, we are testing how developmental shiftssnlibeit
composition of the NMDA receptor contribute to the developmental refinement of tectal
assemblies.
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Abstract: Classic neuroanataical studies have shown that the net number of synapses in the
visual cortex of rats increases dramatically for a period after eye opening and thereafter plateaus
into adulthood. More recently, live imaging studies have demonstrated that filopodiarsesl spi

are dynamic over this entire time course, but the relative rates of addition and removal shift in
ways that appear to reflect developmental status, and are likely to be predictive of synapse
dynamics. Combined, these studies show an initial develophmrdse that involves a higher

rate of addition than removal (consistent with a net increase in synapse number), and a plateau in
adulthood that suggests the rates of addition and removal attain equilibrium, and increased
synapse stability. Live imagingak also revealed an intermediate period in rodent cortex when
removal outpaces addition. This stage of #dApru
In mouse visual cortex, the temporal parameters from peak to adult levels vary by cortical region
and method of imaging, but in visual cortex, it is around one month. Similar data on dynamics

are not available for the rat, but determining the time course of synapse density changes could
help reveal if the patterns observed in mice can be generalizais tblere, we used quantitative
immunofluorescence and stereology to analyze how synapse and neuron density changed across
development in the primary visual cortex of the Long Evans hooded rat. Littermates were housed
socially, under controlled, identicabnditions. Brain tissue was collected at postnatal days 7, 14,
21, 24, 30, 45, 60 and 90. Synapses were detected using an automated image analysis algorithm
for coincident staining of both prand postsynaptic markers (antibodies for Synapsin I, or
VGLUT1/2 for presynaptic sites; PSD95 was used to identify postsynaptic sites). To minimize
potential variability associated with the stratified organization of cortex, we restricted our
analyses to layers II/lll of the primary visual cortex, and distingdifte#ween monocular and
binocular regions. The highest density of synapses was between P30 and P45, and was
significantly greater than at P90. These data fit well with critical periods for visual system



plasticity in the rat, but also help to identify ségic time points for analysis of mechanisms of
synapse formation and pruning associated with developmental plasticity in the rat.
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Title: Mutant mouse models with reduced ionic signaling pathways have cochlear outer hair
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Abstract: In the mammalian cochlea, outer hair cells (OHCs) amplify vibrations of the cochlear
partition that diretly enhance sensitivity and frequency selectivity. The onset of OHC function
depends on a variety of ionic signaling mechanisms and is associated with major changes in both
afferent and efferent connections to the OHCs. Prior to the onset of hearirentafigoe |l

spiral ganglion fibers and terminals form extensive arbors with OHCs, and efferent cholinergic
olivocochlear fibers form terminals below OHCs.

We investigated whether disruption of either 1s@msory GAP junctions or €anembrane

channels adéir afferent or efferent OHC innervation in frearing mice. We used connexin 30
(Cx30)" mice to investigate disruption of GAP junctions in rsamsory cells, and voltagmted

C&* channel 1.3 (Cavl.3)mice to investigate disruption of &aentry though voltagegated
channels. Compared to witgipe controls, Cx30 mice had fewer peripherilabeled outer spiral
fibers (OSFs), reduced periphetabeled OSFs crossing the tunnel of Corti, fewer choline
acetyltransferase (ChAdabeled efferent fibersrossing the tunnel of Corti, and absent or
irregular efferent terminals. Compared to wijghe controls, Cavl’3mice demonstrated a

similar reduction in peripheritabeled OSFs but unlike either CX36r wild-type controls,

OSFs in Cav1.8 mice spialed in both apical and basal directions. Also compared totypiel
controls, Cavl1.3 mice had fewer ChATabeled tunnel crossing fibers, highly disorganized
efferent terminal patterns, and very dense ChAT labeling below inner hair cells. For both Cx30



and Cav1.3 mice, these innervation abnormalities were more severe in the apex. Furthermore,
we found presynaptic ribbons (e.g., CtBP2) and postsynaptic proteins (e.g., SK2) altered in
Cav1.3" mice, but only presynaptic ribbons altered in Ck3Gice. We conclude that disruption

of ionic signaling mechanisms via the absence of connexins usemsory cells or the lack of

Ca&* voltagegated membrane channels severely alters afferent and efferent innervation patterns.
Thus, both of these signalingths are critical for the maturation of normal cochlear OHC
innervation.
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Title: Rapid terminal reorganization within local target territories during formation of the giant
nerve terminal, the calyx of Held
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Abstract: The large CNS nerve terminal, the calyx of Held (CH), provides strong and

temporally precise excitation to targeted principal cells of the medial nucleus of the trapezoid
body (MNTB). CHs exhibit hallmark developmental features of strengthening and pruning
necessary to yield monoinnervation of MNTB neurons. Using serial fémescanning electron
microscopy (SBEM) collected from neonatal littermate mice424r sampling), we previously
found that between postnatal (P) days 2 and 4, most20 Hdnall pioneering inputs on each

cell are pruned while-B terminals grow at rates o 2 0%(per dagpn By P6, 75% of principal

cells are monoinnervated. During this period, collateral processes of variable length extend from



the edges of the CH and are known sites of Ca entry. Although we found no evidence of direct
interaction betwee@Hs along the principal cell soma, collaterals largely occupy shared
territories. However, little is known about their function in this system. Our lab is interested in
the competition that mediates this competitive process. Here, we sought to exartengpthral
dynamics of synaptic organization in the MNTB as it relates to the ultrastructure revealed with
SBEM. We employed lattice liglgheet (LLS) microscopy which offers rapid and high

resolution image acquisition with minimal bleaching. Acute cororahbtem slices (36600

em thickness) were col | ec t-ll.dollowing 4Dencagea t a | mi c e
acquisition, data was imported into syGlass, a custom software package desigmeskinfor
immersive virtual reality (VR) aidednalysis. Pro@ses were manually tracked in syGlass to

reveal growth dynamics of CHs and their associated processes, both fil@atigrowth cone

tipped terminal arbors. We found these collaterals form a dynamic field around each CH. Peak
motility coincided with CH gowth and peak dynamics rival or exceeded rates of axonal

extension described elsewhere in the CNS. Growth cones, perhaps the most dynamic feature of
this system, extended fastest during the ages of CH expansion, yet slowed as monoinnervation
was establisbd (P2: 21N18 em/ hr; P3: 43N20 em/ hr; P4
Moreover, live imaging and ultrastructural analysis presented here established CH arbors
repeatedly form transient associations with other CHs, neurons and glia within the neuropil.
Thus, physical interaction may serve an instructive role in circuit formation within the MNTB. In
summary, these data are effective in monitoring the navigation patterns of assembling neural
circuits in an intact system and reveal the dynamic nature otly@vad retraction of developing
neurite reorganization.
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Cellular, Mol. and Systems Biol. & Interdpartmental Neurosci. Pgm., Univ. California,
Riverside, Riverside, CA

Abstract: Cellular and circuit properties of primaayditory cortex (Al) change during

postnatal development. In particular, by approximately P21 in mice and rats, the response
properties and the balance of excitation and inhibition in A1 are similar to those found in adults.
This maturation of the Al cirdualso approximately coincides with the closure of the critical
period for changes in tonotopy in Al. Thus, the period fromfPA%in mice is a time of
considerable change in the properties of Al.

One important population of inhibitory interneurons imc@tex are parvalbumipositive (PV)

cells. PV cells are known to participate in the proper development and regulation of the balance
of excitation and inhibition in a variety of cortical areas. An interesting feature of these PV cells
is that most of tha are surrounded by an extracellular matrix structure referred to as a peri
neuronal net (PNN). PNNs are known to regulate the excitability of neurons that they surround,
and the number of PV cells that are surrounded by PNNSs increases from P14 to Bagden m

Al. Therefore, we hypothesize that at least some of the changes in Al circuit properties from
P14P21 are regulated by the emergence of PNNs, due to their influence on PV neuron
excitability.

We have performed wholeell recordingsn vitro from slices of Al in mice that express the
fluorophore tdTomato specifically in PV cells. This preparation allows us to specifically target
only PV neurons. We have analyzed data fromP22 mice because it is during this
developmental period that the PNNs are tt|piag in Al. In order to assess their intrinsic
excitability, we have determined their responses to hyperpolarizing and depolarizing steps of
current (500 msec duration). We have also examined synaptic excitability onto these cells by
analyzing spontanesisynaptic events. After these recordings the presence or absence of PNNs
around the PV cells was determined using staining for wisteria floribunda lectin (WFA), which
labels PNNs, and confocal microscopy. We will present data comparing the excitalility of
neurons that are surrounded by PNNs and those that are not. We hypothesize that PV neurons
without PNNs will exhibit reduced excitability (either intrinsic or synaptic) as compared to those
that express PNNs.
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Title: Clustered protocadherins regulated high reciprocal connectivity between clonal cortical
neurons are selectively modified by short sensory deprivation in mouse barrel cortex

Authors: *E. TARUSAWA !, M. SANBCG?, M. HIRABAYA SHP, T. YAGI, Y.

YOSHIMURA?®
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Behavior, Natl. Inst. for Physiological Sci., Okazaki, JagSection of Visual Information
Processing, Natl. Inst. For Physiologl Sci., Okazaki, Aichi, Japan

Abstract: The specificity of neural connections in the sensory cortex is fundamental for the
proper processing of sensory information. We previously have shown that high reciprocal
connectivity is established between clooad r t i ¢ a | neurons and itos
protocadherins in mouse barrel cortex. In this study, we analyzed the effect of sensory
experience on the establishment of the-lbedlagedependent reciprocal connectivity. To
visualize clonal neurons, wgenerated chimeric mice by injecting a small number of induced
pluripotent stem cells (iPS cells) marked with GFP into blastocysts. We conducted dual whole
cell recordings from GFpositive neuron pairs (presumed clonal pairs) or @ésitive and
negativeneuron pairs (nowlonal pairs) within a layer 4 barrel in cortical slices prepared from
the chimeric mice. Sensory deprivation was produced by whisker trimming from postnatal day
13 (P13) to a day before recording.

In normal development, there was nongligant difference in the connection probability (the
number of detected connections/the number of tested connections) between clonat and non
clonal pairs at PA1. The probability increased significantly from-PBto P1516 and then
decreased only in@hal pairs, resulting in the same connection probability in clonal and non
clonal pairs at P:20. Sensory deprivation completely prevented the temporal increase in the
connection probability only in clonal pairs. Therefore,-tiakagespecific neural conections

seem selectively modified by sensory experience.

We next analyzed the reciprocity, the proportion of reciprocally connected pairs among
connected pairs. The reciprocity was not significantly different between clonal aratbnah
neuron pairs a911. Then the reciprocity continued to increase significantly in clonal pairs
until P1820, whereas it showed only an insignificant increase inah@mmal pairs during that
period. Sensory deprivation prevented almost completely the increase in fineaigcin clonal
pairs, while it did not affect the reciprocity in rolonal pairs. These results suggest that the
sensory inputs are required for the proper function of clustered protocadherins leading to
establishment of cellneagedependent reciprat connections.
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Title: Dynamics of dendritic tree selection revealed by {@rgnin vivoimaging of neonatal
barrel cortex layer 4
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Abstract: Proper neuronal circuit functioelies on precise dendritic projection, which is

established through activiyependent refinement during early postnatal development. Here we
revealed the dynamic mechanisms associated with dendritic refinement in the mammalian brain

by conducting longerm in vivo imaging of the neonatal mouse barrel cortex. In the mature

mouse barrel cortex, spiny stellate (SS) neurons and thalamocortical (TC) axon termini form
Abarrel so that are morphologically andalfunct:i
whiskers on the face. In each barrel, SS neurons are located around the barrel edge and extend

the basal dendrites (BDs) selectively toward the barrel center to make synapses with TC axons.

We visualized SS neurons in vivo by using in utero electrojpporbased Supernova labeling

(Mizuno et al., 2014; Luo et al., 2016) and TC axons by using the GER Tg mouse (Mizuno

et al ., 2014). By Aretrospect i v-edge S8 nearbngises, w
early neonates, which had an apioahdrite and primitive BDs. These neurons retracted the

apical dendrite gradually and established strong BD orientation bias through continuous
Adendritic treeo turnover. A greater chance o
barretcenter sidewhere TC axons cluster. Additionally, we conducted @1 in vivo

imaging and in vivo calcium imaging of infraorbital nerve cut mice to investigate the impact of

the neural activity on the dendritic refinement. Our in vivo imaging system contributes to
understanding of developmental mechanisms of cortical maturation in neonates.
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Abstract: Recent studies revealed that cannabinoid €Beptors (CERs) play important roles

in the development of neural circfiitrmation and plasticity. In the rodent barrel cortex;R8

at the thalamocortical terminals causes a developmental switch frortelongpotentiation

(LTP) to longterm depression (LTD) both in a spike timing dependent manner (tLTP, tLTD)

during the semnd postnatal week. In addition, endogenous cannabinoid ligands help regulate the
thalamocortical termination within layer 4 (L4) barrel areas since disorganized thalamocortical
termination was observed in @&KOs (Iltami, 2016). Subsequently, ¢ appeaat L4

terminals from the beginning of the third postnatal week {E8)3as we showed previously,

which again causes a switch from tLTP to standard STDP with LTP and LTD components. We

also showed that L4 axon morphology is attenuated in mutant micadeakiendogenous

ligand, 2arachidonoylglycerol (A G) synt hesi zing enzyme, diacyl ¢
the present study, we asked whether administration of cannabinoid agonists causes any effects on
L4 axon mor phol og y-tetraWgeocannmahinel {THE, @mgéKp botlyeveighip

i.p.), or WIN, a CB1R agonist (5mg/Kg, i.p.) from postnatal day 12 (P12) to P22. RZR18
thalamocortical slice were made and whod#l patch recordings were performed from L4 spiny

stellate neurons using neurobn in the recording pipettes. Slices were fixed with PFA, then

observed under confocal microscopy, and axon morphology was analyzed withJlisuadje

Neurolucida. There were significant reduction in total axon length of L4 spiny stellate neurons in
CB1R gonistt r eat ed ani mal s. Il n control, total axon
8237N444 e¢m in THC (p<0.05, n=13), and 6272N5
length in L2/3, home column in L2/3 were also significantly reduced in THG\Ahtreated



ani mals. These r e s-KQ study, inditatedhattcanrebinoid signdilingpléys U
an important role in regulating L4 axon morphology during development.
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Abstract: Intracortically projecting neurons are a heterogeneous population, which send their
axon across cortical areas, both within and across hemispheres. Bimdiegsthe precise
connectivity and diversity of these neurons is important, because intracortical projections allow
coordination of neuronal activity across cortical areas and behaviourally critical sensorimotor
transformation. Although populatidmased mtracortical wiring diagrams have been identified,
the singlecell connectivity of these neurons and their corresponding developmental
transcriptional programs remain unknown. Here, we address this question by combining a
barcoding strategy to identify gjle-cell connectomics (Kebschull et al., Neuron, 2016), with
singlecell RNA sequencing to identify the developmental gene expression programs of
hodologicallydefined single neurons. By combining these two scalable stegjleesolution
approaches, we stved developmental dynamics of primary somatosensory intracortical
projections and found transcriptional programs defining specific connectivity patterns.
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Abstract: During the edy postnatal period, neural activity, both in the form of spontaneous
electrical activity and sensory stimulation, is critical to the formation of functional neural

circuits. A large body of work using unimodal sensory deprivation manipulations has staiwn
depriving the appropriate inputs during early development reduced responsiveness in the
corresponding cortical region. Previous work in our laboratory showed that whisker deprivation
(WD) during early development not only reduced the excitatory signaghsmission of the
correspondent cortical region, but also crossmodally reduced synaptic transmission in other
sensory cortices (Zheng et al., Nat. Neurosci., 2014, doi:10.1038/nn.3634). Here, we investigate
the morphological basis of this crossmodabficity. We found that WD from PO to P14 reduced
presynaptic bouton density, and possibly also spine density, of L2/3 pyramidal neurons in the
primary somatosensory cortex (S1), as well as crossmodally in the primary auditory cortex
(Aul). Combiningn uteroelectroporation with an optimized optical clearing agent for-high
resolution fluorescence imaging (SeeDB2), we identified various changes in dendrite and axon
arborization the S1 and Aul of WD mice. Increasing sensory experience by rearing mice in an
enriched environment significantly rescued the effects of sensory deprivation, providing
evidence for directional regulation of structural plasticity by sensory experience. Together, these
results demonstrate that multiple morphological factors contribiggperiencaelependent

structural plasticity during early neural circuit development.
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Abstract: Rett Syndrome is a neurodevelopmental disorder caused by mutationg/iecihz

gene encoding for the meth@pG-binding protein 2 (MeCP2While most studies have

analyzed mleMecp2mice, analysis of female mice is clinically relevant to the female
population of Rett syndrome patients. A combination of behavioral, molecular, and
electrophysiological techniques has been employed here in the female"Mégi2nodel
(CreLoxdeletion of exona! deletion). Behavioral studies in female Me&p2Emice show

that the heterozygous mice have motor imbalance, gait deficits, breathing abnormalities, and
impaired cognitive function. Extracellular field recordings in hippocampagsfrom émonth

old female Mecp?'*B"mice displayed a reduction in lotgrm potentiation (LTP) at the
Schaffer collateraCAl synapse. Given that MeCP2 protein regulates gene expression,
guantitative polymerase chain reaction (qQPCR) analysis wpkged here using hippocampal
tissue from 4 and ttonth old female Mecp2-18" gPCR analysis revealed a reduction in
three known genes regulated by MeCB@nf Sapap3andKir4.1. A reduction in mMRNA

coding for synaptic markeRsd95andsynaptophysiwas also detected along with upregulated
MRNA levels for glutamate receptoiSIgrl, Glur2, Nr2a, andNr2b). Altogether, this

integrative analysis suggests that fenMbéxp2mice displayed significant behavioral and
synaptic plasticity deficits, alongith robust alterations in gene expression that can be utilized as
disease readouts for preclinical testing.

Disclosures:J. Palma: None.K. Kretschmannova: None.J. Beltran: None.M. Kwan:
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Title: Neuronal redoximbalance in Rett syndrome affects mitochondsavell as cytosol, and
is accompanied by intensified mitochondrial@@nsumption and ROS release

Authors: *M. MUELLER , K. CAN, C. MENZFELD, P. REHLING, S. KUEGLER, J. DUDEK
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Abstract: Rett syndrome (RTT), an X chromosotiiteked neurodevelopmental disorder
affecting almost exclusively females, is associated with various mitochondrial alterations.
Mitochondria are swollen, show altered respiratory rates, and theirmrmambrane is leaking
protons. To advance the understanding of these disturbances and to clarify their link to redox
impairment and oxidative stress in RTT, we assessed mitochondrial respiration in defined brain
regions and cardiac tissue of male wildtyjéT() and MeCPieficient Mecp2?) mice. Also,

we quantified for the first time neuronal redoalance with subcellular resolution in cytosol and
mitochondrial matrix. Quantitative roGFP1 redox imaging revealed more oxidized conditions in
the cytosol oMecp2” hippocampal neurons than in WT neurons. Furthermore, cytosol and
mitochondria oMecp2” neurons showed clearly exaggerated re@sponses to hypoxia and
cell-endogenous reactive oxygen species (ROS) formation. Biochemical analyzes exclude a
diseaerelated increase in mitochondrial mas$/iecp2” hippocampus and cortex. Protein

levels of complex | core constituents were slightly lowevigcp2” hippocampus and cortex

than in WT; those of complex V were lowerNecp2” cortex. Respiratory s@pcomplex

formation did not differ among genotypes. Yet, due to reverse electron flow into complex I,
mitochondria oMecp2” cortex and hippocampus consumed mog¢h@n WT. Furthermore,
mitochondria fromMecp2? hippocampus released more ROS. In casioly, we further

advanced the molecular understanding of mitochondrial dysfunction in RTT. Intensified
mitochondrial @ consumption, increased mitochondrial ROS generation and disturbed redox
balance in mitochondria and cytosol represent a causal chaah priovokes dysregulated
proteins, oxidative tissue damage, and finally neuronal network dysfunction in RTT.
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Title: Vagus nerve stimulatiotherapy to restore auditory processing in a rat model of Rett
syndrome

Authors: *K. ADCOCK 1!, B. R. SOLORZANG, C. CHANDLER, E. BUELL?, K.
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Abstract: Rett syndrome is a rare neurological disorder associated with a mutation in the X
linked gene MECP2. This disorder mostly affects females,tybioally have normal early
development followed by a regression of skills. The Mecp2 transgenic rat model of Rett
syndrome exhibits similar symptoms shown in patients such as seizures, anxiety, breathing
abnormalities, motor and auditory deficits. Indwads with Rett syndrome and Mecp2
heterozygous rats both exhibit atypical neural and behavioral processing of auditory stimuli,
which likely impacts effective speech processing. The development of therapies that can enhance
plasticity in auditory networkand improve speech processing has the potential to impact the
lives of individuals with Rett syndrome.

Here, we tested two potential strategies, Inslili@ growth factor 1 (IGFL) or vagus nerve
stimulation (VNS) paired with auditory stimuli, to restaaditory processing in MeCP2

transgenic rats. IGE has been successfully utilized in both human clinical trials and in rodent
models, with improvements in apnea, anxiety, and restoration of plasticity deficits. Similarly,
evidence suggests that precisefged VNSsound pairing can drive robust neuroplasticity and
enhance the benefits of rehabilitation.

Following 2 weeks of IGR. or saline therapy during development, heterozygous Mecp2 and WT
rats were trained to discriminate speech sounds in quiet asagiaus levels of background

noise to assess speech discrimination abilities:1@&terapy did not improve speech

discrimination performance in Mecp2 rats. In a separate experiment, auditory cortex responses
were examined in heterozygous Mecp?2 rats falhgu20 days of VNSone pairing or sham

therapy. Preliminary results suggest that VNS may improve abnormal auditory cortex responses



in Mecp?2 rats. These studies could lead to the development of novel adjunctive therapies that
could enhance auditory funetiing, and ultimately improve the quality of life of individuals with
Rett syndrome.
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Title: Programmable transcription of MECP2 and CDKLS5 suggests limited binding of dCas9 to
the inactive X chromosome

Authors: *J. A. HALMAI 1, P. DENG, J. L. CARTER, D. CAMERON, N. COGGINS, D.
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Abstract: Neurological diseasese a heterogeneous group of disorders caused by alterations in
nervous system function and many of these disorders can be attributed to genetic factors such as
chromosomal aberrations or gene mutations. The neurodevelopmental disorders Rett Syndrome
(RTT) and CDKL5 deficiency disorder (CDD) are caused by de novo mutations in MECP2 and
CDKL5 on the Xchromosome, respectively. Females with RTT or CDD undergo X

chromosome inactivation (XCI) forming a mosaic of cells expressing mutant and wild type
alleles. Qur research is focused on methods to specifically reactivate the healthy CDKL5 and
MECP?2 allele on the silencedé¢hromosome in human neurostile cell lines. Despite the
availability of small molecule drugs that can globally reactivate-3ifehced gengdocus

specific approaches remain elusive. Our group has been the first to identify proximal cis
regulatory elements in the CDKL5 and MECP2 core promoter regions using CRISPR/dCas9
fused to effector domains for programmable transcription in several ralikencells,

including the male U87 as well as in the female&¥bY and LUHMES cell lines. The

observed increase in gene expression and protein levels could be due to superactivation of the



active allele, activation of the silenced allele, or a comianaif the two. We sought to

investigate if the preferred superactivation of CDKL5 and MECP2 expression is due to limited
binding of dCas9 to the inactive X chromosome. Overlay of >80,000 SNPs8¥SM cells

with ATAC-seq data sets further allowed usrnweestigate the accessibility of the inactive versus
active X-chromosome with our dCas9 approach. Synergistic approaches using targeted DNA
demethylation of CDKL5 and MECP2 paired with LwCas13a RNA targeting of the XCI key
player longnon coding RNA XIST sggest increased accessibility by ATA€q and induction

of locusspecific escape from XCI. This approach holds great potential for individuals suffering
from RTT and CDD.
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Title: Characterization of mammalian target of rapamycin (mTOR) pathway alterations in Rett
syndrome mice model
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Abstract: Rett syndrome (RTT), an-Knked dominant neurological disorder, is caused by
MECP2gene mutations. Although multiple neurological abnormalities characterize RTT,
reduced brain andeuronal soma size are the most consistent neuropathological findings
observed in human brain and Mecp2 mutant mouse models. Studies in several organisms have
shown that mTOR signaling pathway regulates cell size. Emerging evidence indicates the
general dgfunction of the Akt/mTOR pathway connected to neuronal soma size in RTT models.
The mTOR pathway operates through two different complexes: i) mTORC1, linked to RAPTOR,
that response to signals, including growth factors and nutrients, and ii) mMTORCZ;tedroe
RICTOR, responds primarily to growth factors. The relative contribution of mMTORC1 and
MTORC?2 signaling modifications in the pathogenesis of RTT remains still elusive. In this study,
we explored the role of MTORC1 and mTORC2 signaling pathway tadteia theMecp2
Al40VandMecp2" mouse models. Using gPCR, western blot and immunofluorescence assays,
we quantified the relative levels of mTOR pathway molecules from brain and tissue sections of



male and female mice of ageatchedViecp2mutant and wd type. We found that mTORC2
pathway is considerably downregulatedMacp2 A140\mice. Furthermore, comprehensive

protein analysis revealed alterations overlapping both the mTORC1 and mTORC2 signaling
pathway in theMlecp2mouse models. We further tesi€chTOR activation rescues biochemical
deficits in the Mecp2 mutant animals by crossing female cafiesp2™) with Tsc2 (TscZ?)

mutant males. Genetic rescue reverses some of the biochemical abnormalities in mTOR
signaling, including Akt activity. AkiT308 phosphorylated form is essential for the Akt

activation and the downstream function. In our study, we found that the phospiocorgif Akt

T308 was significantly downregulated, and this was rescubtbap2 A140VTscZ / model
(TSC2A140V). We also found a significant reduction in the phosphorylation of S6K1 in A140V
mice, which was rescued in the TS&240V brain. We provide herdirect biochemical

evidence supporting the role of downregulated mTOR signaling pathway, which can be salvaged
in Rett syndrome model. Our current studies defining the role of mMTOR activation in the reversal
of RTT phenotype may serve as a central gjsater the development of novel therapeutics to

treat Rett syndrome.
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Abstract: Glutamate dysregulation plays a prominent role in the neuropathology in Rett
Syndrome (RTT) and in moasnodels of RTT. Patients show increased presence of glutamate
and glutamate metabolites in CSF. WorlMacp2null mouse models has shown that this
increase in glutamate may be specific to microglia and can contribute to excitotoxicity and
cellular injury. This combined with other coinciding neuropathology (i.e. oxidative stress, altered



NMDA receptor expression) could potentially contribute to cell stress and toxicity as well as
neurobehavioral consequences associated with RTT. Blockade of glutamagsisywith

inhibition of the enzyme glutaminase is a potential therapeutic avenue for targeting diseases
where glutamate levels are excessive. However, known glutaminase inhibitors are poor drug
candidates for RTT due to limited brain penetration. Furthengdobal/universal inhibition of
glutamate production throughout all cells in the nervous system would not be desirable in a
developing brain, as neurons require glutamate for proper functionality. Our data demonstrate
elevated levels of glutamine in bdifppocampus and striatum Blecp2deficient mice

suggesting that targeting glutamine may be a more effective route. Glutamine antagonists such as
6-diazo5-oxo-L-norleucine (DON) have a structure similar tglutamine and broadly inhibit
glutamineutilizing pathways including glutaminase, but their clinical application has been

limited due to toxic side effects. Thus we chose to investigate the utility of PAMAM dendrimers

to deliver a glutamine antagonist to the brain to decrease glutamate productioAMPAM
dendri mers are selectively taken up in OGactiyv
candidate for targeted inhibition of glutamate formation in these cells. We conjugated a prodrug
of DON to the dendrimer and evaluated the efficacyMeap2-null mouse model of RTT.

Preliminary findings indicate that weekly dendrirailivered DON prodrug administration

beginning at postnatal day 21 improves the neurobehavioral phenotype including paw clench and
gait abnormalities ifMecp2null mice. Furthework is being done to characterize the impact of
systemic injection of the dendrimdrug conjugates on microglia health and phenotype as well

as glutamate production. Our preliminary results indicate that deneme@iated inhibition of
glutamate prodction may be a viable treatment approach for reducing glutamelatied
neuropathology in RTT.

Disclosures:E.S. Smith: None.A. Sharma: None.M. Nedelcovych:None.C. O'Ferrall:
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Abstract: Rett Syndrome (RS) is a neurodevelopmental disorder caused mostly by mutations in
theMECP2gene. RS patients show characteristic breathing abnormalities that respond to GABA
receptor agonists, and are likely to be a result of increased brainstem neuronal excitability. GIRK
channels play a role in regulation of membrane potentials, and #hubera potential

therapeutic target for RS symptom release. GIRK channels have previously been shown to act on
brainstem neurons. Indeed, the GIRK channel inhibitor Cloperastine is currently available as an
overthe-counter antitussive in several AsiarddBuropean countries. In this study, we tested
whether Cloperastine had effects on breathing abnormalitiedp2deficient mice as well as
potential mechanisms. We found that Cloperastine reduced apnea cddetp2null mice.

Significant reduction impnea counts started 0.5 hours after Cloperastine administration
(30mg/kg, ip), and lasted ~4 hours. Similar inhibition of breathing frequency variability was also
seen. In the heterologous HEK expression system, Cloperastine potently inhibited GIRK1

GIRK2 channels with awnelC50ur2eaM. clampholl® eM
inhibitory and excitatory effects on norepinephrinergic neurons in the locus coeruleus and
GABAergic neurons in the dorsal tegmental nucleus. Because these oppesiteaftild be

produced by preand postsynaptic mechanisms, we studied GABAergic inhibitory postsynaptic
currents (IPSCs) in locus coeruleus neurons in voltage clamp. The predominant effect of
Cloperastine was an increase in GABAergic IPSC frequency assvitSC amplitude to a

lesser degree, which was inhibited in the presence of the A& ptor inhibitor Phaclofen.

These results suggest that Cloperastine seems to have beneficial effects on breathing
abnormalities in the RS model, which has fast olast$ 4 h, and involves inhibition of GIRK
channeldependent presynaptic GABAeceptors.
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Title: Reduction of aberrant NKB signaling and vitamin D supplementation ameliorate Rett
syndrome cortical phenotypes in Meep@l mice

Authors: *M . D. RIBEIRO?, S. M. MOORE, N. KISHI?3 J. D. MACKLIS®, J. L.
MACDONALD?®3
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Abstract: Rett syndrome (RTT) is a severe, progressiMenked neurodevelopmental disorder
caused by mutations in the transcriptional regulstBCP2 We previously identified an

aberant upregulationofthe N6 B pat hway iMecp2nbllanice amd deraoxstrated
that genetically attenuatingN+B si gnal i ng rescues some of the
phenotypes in RTT, such as the reduced dendritic complexity of layénédtortical callosal
projection neurons (CPN). These results raised the intriguing question of whetbeBNF

pathway inhibitors could provide a therapeutic avenue in RTT, at least in part. Among the many
known inhibitors of the Nl B p at h wa y D and its analogues, rand pstrikingly, vitamin

D deficiency is prevalent in RTT patients. We find thetcp2null mice similarly have

significantly reduced total serum levels of 25(OH)D compared to wildtype littermates. Further,
treating cortical neuroris vitro with calcitriol, the activated form of vitamin D, increases the
reduced neurite outgrowth observed alflrcp2knockdown. Thus, to investigate whether

vitamin D supplementation reduces the aberranbNB- a ¢ t Meep2riuly cortexin vivo, and
might have therapeutic benefit, we treated both miep2hemizygous null and femaMecp2
heterozygous mice and wiltgipe littermates with vitamin D supplemented chow, beginning at an
early symptomatic stage. We found that this simpleeffsttive dietay supplement

ameliorates neocortical dendritic morphology and soma size phenotypes indedesdent
manner, although it only modestly improves the reduced lifespitecp2null mice. In

addition, vitamin D supplementation rescues immature spine moghm Mecp2null mice.

These results provide new insight into the fundamental neurobiology of RTT and could provide
critical information about vitamin D dietary supplementation as a potentiaétfestive partial
therapeutic intervention for RTT.
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Abstract: Advances in clinical sequencing continue to higit the involvement of dosage
sensitive genes in the pathogenesis of neurological disorders. Proper brain function depends on
the maintenance of the levels of these proteins within a narrow range. {@g@ydinding

protein 2 MECP2 is one such gene:dsof-function mutations iMECP2cause Rett syndrome
(RTT) while duplications spannifdECP2causeMECP2duplication syndrome (MDS).
Normalization of protein levels has been shown to ameliorate disease phenotypes in mouse
models of both disorders. Theredpour goal is to identify postanslational modifiers of

MeCP2 that can be targeted therapeutically to normalize MeCP2 levels. To this end, we
performed arrayed siRNA and pooled CRISPR screens in a reporter cell line that allows us to
monitor changes iMeCP2 levels. From these screens we obtained hundreds of hits, which we
are currently validating by evaluating their effects on endogenous MeCP2 in HEK293T cells. In
parallel, we have also selected two promising candid&t€K1andUSP] to perform

mechanistic and genetic interaction studies. We have previously shown that shiebiated
knockdown ofRIOK1reduces MeCP2 levels in cells; to testithgivo effects of RIOK1

reduction, we generated a null allele in the mouse using CRGEBR editing. We found that
RiokI” mice have a 15% decrease in MeCP2 protein levels in whole brain lysate. However,
RIOK1 does not exhibit kinase activity towards MeGRLitro and the two proteins also do not
interact directly, leading us to believe that MeCP2 regulation is occurring via an intermediate
interactor. Given that reducing MeCP2 by a mere 15% is unlikely to significantly improve
behavioral abnormalities, we seted another candidate that we validated in HEK293T cells,
USP1 To assess the effectdbplknockdown on MeCP2 leveis vivo, we delivered AAV

ShRNA viruses targetingsplby intraventricular injectiorinto PO mouse pups. At 8 weeks of

age, we harvestithe posterior cortex of these mice and found a 30% decrease in MeCP2 levels
in vivo.We are now focused on elucidating the molecular mechanisms by which USP1 and
RIOK1 regulate MeCP2 levels, and evaluating whether combinatorial targeting of these genes
may have additive effects. Overall, this screening approach is proving to be a powerful tool to
identify posttranslational regulators of MeCP2 and potentially druggable targef4EGP2
duplication syndrome.
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Abstract: Respiratory disturbances with repetitive apnea (breathholding) during wakefulness is a
hallmark of patients with Rett syndrome, a neurologic disease in females often caused by
mutation of theMECP2gene. The repetitive breathholding phenotype is recapitulatdedcp2

mutant mice. Under anesthesia these mutant mice exhibit hypersensitivity of efferent modulation
of laryngeal adductor activity when premotor neurons in the pontine KéHikee micleus

(KFN) are stimulated by glutamate. In previous stugdg have shown that laryngeal adductor
activity is driven by a specific population of premotor neurons in KFN that are characterized by
their critical dependence on NMDA receptor and a decrentgattivity pattern during the
postinspiratory (posk) phase of the respiratory rhythm. These previous findings led to our
hypothesis that the repetitive breathholding phenotypégicp2mutant mice might represent a
peculiar form of wake stat@ependentecurrent laryngospasm caused by abnormalities oflpost
driver neurons in the KFN. In healthy humans and animals, laryngospasm may also result from
the classic laryngeal adductor reflex (LAR) evoked by activation of irritant receptors in the
laryngeal mucsa or electrical stimulation of the superior laryngeal nerve (SLN). In the present
study, we found that lowintensity shortrain electrical stimulation of the SLN (G0L2 s at 50

Hz during the expiratory phase) in WT female mice evoked both ipsilakendlatency (~8 ms)

and bilateral londatency (~60 ms) excitations of recurrent laryngeal nerve discharge that are
characteristic of the biphasic LAR response, along with simultaneous inhibition of phrenic
discharge that is consistent with a concurretiation of postl activity. Interestingly,

microinjection of the NMDA receptor antagonist AP5 at bilateral KFN significantly attenuated

the longlatency component of the LAR response without affecting the-$tericy component.

In contrast, ilMecp2heterozygous (female) mutant mice at a similar age (110 + 7 days old), the
same SLN stimulus evoked a similar sHatency component of the LAR response but theHong
latency component became much weaker or abolished. These data suggested that modulation of
the LAR by post driver neurons in KFN was suppressed/iecp2mutant mice. Finally, pre



treatment of thdlecp2mutant mice with the Rett syndrome drug candidate rklGE mg/kg,

I.p., daily for 3 weeks) did not restore the ldatency component of tHeAR or mitigate the
breathing abnormalities in these mice.

1. Song G, Tin C, Poon CS (2015) Multiscale fingerprinting of neuronal functional connectivity.
Brain Struct Funct. 220:29632.
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Abstract: Breathing dysfunction with repetitive apnea (involuntary breathholding) and other
respiratory abnormalities during wakefulness is a hallmark of patients with Rett syndrome, a
neurologic disease in females often caused by mutation ME@P2gene. Previous studies
have indicated that malfunction of neurons in the dorsolateral pontine KéHilssr nucleus

(KFN) may underlie similar respiratory abnormalities observed in animal models of Rett
syndrome. However, because of the whHwodely Mecp2mutation in these animal models,
influences from other brain regions cannot be ruled out. In partiddéop2mutant mice and
patients with Rett syndrome often exhibit heightened anxiety which may contribute to the
breathing abnormalities. To eliminate tpisssibility, we have employed a brain ssgecific
CRISPR gene editing technidue selectively knockouhe Mecp2gene in the adult rat KFN-4

8 weeks after injection of a mixture of two AAV vectors respectively encoding SpCas9 (AAV9
pMecp2SpCasSpA, Addgene plasmid #60957) and Mecp2 sgRNA (AAV6-rMecp2
gRNA-hSYN1-eGFP) at bilateral KFN where electrical stimulation caused apnea, the KFN
Mecp2 knockout rats (of either sex) exhibited breathing disturbances similar to those observed in
Mecp2mutant mie, including significant increases in the incidences of apnea, sighs and
respiratory variability as compared with normal rats. By comparison, injection of a mixture of
AAV9-SpCas9 and AAVA acZ (AAV9-U6-LacZ-sgRNAhSYN1-eGFP) at bilateral KFN

(LacZ contro) did not cause similar breathing disturbances as in the-MEBp2 knockout rats.

As with Mecp2mutant mice, the breathing disturbances in the H@¢tp2 knockout rats were



mitigated by i.p. injection of a-BIT1A receptor agonist (®@H-DPAT) or a GABA reupdke

inhibitor (NO-711). In contrast tMecp2mutant mice, however, both the KAMlecp2 knockout

rats and KFNLacZ control rats did not exhibit increased anxiety (as determined by the open
field test) compared with normal rats. Rosdrtem immunohistology slwed that the number of
neurons expressing Mecp2 was significantly reduced in the dorsolateral pons-ofé&dgR
knockout rats but no significant changes were observed in thell@ER control rats. These

results demonstrated that the breathing disturbastze=rved irMecp2mutant mice could result
from abnormalities of neurons in the KFN alone that are responsive to drug therapies. Behavioral
disturbances such as increased anxiety are not necessary for the induction of such respiratory
abnormalities.

1. Swech L et al. (2015) In vivo interrogation of gene function in the mammalian brain using
CRISPRCas9. Nat Biotechnol. 33(1): 142
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Abstract: Rett syndrome is a neurodevelopmental disorder characterized by an apparently
normal development during the firsti® months followed by a regression period. It is known

that at least 90% of the cases of Rett syndrome are caused by mutationdHC#P2gene

which is located in the Xhromossome. The MeCP2 protein is able to regulate genetic
expression through its role as an activator and repressor of transcription. BDNF is an important
neurotrophic factor that has its expression controlled by MeBPRF activates TrkBFL



receptor to promote neuronal differentiation and survival and also synaptic plasticity. It has been
shown that the BDN¥ediated signalling in RTT animal models is impaired. On the other hand
it has been seen that the increase oBhBIF expression leads to an augmentation of the
lifespan and an improvement in motor skills. In spite of these promising results the inability of
BDNF to cross the bloetrain barrier makes it difficult to use it as a therapeutic strategy.
Alternatively tie activation of adenosineAReceptorgA2aR) potentiates the BDNF synaptic
actions. The characterization of the adenosinergic syst&® mice (male hemizygous mice
knockout forMECP2gene) was previously accomplished, in our lab, and results revaaled
increase in the protein expression level @gRAand a decrease in the protein expression level of
A24R in the cortex and diminished endogenous adenosine levels in the hippocampus. Lower
levels of TrkBFL were also observed in the hippocampus and icdhiex of maleKO mice.
Considering that the severity of this disorder is very variable and that females are the most
affected it is mandatory to evaluate if the alterations fouOmmice can also be found in
heterozygous females as they have a legsreg@henotype. Thus the aims of this work were to
characterize the adenosinergic system and the BiDBdHated signalling in heterozygous
females of the Rett syndrome model. The results obtained through Western Blot revealed
diminished BDNF and MeCP2 leein the cortex and diminished4R levels in the

hippocampus of 26 weeks old heterozygous symptomatic female$in©verall the results
observed are similar to those obtaine® @ mice. This points to an impairment in the
adenosinergic system of haieygous females which, in turn, can somehow clarify the BDNF
mediated signalling dysfunction. The fact that in a less severe phenotype, such as the one
presented by heterozygous females, adenosinergic system is also significantly affected
demonstrates thaotentially the adenosinergic system can be used as a therapeutic target for
Rett syndrome.
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Title: Adenosinergic system dysfunction in Rett syndrome
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Abstract: Rett Syndrome (RTT) is a neurodevelopmentalrdisoprimarily caused by

mutations in the metyCpG binding protein 2\JECP2 gene. MeCP2 is known to modulate

the expression of braiderived neurotrophic factor (BDNF), a neurotrophin with essential
functions in cell differentiation, synaptic plasticand survival. BDNF signalling is impaired in
RTT. However, the therapeutic use of BDNF is a challenge due to its inability to cross the blood
brain barrier. Adenosine (ADO) is a neuromodulator that acts mainly throughd®%a

receptors (AR, AcaR). Theactivation of AaR potentiates BDNF synaptic actions, important to
overcome cognitive deficits presented by RTT patients. On the other ha&hdcfvation has
antiepileptic effect important to ameliorate epilepsy in RTT patients. Thus, activation of both
ADO receptors could be a potential therapeutic strategy. To overcome the lack of knowledge
about ADO system in RTT we developed a new line of research on this topic byuaingglF
established animal model of RTT: male hemizygous mice koatkor Mecp2 gene (KO) and

i) postmortemhuman brain samples from a RTT patient. The results obtained, by binding
assays, revealed that the protein expression levelRfia significantly increased in the cortex

of Mecp2 KOmice (n=56,p 0. 05) , w kxpresseon lpvel of AR ievaluated by

western blot, is decreased when comparedWit{(n=56,p" 0. 05) . The | evel s
most relevant enzyme for the regulation of ADO levels, are significantly decreased in the
hippocampus from KO mice at psymptonatic stage when compared to wild type (WT) mice
(n=4-5, p<0.05). Hippocampal electrophysiological recordings of field excitatorygostptic
potentials (fEPSPs), revealed that the inhibitor of ADK, ITU, and the selective agonif,of A
DPCPX, induce aignificantly higher disinhibition of synaptic transmission in hippocampal
slices fromWT mice, suggesting lower ADO levels KO mice (n=410, p<0.05). In addition,
changes in TrkB-L protein levels were found in cortex and hippocampus of KO mice at
symptanatic stage when compared to the age matched WT {b438<0.05). In ongoost
mortemhuman cortical brain sample, an increas@iiR mMRNA expression levels and a decrease
in A2aR mMRNA expression levels were detected. Overall, the results show a dysiundtie
adenosinergic system, which could explain, at least in part, BDNF dysfunction and epilepsy in
RTT. This data could, therefore open a new avenue in the treatment of RTT considering ADO
receptors as new therapeutic targets.
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Abstract: CDKL5 deficiency disorder is a rare disease without a cure, caused by mutations in
the cyclindependent kinaskke 5 gene, that is characterised by severe cognitive, sensorimotor
and autonomic dysfunctions. CDKLS5 is a serine/threonine kinase that cird@taexcitatory
synapses and it participates in the regulation of dendritic spines as well as synaptic transmission
and plasticity. However, how CDKLS5 intervenes in the mechanisms underlying the molecular
organization of synaptic contacts and what heedonsequences of its loss remains obscure. We
believe that answering to these questions will help uncovering druggable targets for this disease.
We identified Shankl, a synaptic scaffoldimgptein required for both maturation and

stabilization of dendtic spines, as a novel interactor of CDKL5 using botkifro and irvivo

assays. Our data indicated that Shank1l may form a bridge between CDKL5 and Homerlbc, a
protein scaffold that regulates the synaptic expression of Class | metabotropic glutamate
receptors (MGIUR). Accordingly, we found a reduction of the synaptic expression of both
Homerlbc and mGIuRS5, but surprisingly not Shank1, in primary sensory cortices of CDKL5 KO
mice. This altered molecular organization of excitatory synapses was associhtadlecreased
expression of Arc, a protein downstream of mGluR&diated activity, and atypical NMDA

receptors currents. Because mGIuR5 is crucial for synaptic contacts maturation occurring during
the critical period of cortical plasticity, we then folled/the expression and activity of this

receptor in the developing visual cortex of CDKL5 KO mice. Our data showed a sharp decrease
of both the synaptic localization of mGIuR5 and Arc expression in this cortical area, indicating



that CDKLS5 loss could hampéne functional refinement of visual cortical connections at crucial
developmental phases by altering the correct expression/localization of postsynaptic receptors.
Finally, we explored the therapeutic potentials of targeting mGIuR5 activity for CDKL5
deficiency disorder by administering to mutant mice CDPPB, a positive allosteric modulator of
this class of receptors. Interestingly, our results showed that, one hour after an acute injection
with CDPPB (i.p.; 3mg/Kg), the deficits shown by CDKL5 KO mice atHbsensory (adhesive
removal) and cognitive (Ynaze) tests were rescued. In conclusion, our study discloses novel
molecular interactors of CDKLS5 that are crucial for dendritic spines formation, maintenance and
plasticity. Moreover, we unveiled a promisidgiggable pathway that we are extensively
exploring for its therapeutic efficacy and translational potentials.
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Title: Visual phenotypes of a mous®del of CDKL5 disorder: Neuroplasticity, behavioral
correlates and therapeutic approaches
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Abstract: CDKL5 deficiency disorder (CDD) is a neurodevelopmental disorder still without a
cure. The devastating isyptoms comprise seizures, impairment of motor skills, lack of language
and a substantial delay in many aspects of development. In order to develop and test preclinical
treatments and to understand the biological processes underlying the disease, aur lab ha
previously established the analysis of cortical responses to visual stimuli as a precision tool to
probe cortical circuits function. This experimental strategy has proven to be successful in
discriminating mutant from wild type mice with remarkably hagituracy, and to predict



amelioration of other anatomical and behavioral deficits after experimental treatments. We are
currently expanding this research along three lines: first, since CDKL5 null mice show a
decreased signalling of the metabotropic glasmeceptor mGLURS, we are testing the effect

of a single dose of an mGIuR5 agonist drug (CDPPB) on visual responses. Preliminary data
showed a remarkable recovery of normal visual processing in treated animals. Second, we are
investigating if neuroplagtity, another fundamental feature deeply studied in the visual system,
is impaired when CDKLS5 is missing. We analyzed Ocular Dominance Plasticity (ODP) after 3
days of Monocular Deprivation (MD) beginning at PRZ8, a protocol that mainly results in the
depression of cortical inputs coming from the deprived eye. We found no differences of ODP
between wt and mutants. Finally, due to the importance of behavioral phenotyping, we are
investigating behaviors that are tightly coupled with visual function Hutedtects integrated
functions. We have started this analysis by developing a custom fully automated setup for
Appetitive Conditioning (AC). In this setup, mice are trained to press a button in response to a
visual stimulus to get a reward in a Skinhi&e manner. Mice performance is translated into
various behavioral parameters including fi&ale tracking, number of trials initiated and latency
to response. AC showed that CDKL5 null mice display an hyperactive behavior: they complete
more trials for eeh session and the stimulus to butfess latency is shorter. Strikingly, we

found that the general performance of mice is tightly correlated with the amplitude of visual
responses measured by intrinsic signal optical imaging, thus establishing A€feectve test

to probe integrated behaviors directly coupled to the visual biomarker in CDKL5 null mice.
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Abstract: De novo mutations in the-knhked geneCDKL5 are associated with a rare
neurodevelopmeal disorder characterized by early neonatal/infantile onset of epilepsy,
developmental delays and cortical visual impairment. CDKLS5 is expressed from late gestation
into early postnatal life and likely contributes to the assembly of neuronal circuitiseand
experiencedependent refinement during critical neurodevelopmental periods. How CDKL5
affects such complex processes is still largely unknown.

Through an RNA Seq screen, we have identified CDKL5 as a potential signaling molecule that
may be involvedn activity-dependent callosal synapse refinement. Callosal connections are the
major connection across the cerebral hemispheres and mediate the integration of information and
acquisition of a functionally lateralized brain. The disruption of their dewetop has been

linked to neurodevelopmental disorders. To assess the impact of CDKL5 deficiency on callosal
connectivity, we performeth vitro recordings from cortical sections of CDKL5 KO and WT

mice at postnatal day P5 and P15. We found that while feretices were present at P5, there

were significantly more callosal synaptic inputs at P15 in the KO mice compared to WT,
suggesting these connections may fail to refine in the absence of CDKL5.

In order to evaluate whether such abnormal functional caritgatould persist in adulthood

and impact network activity across brain regions, we performed restig)fMRI and exivo

DTl in CDKL5 mutant and control adult mice (n=1Q each). BOLD time series were extracted
using the Allen Reference Atlas ontgioand their connectivity couplings were measured using
Pearsondés correlation coefficients across 65
CDKL5 exhibited robust overonnectivity between retrosplenial, anterior cingulate and
somatomotor caices, and across int&lemispheric posterior associative, entorhinal hemispheres
and between the retrosplenial cortex and the anterior portion of anterior commissure/motor
cortex when analyzed by voxelise (network analysis) or rooi analysis (connectoe

analysis). These default networks are involved in motor and visual areas. Consistent with these
findings, when we recorded VEP from visual cortex, we found a significant decrease of both
amplitude of response to low spatial frequency, as well as speg@ution. Our results indicate

that CDKLS5 is necessary for the proper refinement of callosal projections, and point at the use of
DTI, rsfMRI and VEP as syndromspecific translational biomarkers, which may be employed

to predict progression of the disler and response to treatment.
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Abstract: Cultured Neuronal cells derived from Olfactory Neuroepithelium (CNON) display
transcriptomic patterns similar to neural progenitors, a type of cell that plays a key role in
neurodevelopment. Not only can these dadiobtained from large numbers of individuals via
nasal biopsy, they are renewable via growth in culture. As part of PsychENCODE, we have
developed comprehensivedBmensional epigenomic profiles of CNON using biopsies from 63
individuals.To identify reglatory elements, nucleosome positioning, and transcription factor
binding sites in CNON, we used chromatin immunoprecipitation (Skth and nucleosome
occupancy and DNA methylome (NOMeq) assays. We also performed in sittCHooping
assays to detechromatin interactions, including large active and inactive topological
associating domains (TADs), highsolution enhancesromoter loops, and repressive loops. We
identified hundreds of thousands of regulatory elements in CNON and mapped transcription
factor binding platforms within these elements. We identified 6,800 TADs, which include
inactive TADs enriched with genes involved in sensory reception of smell, and hundreds of
thousands of intrehromosomal loops, with the majority being anchored by regad repressed

or heterochromatic chromatin. Using NOMeq, we characterized nucleosome positioning at
promoters, enhancers, and insulators, as well as a novel category of nucldeptete] regions
(NDRs) that do not have marks of active chromatin. @Gamson of CNON active enhancers (the
epigenetic state most closely linked to cellular identity) to active enhancers in a hundred different
cell types revealed that CNON cluster with neuroblastoma cells and that thousands of CNON
enhancers are active iretbrain. Also, CNON active enhancers are enriched with motifs
associated with cells of neuronal origin. Schizophrenia is a neurodevelopmental psychiatric
disorder with 81% heritability and has been associated with deficits in olfactory perception.
Therefoe, we used CNON as a model to identify and characterize regulatory elements linked to
schizophreniaWe identified 147 TADs harboring ~1,000 variants in regulatory elements active
in CNON, including one TAD at chr17p11 with hundreds of schizophrenisssiciated

variants. Finally, we predicted enhancer:target gene interactions linked to increased risk for
schizophreniaOur results suggest that CNON is a useful model for epigenetic studies of
mechanisms underlying neurodevelopmental components of psicHdiaorders.
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Abstract: Ketamine, a phencyclidine derivative, is an antagonist of the calsgrmeable N
methytd-aspartate (NMDAYype glutamate receptors. A pediatric anesthetic implicated in
developmental neurotoxicity, ketamine has been shown to deplete ATP inahamaells.

Based on our previous studies showing acetyainitine (ALCAR) prevented ketamiieduced
cardiotoxicity and neurotoxicity in zebrafish embryos, the effect of which was blunted by
oligomycin A, an inhibitor of ATP synthase, we further inigestied the effects of ketamine and
ALCAR on ATP levels, mitochondria and ATP synthase in zebrafish embryos. Embryos at 28 h
post fertilization (hpf) were treated with 2 mM ketamine (equivalent to an internal concentration
of 8.4 & M) f orhe28thpfambryds pastkpgsare demamdtrated that ketamine
reduced ATP levels in the embryos but not in the presence of ALCAR. Ketamine also reduced
total mitochondrial protein levels and mitochondrial potential, which were prevented with

ALCAR co-treatmen To determine the cause of ketaminduced ATP deficiency, we explored

the status of ATP synthase. The results showed that a subunit of ATP synthase, atp5alphal, was
transcriptionally dowsregulated by ketamine, but not in the presence of ALCAR, althoug

ketamine caused a significant upregulation in another ATP synthase subunit, atp5beta, and total
ATP synthase protein levels. In addition, ketanrtieated embryos developed an abnormal heart
structure. In these embryos, with an enlarged heart, theattraular (AV) valve separating the
auricle and ventricle did not develop. ALCAR-teatment, however, prevented ketamine
induced defects in the heart structure. This
be mediated by ATP deficiency dteemitochondrial dysfunction.
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Abstract: zDHHCS9 is a protein acyltransferase (PAT) that enzymatically adds palmitate to
cysteine residues on specific protein substrates. This modification results in increased protein
hydrophobicityand membrane association and is reversible by the action of depalmitoylating
thioesterases. This dynamic process plays a key role in the spatiotemporal distribution of proteins
within the neuron. zDHHC9 is abundant in the brain and while there are ovpot&fial
substrates, only Hand NRas are known substrates of the enzyme. Recently, three loss of
function mutations in the zDHHC9 gene have been identified in individuals witinkéed

Intellectual Disability (XLID). Our lab has previously determinbdtttwo missense point
mutations, P150S and R148W, result in a enzymatically deficient zDHHC9. Here, we
characterize the zDHHC9 R298* nonsense mutation that results in the expressioteainm@l
truncated protein, in the context of the mature hippo@mguron. Using primary rat

hippocampal neurons, we perform techniques such as subcellular fractionation,
immunofluorescence and live cell imaging to understand the underlying pathophysiology that
this specific mutation imparts. From our observationsfimeethat the nonsense R298*

zDHHC9 mutation associated with XLID results in restricted trafficking of the mutant protein.
While WT-zDHHCO is trafficked through the axons and dendrites, tieeminal truncated

R298* mutant is restricted to the Golgi witththe cell body. This finding suggests that the
subcellular mislocalization of R298* zDHHC9 mutant potentially limits its access to specific
protein substrates involved in maintaining synaptic function. Additionally, we examine how loss
of function mutatias in zDHHC9 might affect downstream signaling. Palmitoylation of
zDHHCO9 substrates, +and NRas, dictates activity by changing the localization of the protein

to the plasma membrane where it can interact with its effectors. In the brain, Ras sigraling is
important event involved in synaptic plasticity and dendritic morphogenesis. Utilizing control or
zDHHC9 knock out human chronic myelogenous leukemia cell lines, we examine Ras
dependent signaling cascades using Western blot analysis. Additionadlyaméne the activity



of Ras in these cell lines utilizing a Ras activation-dollvn assay. These experiments are novel
and largely unexplored. We believe our data will be insightful to understanding the
pathophysiology in the brains of XLID patients.
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Abstract: Exosomes are cetlerived nanoscale size vesicles, playing roles with a paracrine
messager affecting nearby recipient cells as well as presenting a systemic messenger in the all
eukaryotic fluids, including blood, urine, and cultured medium of cell cultures. Exosomes

include tissuespecific and diseaselated molecules such as lipids, pios and RNAs. In

central nervous system, recent evidences show that exosomes are remarkably stable in body
fluids proving their utility as disease biomarkers. Exosomes can transfer pathogens such as prion
protein (PrP), responsible for Creutzfeldtkob d s e a-syraucleinUnvolved in the

pat hogenesis of Parkinson's disease; amyloid
brain of Alzheimer's disease (AD). In contrast, exosomes may have a protective function by
relieving the cells from toxic accurtation of these pathogens or transferring beneficial

molecules. Intact mitochondria can be transferred between cells in disease conditions such as
cancer, stroke, and lung injury, but the details on the mechanism of transfer remains elusive.
Recently, extacellular vesicles (EVs) from mesenchymal stem cells (MSCs), were reported to
contain some mitochondrial components, including proteins and mtDNA. These studies suggest
that mitochondrial components are secreted from the cells in the form of EVs. Honvisvetill

unknown whether mitochondrial proteins are secreted as exosomes. In this study, we investigated
the expressions of mitochondrial components in exosomes isolated from brains, plasma, and
primary neuron/astrocyte of neurodevelopmental and negssekrative disorders mouse model.

Our findings show that mitochondrial components were decreased in disease mouse models,



compared with wild type mouse models. In conclusion, these results suggest that mitochondria
and exosome biogenesis pathway are catenected and exosomdsrived mitochondrial
components have a possibility as potential diagnostic/therapeutic targets.
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Abstract: Polyglutamine binding proteitt (PQBP1) is a splicing factor whose mutations have

been associated with Renpenning syndrome, a typeliok&d intellectuadisability. Recent

studies find that cytoplasmic PQBP1 may be involved in protein translation but the underlying
mechanism is unclear. Here, we identify PQBP1 as a ribosome binding protein that directly binds
with ribosomal proteins on the 80S ribosometirermore, we reveal that PQBPL1 interacts with
nonphosphorylated eukaryotic elongation factor 2 (eEF2) and suppresses its phosphorylation
through blocking the phosphorylation site of eEF2. These findings identify PQBP1 as a novel
translational regulatomal indicate that PQBP1 promotes protein translation through suppressing
eEF2 phosphorylation.
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Title: Acute and earhife exposure effects of the pyrethroid insecticidaatakthrin on medium
spiny neurons of the nucleus accumbens

Authors: *C. M. TAPIA %, O. FOLORUNSG®, K. MCDONOUGH, L. HALLBERG" B.
AMEREDES, T. GREEN, F. LAEZZA?

!Pharmacol. and Toxicology, Univ. of Texas Med. Br. Galveston, GalvestorfPRidrmacol.
andToxicology,3Neurosci. and Cell Biol#Sealy Ctr. for Envrn. Hith. and MedlIntrnl. Med.,
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Abstract: Deltamethrin (DM), a commonly used pyrethroid insecticide, exerts its effect on
insects by delaying onset iofactivation in voltage gated sodium (Nav) channels fundamental for
neuronal excitability. Epidemiological data showed a correlation between pyrethroid metabolites
in urine and increased risk of ADHD diagnosis in children. In rats, exposure to DM rasults i
behavioral phenotypes that mimic aspects of ADHD and are associated with the dopaminergic
(DA) reward pathway in the nucleus accumbens (NAc). Dysregulation of DA medium spiny
neurons (MSNSs) in the NAc is thought to play a critical role in neuropsycheasorders like

ADHD, anxiety, and depression. The Nav 1.6 channel, critical in synaptic transmission, is
abundant in the MSNs. Here, we investigate the mechanism of MSNs dysfunction due to both
acute and developmental DM exposure. For the acute modehtrbrain slices containing the

NAc were incubated in 10uM DM. Using whetell patch clamp electrophysiology, we assessed
changes to intrinsic excitability of MSNs. An increase in the instantaneous firing frequency and
the total number of action potertiaand a decrease in the peak amplitude was observed at
multiple injected current steps (n87 data was normal with equal variance, 4sample itest,
p<0.05). For the earlife exposure model, pregnant female B6 mice were exposed to 3.0 mg/kg
of DM throughout pregnancy and lactation. Then, male mice-litates from poshatal day

~30 were used for subsequent experiments. We employed-edibfeatchclamp

electrophysiology in coronal brain slices to monitor changes in NAc MSNs firing due to
developmerdl DM exposure. A decrease in the total number of action potentials and
instantaneous firing frequency was observed {h2,/data was normal with equal variance,two
sample {test, p<0.05). These studies will advance our knowledge of the toxic actiityl af

the developing brain and help assess risk exposure in the human population and potential
increased vulnerability to neurodevelopmental disorders.
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Title: Environmental contribution to transcriptome and methylome dynamics of excitatory
neurons in the maternal immune activation model of autism spectrum disorder

Authors: *C.-Y. LAI %, J. LB, J. D. LUCERG, R. G. CASTANON, J. R. NERY, A. PINTO-
DUARTE?, T. J. SEJNOWSK]| S. B. POWELL, J. R. ECKER, E. A. MUKAMEL3, M.
BEHRENS
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Abstract: Maternal immune activation (MIA) in rodents during early embryonic development
causes profound neurodevelopmental alterations in the offspring. This leads to neurotransmitter
system and behavioral abnormalities that resemble those of human autism sgestirder

(ASD). How activation of the maternal immune response interacts with underlying genetic
factors during early development to influence ASD phenotypes is still largely unknown. Recent
evidence suggests that dysregulation of epigenetic pathwaysnanihg altered gene

expression, could cause the neurodevelopmental alterations observed in the offspring. Our
previous analysis showed intricate dynamics of methylation and transcriptional changes during
embryonic and early postnatal development, sugggstis period is highly vulnerable to
disruption by environmental insults. To address this hypothesis, we performed MIA by injecting
polyinosinic:polycytidylic acid (Polyl:C) in pregnant mice at embryonic day 12.5. We measured
the transcriptome in mousmhtal cortex of MIA and control offspring by mRNA sequencing
(RNA-Seq) at embryonic day 14.5 (E14) (n=4/group), postnatal day 0 (P0) (n=4/group), and in
adults at 10 weeks of age (n=6/group). Polyl:C exerted profound effects on gene expression in
offspring at PO. However, these transcriptome data at the whole tissue level may reflect a
complex pattern of gene expression regulation across multiple cell types. To further investigate
neurodevelopmental alterations in a 4gfle specific manner, we used INTAo label nuclei

in excitatory neurons using the CISNex-Cre mice. We generated transcriptomes (nuclear
RNA-Seq, n=911 mice from 3 litters/group/time point) and single base resolution methylomes
in frontal cortex excitatory neurons (n=6 mice from &is/group/time point) at PO and P13.
Consistently, Polyl:C exerted a strong effect on excitatory neurons in MIA offspring at PO.
Specifically, 38 synapseelated genes were dowagulated in MIA, including ion transporters
(Nkccl) ion channel subunitsnGlur5/mGlur7, Cacnal) and cell adhesion moleculddrkn3)



Importantly, at PO the ratio of mMRNA expression of Nkccl to Kcc2 was 70% higher in MIA
offspring in comparison with the control group. A higher Nkcc1/Kcc?2 ratio in immature neurons
suggests tha¥llA may delay the excitatorjo-inhibitory GABA switch in MIA offspring. These
differences were not observed at P13. This study identified transcriptome as well as methylome
dynamics at key developmental time points that can further our understandieguatigrlying
contribution of environmental factors to autism spectrum disorder.
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Title: Human brain lysosomal cathepsin gene expression profiles during normal development
from prenatal to infant, childhood, adolescent, and young adult

Authors: *V. Y. HOOK 134 A, HSW?, S. P. PODVIN
2Skaggs Sch. of Pharm. and Pharmaceut. Siiy. of Calif., San Diego, La Jolla, CADept.
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Abstract: Cathepsin protease genes are necessary for protein homeostasis in normal brain
development and function, and numerous brain disorders of development. Cathepsins are present
in lysosomes that participate in protein degradation and cellular proteostasise aothposed

of fifteen cathepsins consisting of cysteine, aspartyl, and serine protease subtypes. The diversity
of cathepsin proteolytic activities raises the question of what are the human brain expression
profiles of the cathepsin genes during develeptirom early prenatal to infant, childhood,
adolescence, and young adult stages. This question was addressed by evaluating the gene
expression profiles of the cathepsin genes in sixteen human brain regions during normal
developmental periods by quantita RNA-sequencing data obtained from the Allen Brain

Atlas resource. The novel finding was the remarkable consistency in relative proportions of
cathepsin gene expression levels among brain regions during the developmental stages of
prenatal, infancy, cldhood, adolescence, to young adult. Expression of the cathepsin genes in
brain regions among the ages showed (a) high expression of cathepsins B, F, and D, (b) moderate
expression of cathepsins A, L, and Z, (c) low expression of cathepsins C, H, Kar@,\,and



(d) very low expression of cathepsins E, G, and W. It is of interest that widely different cathepsin
expression profiles among brain regions and ages were not observed. These findings demonstrate
that the lysosomal cathepsin genes display simaliak orders of expression during human brain
development. The consistent pattern of these expression profiles suggests that human brain
developmental functions utilize wellefined, balanced profiles of cathepsin gene expression.
Knowledge of the normadxpression profiles of lysosomal cathepsin proteases during human

brain development provides an important basis for future investigation of lysosomal cathepsin
protease dysregulation occurring in traumatic brain injury, lysosomal storage disease,
schizophenia, and many related brain disorders.

Disclosures:V.Y. Hook: None.A. Hsu: None.S.P. Podvin:None.
Poster

555. Mechanisms of Developmental Disorders

Location: SDCC Halls BH

Time: Tuesday, November 6, 2018, 1:00 PBt0O0 PM

Program #/Poster #:555.09C25

Topic: A.07. Developmental Disorders

Support: NIH RO1INS092062

Title: Regulation of filamin and Fmn2 on proliferation and differentiation of neural progenitor
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Abstract: Neural progenitor proliferation and cell fate decision from-gafiewal to

differentiation are crucial factors in determining brain size and morphology. The cytoskeletal
dependent regulation of these processasti®ntirely known. The actibhinding filamin A

(FInA) and Fmn2 were shown to regulate proliferation of progenitors by transducing upstream
Wnt signals through-batenin to downstream changes in cell cycle proteins such as Cdkl1. Here,
we report that actitad RhoAGTPase disengages Fmn2thl C-terminal binding to promote

Fmn2 activation and redistributi on-catenirtim | ysos
lysosomes and promotes its degradation. Further, Fmn2 binds the E3 ligase Smurf2, enhances
Snurf2-dependent ubiquitination and degradation of Dishevélled( Dv Il 2) , t her eby i

catenin degradation and impairs cell proliferation. Moreover, functional loss of FInA not only
affects the rate of proliferation by altering cell cycle length bad ahuses a defect in early
differentiation through changes in cell fate specification. FInA interacts with Rho GTPase RhoA,
and FInA loss impairs RhoA activation. Disruption of either of these cytoskeletal associated
proteins delays neurogenesis and prsomeural progenitors to remain in proliferative states.
Inhibition of FINA or RhoA impairs Aurkb degradation and alters its localization during mitosis.



Our findings suggest that shared cytoskeletal processes can direct neural progenitor proliferation
by regulating the expression and localization of proteins that are implicated in the cell cycle
progression and cell fate specification.
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Title: Mechanisms of glutamatelease during neural tube formation

Authors: R. GOYAL, *L. N. BORODINSKY
Univ. of California Davis, Sacramento, CA

Abstract: Failure of neural tube closure leads to one of the most common human birth defects,
known as neural tube defects (NTDs), which bane serious neurological consequences or be
lethal. The use of antiepileptic drugs (AEDs), during pregnancy increases the incidence of NTDs.
Our previous studies have shown that glutamate signaling through NMDA receptors is important
for the formation othe neural tube and that the AED valproic acid perturbs this signaling which
induces an increase in neural plate cell proliferation and impairs neural plate cell migration,
resulting in NTDs. The mechanism of glutamate release by neural plate celllkes gntce

synapses are not assembled yet at these early stages of development. In this study we investigate
the molecular mechanisms by which glutamate is released and signals in the folding neural plate
of Xenopus laevismbryos. To determine whether wesar release of glutamate occurs in the

neural plate we first assessed the expression of the vesicular glutamate transporter 1 (VGIuT1)
during neurulation and found that VGIuT1 transcripts are present at these developmental stages.
Through wholemount inmunostaining we found that VGIUT1 protein localizes to medial

regions of the neural plate. Knocking down VGIuT1 expression by injecting a specific VGIuT1
translationblocking morpholino in Zell stage embryos leads to NTDs, indicating that VGIuT1
expressin in neural plate cells is necessary for neural tube formation. In order to determine the
source of glutamate and the dynamics and mechanisms of its release during neural plate folding
we expressed the geneticaijcoded, glutamateensor, iGluSnFRnN vivo imaging of

neurulating embryos reveals that the fluorescent signal from iGluSnFr is selectively brighter in
the neural plate compared to the fm@ural ectoderm, thereby suggesting that glutamate is



released from neural plate cells. In turn, releasetugate may recruit calciudynamics in

neural plate cells. We found that unilateral knockdown of VGIuT1 decreases the number of
spontaneous calcium transients in the affected half neural plate and impairs its folding.
Moreover, exogenous addition of iangcin enhances the fluorescence intensity of iGluSnFr in
neural plate cells, which suggest that glutamate is released by calepeandent vesicular
exocytosis. Altogether these findings suggest that vesicular glutamate release occurs in the
neural plateelicits calcium dynamics, and is necessary for the formation of the neural tube.
Elucidating the mechanisms of neurotransmitter signaling during neurulation may contribute to
identify antiepileptic drugs that are safe during pregnancy.
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Title: bl V spectrinopathies cause profound intell e
motor axonal neuropathy
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®0Oklahoma Med. Res. Fndn., Oklahoma City, O®klahoma Univ. Hith. Sci. Ctr., Oklahoma
City, OK

Abstract: bl V spectrin functions together with anky
channelsat axon initial segments (AIS) and nodes of Ranvier. These channels are necessary for

the initiation and propagation of action potentials in the nervous system. Pathogenic variants of

Ul'l spectrin (SPTAN1) cause s wpomglinatonfasdnt i | e
brain atrophy; pathogenic variants of bl (SPT
spherocytosis and spinocerebellar ataxia type 5, respectively. Although a vageiyesing

mi ce bearing mut Hpthndphawe bdemrepbried/andsspudied,touri n
understanding of human pathogenic variants 1in



case report of an individual with congenital myopathy, neuropathy and deafness. However, the
pathogenic mechanism sti#mains elusive. Here, we report five family cases -@leiic

pathogenic variants (three homozygous and two compound heterozygous) in SPTBN4 that cause

profound intellectual disability, congenital hypotonia, and motor axonal neuropathy. We show
that 57 are lossof-function variants that disrupt AlS localization or phosphoinositide binding.
Nerve biopsies from a proband with a lagsunction variant also showed reduced nodal Na+

channels and no nodal KCNQ2 K+ channels. We also demonstrate thatlaltheaug k y r i n R/ b |

spectrin can partially compensate for the clustering of Na+ channels upon the loss of

ankyrinG/ blV spectrin, ankyrinR/ bl spectrin

channels. In summary, our studies reveal the molecular pathologiasanfts in SPTBN4 and
define a new class of spectrinopathies.
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Title: Singlecell genomic analyses of somatic mosaicism in fetal alcohol spectrum disorders
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Abstract: Fetal alcohol spectrum disorders (FASD) collectively classify neurodevelopmental
and psychiatric problems attributemrhaternal ingestion of alcohol. Previous genetic studies of
FASD have primarily focused on variants associated with risk, but have not investigated
genomic alterations that may result from ethanol exposure to the developing brain. Genomic
mosaicism, or deto-cell DNA variability, has been established as a feature of the normal
cerebral cortex, with significant genomic variations occurring during development. We worked
to determine if ethanol exposure during neurogenesis in the developing brain coultbaiite

of genomic variation in neurons. We developed a novel, stejlevhole genome analysis
approach to assess these somatic genomic changes in the developing cortex. Integration of
multiple approaches allowed us to determine the effectsudkro ethanol exposure in both

c



dividing and interphase cells. Analysis of embryonic mouse brain cellsrattegroethanol

exposure during neurogenesis showed altered genomic variations when compared to control
mice. Results from this study reveal lastinggmic alterations resulting from ethanol exposure
during development and suggest that the aberrant genomic changes observed contribute to the
range of neurological defects present in FASD.
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Title: A novel pseudogerencoded long noncoding RNA mediates fetal alcohol effects
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Abstract: Prenatal alcohol exposure is a leading-genetic cause of neurodevelopmental

disability. Neural stem cells (NSCs) that give rise to most neurons of the adult brain during the
first and second trimest are particularly vulnerable. We previously found that ethanol exposure
did not result in NSC death, but rather, the loss of NSCs due to premature maturation. This effect
was mediated in part by the loss of specific miIRNAs in NSCs. Here, we investlyztteew

ethanol also specifically prevents NSC renewal. We assessed the regulation of the homeobox
transcription factor, Oct4/POU5F1, which is important for maintaining stem cell renewal and
pluripotency. The Oct4 family includes several long-pootein caling RNAs (IncRNA)

transcribed from pseudogene loci. We identified Octpg9 as one pseudiageresl INCRNA

transcript that was expressed in NSCs at significantly higher levels than the parent Oct4 mRNA
transcript. Ethanol exposure results in elevated $eoeDct4pg9, whereas Oct4 protein levels

are reduced. We studied the effect of ethanol exposure on the expression of Oct4 and Oct4pg9.
Ethanol decreased Oct4 protein levels, but increased Oct4pg9 INcRNA. We assessed the effects
of elevated Oct4pg9 on stesell fate markers in NSCs, compared to the effects of ethanol.
Oct4pg9 overexpression increased DCX, NeuN and GFAP mRNA transcripts, an effect that was
mimicked by ethanol exposure. In contrast, siRidAdiated Oct4pg9 knockdown resulted in
downregulatiorof DCX and MAP2 mRNA. These data suggest that etharealiated elevation



of Oct4pg9 shifts NSCs towards a neuronal/oligodendrocytic fate. Moreover, we found that
CRISPR mediated knockdown of Oct4pg9 disrupts the correlated expression of stemness and
differentiation markers. We show that sSiRNA mediated Oct4 knockdown, mimicking the effect

of ethanol, resulted in an increased rate of DNA synthesis rate, an effect which can be reversed
by knocking down Oct4pg9.0ur results suggest that a novel @€lated IncRIA regulates

NSC renewal and mediates some of the teratogenic effects of ethanol. Manipulating this INncRNA
may be an interventional approach to reverse some of ethanol effects on neural stem cells.
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Title: Regulation of the basic heliwop-loop transcription factor TCF4 activity in neuronal cells
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Abstract: Transcription factor 4 (TCF4) belongs to a family of basic Rielop-helix

transcription factors also known agpkoteins. TCF4 has been associated with several mental
disorders such as schizophrenia, intellectual disability, bipolar disorder and areedysease
known as PitiHopkins syndrome (PTHS). Furthermore, expansion of trinucleotide repeats in an
intron of TCF4 have been shown to be responsible for the development of Fuchs' endothelial
corneal dystrophy. We have previously demonstrated thatmii@g&4 gene is transcribed using
numerous 5' exons potentially yielding in TCF4 protein isoforms with differeetmini that

vary in their subcellular distribution and ability to regulate transcription. Additionally, we have
found that PTHSassociated ntations impair the functions of TCF4 by diverse mechanisms
ranging from hypomorphic to dominanegative effects. Our recently published data show that
neuronal activity and protein kinase A lead to phosphorylation of TCF4 and activation of its
transcriptonal activity indicating that synaptic activation of nerve cells, that is the basis of brain



function, regulates TCF4 function. We have further investigated regulation of TCF4 function in
neurons by studying how various sequence variations, mutationstarettion partners
modulate the activity of TCF4. Most recent results obtained in these studies will be presented.
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Abstract: The refinement of higthroughput sequencing technologies has led to an increase in

the application of Whole Genome Sequencing and Whole Exome Sequ@N&fsy to the

diagnosis of human diseases. Recently, through WES analysis, Loss of Function (LoF) and

missense variants in the GNB5 gene have been identified as causative in patients with a novel
syndrome called intellectual developmental disability wétdac arrhythmia (IDDCA),

characterized by cognitive disability, cardiac abnormalities, and other neurological phenotypes.

The GNB5 gene encodes Gb5, a structurally and
of GU/ Gb/ Go het e mamlisprimardyexpressed in pauraltneuroansigcrine,

and endocrine tissues. Gb5 binds with regul at
R7-RGSsubf ami |y to hasten the inherent GTPase act
turn over h G protein signaling. Uncovering the mechanism by which missense variants impair

Gb5 function can help elucidate the role of G
mi ssense variants could alter Gbdéedctwowagst ur e,

by decreasing Gb5 stability or by impacting t
partners. We conducted various experiments to
found in patients. First, we employed the Iterative ThrepdSSEmbly Refinement (iTASSER)

server to model the potential structural 1 mpa

We found perturbations in the predicted structures of these variants when compared tc the wild

type structure. Next, we perfoedinvitroe x per i ment s t o assess the st
data do not suggest that Gb5 is destabilized
out as a mechanism for Gb5 dysfunct i oeen Last|



RGS7/ Gb5 and their binding partner R7BP were
suggest that these variants have significant impacts on these interactionstudm@® will be
necessary to understand the mechanisms of LoF of these migagasts in IDDCA.

Disclosures:C. Kittock: None.J. Zhang: None.P. Adikaram: None.M. Pandey: None.W.F.
Simonds:None.

Poster

555. Mechanisms of Developmental Disorders
Location: SDCC Halls BH

Time: Tuesday, November 6, 2018, 1:00 PBt00 PM
Program #/Poster #:555.17C33

Topic: A.07. Developmental Disorders

Support: NIH Grant RO1HD092593
NIH DC-IDDRC 1U54HD090257

Title: Placental allopregnanolone loss alters fetal GABAergic signaling
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Abstract: A mgor consequence of preterm birth is the loss of the placenta and the support it
provides. The placenta supplies the developing fetus with critical hormones, including the
neurosteroid allopregnanolone (ALLO). ALLO is a progesterone metabolite, synthiesjzed3 U
hydroxysteroid dehydr ogen asAkldl8énhe)ADLOisian mous e
potent positive allosteric modulator of GAR£eceptors (GABA-Rs) which also regulates
GABAA-R subunit expression. In the immature cortex, GABA acts an excitsitmgl, due to

the expression of the ion transporters NKCC1 and KCC2, which create-ahhogite
environment inside the cell. This excitatory GABAergic signaling is critical for neuronal
development and maturation. Importantly, high levels of placentbOAcoincide with a
predominance of GABAergic (vs glutaminergic) synapses in the cortex. To directly test the
hypothesis that placental ALLO loss disrupts the development of the GABAergic system, we
utilize our Akr1c14*P1%0O mouse model (KO), in which @tental ALLO production is

reduced. These mice have cortical changes and behavioral deficits that mirror those seen in
human preterm survivors. Here, gene expression, protein quantification;sindhgbridization
were used to assess molecular chang#sa cortical GABAergic system during development in
the absence of placentgkrlicl4 KO mice had londasting, sexspecific alterations in GABA:

R subunit expression and developmentally disrupted NKCC1 and KCC2 expression. These
molecular changes coregé with electrophysiological changes: at P30, KO pyramidal cells had



IPSCs with faster decay rates, without changes in IPSC frequency, consistent with the changes in
GABAA-R subunits and ion transporters. Experiments are now focused on determining the
mechanistic links between ALLO loss, GABAergic alterations and the loss of upper layer

cortical neurons that we previously described. This is a novel and key link between placental
function and longerm neurological outcomes, emphasizing the importantteeajrowing field

of neuroplacentology.
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Title: E3 ubiquitin ligase mutations in-Knked intellectual disability
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Abstract: Intellectual disability (ID), which affects-2% of the general population, is a

devastating neurodevelopmental disorder with the most lifetime costs of all diagnoses in the U.S.
However, males are moseisceptible to ID than females and are often found to have severe
outcomes. Mutations in-Xhromosomal genes are thought to account for this-mased

phenomenon. KLHL15 was recently identified as a novel XLID gene. It encodesIk&ch

protein 15 (KLH.15), a substrate adaptor of a CHB(CUL3)based E3 ubiquitin ligase

complex that targets proteins, includingtheb®inr i ched BNjb regul atory s
phosphatase 2A (PP2A), for degradation by the ubiquitin/proteasome system (UPS). Several
KLHL15 mutations have been found in the poorly characterized BACK domain, which is a

Ahot spotodo for many del eterious variants of th
Mendelian diseases or human cancers. We identified botloidss n c t i oth, ACQP) 2



and gairof-function (R249H) alleles, and we hypothesize that small deletions and point
mutations in KLHL1506s BACK domain | ead to str
alignment between bound substrates and the ubieunsfer (E2/E1) amplex to either slow or
accelerate substrate ubiquitination and degradation, causing dysregulated protein turnover of
CUL3XH5 targeted substrate(s) and eventually pathogenesis of ID.
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Abstract: Human mutations in nuclear proteins thajulate mRNA export have been shown to

be causative for multiple rare pediatric intellectual disability and progressive microcephaly
syndromes. These proteins are conserved among higher organisms and are known to facilitate
nuclear to cytoplasmic mMRNA exgon addition to regulating the cellular processes of
transcription elongation and genome stability; however, the function of each protein in the
complex remains unknown. We aim to resolve the temporal and spatial expression of these
proteins and determirtaeir requirement during neurogenesis. In addition, we will investigate

the mechanism of disease for the known pathogenic human variants ugitng and invivo
approaches.In order to determine protein expression during neurogenesis, we have daveloped
mouse model harboring a proximal V5 tag. We will characterize expression of V5 in conjunction
with brain specific celtype markers to identify potentially vulnerable cell types to loss of this
complex during brain development. To test the requiremenhése proteins during

neurogenesis, we will characterize a knockout mouse model we recently developed. Based on the
patient phenotype of progressive microcephaly suggestive of postnatal neurodegeneration, we
will characterize brain morphology and assgssnges in proliferation,B®op formation (DNA



damage), and apoptosis during embryogenesis. To create a cellular model for the disease to study
the molecular mechanism of this syndrome, we have also generated primary mouse neuronal
progenitor cells (NPC)nes from multiple V5/ and V5/+ embryos at e12.5. Of note, the null
embryos are embryonic lethal prior to €12.5, thus NPC lines from knockout mice can not be
developed. First, we will validate our-intro system is representative of the in vivo phenetyp

by assessing for cell proliferation;|Bop formation, and apoptosis. Following validation, we

will assess levels of MRNA export by collecting whole cell lysate RNA, as well as nuclear and
cytoplasmic fractions of RNA for sequencing. If mMRNA export iediéve in mutant cells, we
predict we will see retention of cytoplasmic RNAs within the nucleus compared to controls.
Since this protein complex is also known to play a role in transcriptional elongation and RNA
splicing, we may observe changes in mRNAression levels and splicing as another possible
mechanism of disease. Overall, we aim to characterize the role of this complex in brain
development, as well as characterize the pathogenic mechanisms leading to pediatric brain
disease.
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Title: Placental allopreganolone loss alters postnatal cerebellar development atetriong
function
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Abstract: Preterm birth is a substantial risk factor for autism and related disorders. A major
consequence of premature birth is early loss of the key endocrine organ of pregnancy, the
placenta. Placental endocrine dysfunction or loss may place many thousands of fetuses at risk of



life-long neurodevelopmental impairments each year. We have bestigatiag the

contribution of a neuroactive steroid, Allopregnanolone (ALLO), primarily synthesized by the
placenta during late gestation, to neurodevelopmental impairments. ALLO exerts neurotrophic
and neuroprotective effects in neurons and glial celtautih allosteric activation of the GABA

A receptor suggesting that its loss could substantially alter the normal developmental
GABAergic milieu. To assess the impact of placental ALLO deficiency, we generated a
transgenic mouse line (AKR1c9%41%K0) in which the gene encoding the enzyme responsible
for ALLO production is specifically deleted by Ck®x recombination in the placenta. We
examined cerebellar development because its rdpidrBester growth makes it particularly
vulnerable in preterm birtdere we report three key cerebellar findings in our model. First,
there are significant, sespecific anatomical and molecular alterations in maturing cerebellar
white matter. Second, sociebgnitive cerebellar function is impaired but motor function is
largely intact. Third, genes dysregulated in the KO compared to littermate controls overlap
significantly with autisrdinked genes from the SFARI database, particularly in myrelisited
genes. White matter injury, a primary cause of deficits in preteim survivors, is also

commonly seen in autism, particularly in the human cerebellum and cerebellar circuits.
However, cerebellar white matter development is primarily a postnatal phenomenon, so placental
endocrine alteration leading to this change is tqaarly striking result. We are now

investigating the mechanism by which placental ALLO loss leads to cerebellar white matter
differences in an autistiike behavioral phenotype. The concept that compromised placental
function may program lifelong mentdisorders is a promising angle from which to approach
their etiology and to identify new therapeutic targets that could decrease risk even before birth.
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Abstract: 22g11.2 Deletion Syndrome (22911 DS) is a neurodevelopmentaleligbat

impacts 1 in 4,000 live births. Craniofacial anomalies associated with multiple neural crest
derived tissues, including structural defects of the palate and cranial bones, as well as defects in
sensory/motor coordination that impair speech andlewiag, are apparent in most individuals
carrying 22q11.2 deletions. We have found ®ahbpla 22g11.2 DS candidate gene, is a key
regulator of multiple aspects of craniofacial development. Mice with homozygous null mutations
of Ranbplhave a severetrengly penetrant cleft palate phenotype, with a complete failure of
palatal closure, and a concomitant failure to form key neurest derived palatal bone structures
including the palatal processes of the maxilla and premaxilla. Conditional neuradpresic

knockout ofRanbp1lyields a highlypenetrant but lessevere phenotyp&VntlCre:Ranbplnull
embryos have closed but highly dysmorphic palatal structure. Othederestd cranial bones

show dysmorphology; in particular the structure of the@ois altered such that its anterior

aspect is enlarged at the expense of the posterior aBa@tipImutation also disrupts the

formation of the trigeminal ganglion, mirroring (but significantly more severe than) anomalies

we have observed in thgDel mouse model of 22q11 DS. Heterozyg&anbplmutants

display more subtle and variable forms of each of these phenotypesREnbplappears to
compromise palate formation, as well as disrupt the development of other craniofacial structures,
possibly by d@srupting the function of key craniofacial signals that pattern the cranial neural

crest.
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(CIBM), EPFL, Lausanne, Switzerlantept. ofClin. Neuroscience, CHUV, Lausanne,
Switzerland/Dept. of Psychiatry, CHUV, Lausanne, Switzerlat&mory Univ. Sch. of
Medicine, Dept. of Pediatrics, Atlanta, GA

Abstract: Besides oxidative stress (OxS), evidence indicates the implication of immune
dysregulation in schizophrenia. As OxS is known to induce inflammation, we explored the
mechanisms involved in their interaction using both a-alediracterized cohort of early

psychosis (EP) SZ patients that carry GAG trinucleetépeat polymorphisms in gluhate

cysteine ligase (GCL, the key synthesizing enzyme of the major antioxidant GSH) and a
transgenic model of redox dysregulation, the Gclm knockdalntKO) mouse, which has a

70% reduction in brain GSH due to the lack of the GCL modulatory suburihG2xS (8

oxoDG), microglia activation (Ibal, CD11b and CD68), parvalbumin interneurons (PVI) and
perineuronal net (PNN), Receptor for Advanced Glycationfoeduct (RAGE) shedding,
matrix-metalloproteinase 9 (MMP9), and NFkB activation (using an Adessociated Virus)

were investigated in the anterior cingulate corteédimKO mice at both peripuberty (P40)

and adulthood (P90), after an additional stress (dopamine uptake inhibitor GBR2®1At

both P40 and P90, increased OxS and microglia dictivavere found irGelmKO, which

peaked at P40, revealing a period of vulnerability during youtGclmKO at P40, RAGE

shedding was increased in neurons and induced by MMP9, sensitive to @x8ivasnhibition

of MMP9 with a siRNA completely preveed RAGE shedding. Moreover, NFkB activation was
increased in neurons GiclmKO, as well as pranflammatory cytokines. Then, in order to test
the hypothesis that the foll owing pathway: o0X
sheddi ngYNFKb activationYcytokines inductiony
species pr odulddedassa t6 e lGg lasting PVI/PNN deficit observed in the 2
hits GclmKO model (+GBR, Cabungcal et al., 2013), the latter was treated with MMP9 inhibitor
during puberty (P230). MMP9 inhibitor treatment, after the additional OxS, reversed PVI/PNN
deficit, and reduced OxS as well as microglia activation in adulthood (P90). In EP patients with a
genetic vulnerability to OxS, an increase in soluble RAGE was associated with low prefrontal
GABA levels, potentially predicting a central inhibitory/exaatimbalance, in line with our
preclinical model in which Ox$hduced MMP9 activation and increased RAGE shedding lead to
PVI deficits. The circular pathway described above constitutes a positive feedforward process by
which inflammation and OxS amplifyaeh other, which is particularly damaging to PVI/PNN

and might explain the persistence of the observed cellular damage. Therefore, MMP9 inhibitor
holds promise for preventive treatment approaches.
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Abstract: Malformations of cortical development, including focal cortical dysplasia, have long
been hypothesized to result from somatic, {zggbtic mutation. Recently, pesygotic, or

mosaic, variants in genes encoding mFART -PI3K pathway proteins have beenntied as

a common cause of focal malformations through the study of brain tissue resected in the course
of epilepsy surgery. We sought to identify novel causes of focal epileptic lesions through the
study of brain tissue from patients with focal epilepstyh and without neuroimaging evidence

of focal cortical dysplasia. We identified 18 patients without explanatory imaging findings (non
lesional) and 38 patients with focal malformations on imaging, all of whom were undergoing
clinical evaluation and fotaesection. We performed higlepth sequencing (gene panel and
exome) on DNA from the resected brain tissue, as well as blood for comparison. We identified 5
distinct novel pathogenic variants in the same g8h€35A2 3 from among the 18 who were
nortlesional on imaging (2 of whom had neuropathological evidence of focal cortical dysplasia)
and 2 from among the 18 with focal malformations on imaging, both of whom had radiological
evidence of FCD. The variant allele frequency (VAF) ranged fres8%, withlower VAF for

the nonlesional cases and higher VAF for the lesional c&8e€35Azhas been traditionally
associated with epilepsy in the context of glycosylation defects. Our identification of post
zygotic variants in this gefein cases ranging from ndasional focal epilepsy to cases with
neuroimaging or neuropathological evidence of abnormal cortical developrnmgights the
important role of somatic mutation in focal epilepsy. Further, we have identified a new role for
glycosylation defects in epjesy and in the pathogenesis of focal epileptic lesions.
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Abstract: Medically intractable epilepsies are one of the most common neuroldgioadlers

that affect children. Focal Cortical Dysplasia (FCD) is a developmental malformation that is a
major cause of surgically treated, medicatiesistant pediatric epilepsy. FCD originates in the
cerebral cortex of the embryo as a result of defagtsoliferation, neuronal maturation, and/or
neuronal migration. These developmental errors lead to focal regions of disorganization in the
cerebral cortex of patients, characterized by disrupted lamination, misplaced neurons, dysplastic
neurons and focaeizures. The molecular and cellular causes of these developmental errors are
poorly understood. Recent studies suggest that somatic mutations in the genes regulating the
mammalian Target of Rapamycin (mTOR) signaling pathway may be responsible for the
condition. However, there is no clear understanding of the role played by the mTOR pathway in
the development of the human cerebral cortex. It is also unclear if particular cell types are
particularly vulnerable to these mutations during development andhgogisrupted cellular
identities contribute to the disease phenotype in patients with FCD. In order to gain a better
insight into this condition, we examined the cellular composition of donated brain tissue from
patients with focal cortical dysplasia. Qesults suggest that the dysplasia may be the result of
errors in the maturation of a specific group of progenitor cells. In order to understand how these
errors in a progenitor cell type translate into the disease condition, it is necessary to build a
detailed cellular profile of the disease focused on molecular and lineage relationships between
cells. We are generating such a profile using advanced genomic technologies on donated human
patient tissue samples to compare gene expression patterns betvezahtseusand individual
dysplastic and healthy neurons from multiple patients. In order to understand how FCD alters
vulnerable cell types during development, we have also developed and validated slice culture
models of human brain development. By pharatagically manipulating mTOR signaling in

this model, we can recapitulate key cellular characteristic of dysplastic cells in vitro. Together,
these approaches will help unravel the developmental causes of FCD. In addition, they will



provide novel insightsito the molecular and cellular events that shape the development of the
human cerebral cortex, thus opening the door towards a broader understanding of other
neurodevelopmental conditions.
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planar cell polarity in neurodevelopment
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Abstract: The humarzC3H14gene encodes a ubiquitously expressed-fimger polyadenosine
RNA-binding protein. Mutations iZC3H14that impair function of it encoded protédiave been
linked to an inherited form of nesyndromic intellectual disability (N#). We developed a
Drosophila melanogastanodel of ZC3H14 NSD by deletion ofdNab2 the fly ortholog of
ZC3H14 ThesedNab2deficient animals display defects in surviMalcomotion, and memory
which correlate at a cellular level with neurodevelopmental defects. Importantigepaonal
expression of human ZC3H14 rosophilaneurons can rescue the overt locomotor and
survival phenotypes afNab2deficient flies, suggsing that dNab2 and ZC3H14 serve
conserved roles in neurons. To probe this role, we used a domiodifter approach to identify
alleles of genes that interact widiNab2 This approach has uncovered genetic interactions
betweerdNab2and multiple compoents of the planar cell polarity (PCP) pathway, such as
Disheveled, Frizzled, and Van Gogkdditionally, we have characterized classic AR

defects in wing hair orientation and cochlea inner hair cell orientation in dNab2 null flies and
ZC3H14 knockoumice, respectively. Furthermore, loss of function alleles of PCP components
can rescue a portion of dNab2 null neanorphology defects observed in the mushroom bodies,
twin neuropil structures analogous to the mammalian hippocampus. What underlessctigeaf
this neurodevelopmental defect is of particular interest. Here we conduct a comparative
proteomic analysis of control and dNab2 null brains at a critical timepadbriosophila



neurodevelopment. 4302 proteins were represented with significargeshan 144: 56 are

increased and 88 are decreased in abundance by a factofafllo6 greater. Interestingly, a
number of these are candidate PCP effectors or factors witHilkOQbhenotypes by RNAI

screens including: Treh, Akap200, and CG31738. taldhlly, many actin and cytoskeletal

related proteins were identified including: Arcl, Lasp, Map205, and Polo. These data suggest
that multiple pathways relevant to neurodevelopment are regulated by dNab2 but that PCP may
be critical.
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the neurotrophisignaling pathway
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Abstract: Autism spectrum disorders (ASD) are associated with defects in neuronal connectivity
and are highly heritablésenome wide association studies in large ASD family cohorts identified
high risk variants associated with autism in genes that regulate histone modifications and
remodel chromatin. These findings highlight the relevance of chromatin regulatory mechanisms
in the pathology of ASD. Changes in Histone H3 methylation have been identified in a subset of
neuronal genes in postmortem cerebral cortex of autism patients. ASH1L is a Histone H3
Methyltransferase that was previously identified in whole exome sequestuaitigs, as a gene
strongly enriched for variants likely to increase ASD risk. ASH1L dimethylates Histone H3 on
Lysine 36 (H3K36me2), this histone mark has been implicated in transcriptional activation.
Therefore, ASH1L could modulate expression of gehatdre essential for neuronal

development. However, how mutations in ASH1L lead to deficits in neuronal connectivity
associated with autism pathogenesis is largely unknown. We are using genome editing and
shRNA knockdown approaches in stem cell derivaddmuneurons to interrogate the function of



ASHLL. In particular we are defining how changes in chromatin structure and function elicited

by loss of ASH1L could disrupt the structural development of early neuronal connectivity. Our
preliminary data suggestisat knockdown of ASH1L in human neurons impacts neurite

outgrowth and that it might do so by modulating the expression of neurotrophic receptors. This is
the first time that neurotrophic receptors gene expression have been shown to be regulated by the
chromatin regulatory factor ASH1L, suggesting the relevance of ASH1L to human neuronal
development.
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Abstract: Psychopathy is a disorder characterized by a loosely correlated set of interpersonal,
affective, and behavioral features, including pronounced emotional deficits such as diminished
serse of guilt and empathy. Psychopathy involves also an increased risk for antisocial behavior
and poor impulse control. Although psychopaths represent less than 1% of the general population
and 1525% of prison populations, they perpetrate eve@® of al violent crimes. Thus,
psychopathy is one of the strongest predictors of aggression and severe violence. This study aims
to identify the neurobiological characteristics associated with psychopathic violence as markers,
and targets for intervention and peation of violent behavior by generating induced pluripotent
stem cell (iPSC) lines from psychopathic violent substance abusers and healthy controls and
substance abusers without psychiatric manifestations. The iPSC lines were differentiated to
TUJ1+ andvGLUT1+ glutamatergic neurons via dual SMAD inhibition. The neuronal RNA



was sequenced with Illumina Hiseq sequencing system to compare the global gene expression
profiles of the psychopaths and the two control groups. A total of 168 genes weredop/nt

regulated (JFC| >3, p <0.05) in psychopathic violent substance abusers when compared to control
groups. One particular gene showed strong and statistically significant upregulation among
psychopathic prisoners (upregulated FC=4.4 p=0.044). Even thosgietie has not been

previously reported to be related to psychiatric disorders, its expression correlates positively with
PCL-R scores of psychopathic violent substance abusers (R? = 0.951). Future proteomic studies
will uncover interacting proteins foreéhgene and elucidate its contribution to psychopathic

violence.
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Abstract: Advances in human genetics have identified a variety of candidate genes implicated in
a number of developmental disorders such as intellectual disability (ID) anddutgnia

(SCZ). However, it is not known if mutations associated with candidate genes can be used to
define alterations within developmental signaling networks. Here, we use the Traf2 and Nck
Interacting Kinase (TNIK) as a model to explore changes in lngnpathways as a truncating
mutation in the kinase domain (p.Arg180*) of TNIK has recently been shown to be causal for
ID. TNIK plays essential roles in regulating synaptic function and interacts with multiple key
postsynaptic density (PSD) proteins itwed in complex brain disorders, including SHANK3

and SYNGAPL. We determined protein interaction networks of TNIK and potential substrates of
the kinase domain in early neural development and adult PSD via mass spectrometry, which
highlighted the involvema of TNIK in centrosomal dynamics and synaptic function. This



network was further expanded by immunoisolation of the centrosomal-irt#kacting proteins
AKAP9 and PDE4DIP. To investigate the function of TNIK within early stages of neural
development, wgenerated multiple models using induced pluripotent stem cells (iPSCs). These
include a TNIK kinase dead cell line and an iPSC line derived from a patient harboring the
p.Arg180* mutation which was further corrected using CRISPR/Cas9 genome engineering.
Functional analyses shows how TNIK regulates specific components within human neural
progenitor cell (hNNPC) developmental signaling networks such asattain and how they are
dysregulated in mutant TNIK hNPCs. Furthermore, using mutant TNIK-éR$i@ed

glutamatergic neurons, we show the role of TNIK function in the regulation of synaptic activity
through development and compare developmental and adult synaptic signaling networks in ID
and SCZ.
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Title: Human neural progenitor cells harbor DSB clusters in giemie=d to Autism

Authors: *M. WANG !, P-C. WEP, S. MARSHALLY, I. S. GALLINA?Y, C. K. LIMY, F. W.
ALT? F. H. GAGE
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Abstract: Human neurons contain high level of somatic genomic variations that might derive
from DNA doublestrand break (DSB) intermediates. To study replicaticessinduced DSB
hotspots, we applied high throughput genemige translocation sequencing, identifying 36
replicationassociated genomic fragile regions overlapping genes in neural progenitor cells
(NPCs) derived from human pluripotent stem cells. Oaltyas also reveals cell typkependent
gene fragility associated with transcription. Here we show that NPCs derived from autism



patients exhibit increased DNA damage and elevated DSBs in long genes associated with autism.
Our results demonstrate that rieption-associated genome instability may cause neurological
dysfunction by disrupting long neural genes linked to neurodevelopmental diseases.
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Title: Excitatory/Inhibitory imbalance in hiPSC derived cortical neurons from patients with
autism associated with MEF2C haploinsufficiency

Authors: *S. GHATAK 1, D. TRUDLER, J. PARKER, N. DOLATABADI?, S.
MCKERCHER,, R. AMBASUDHAN?, M. TALANTOVA?!, S. A. LIPTON
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Abstract: We and others have previously shown that transcription factor MEF2C is critical for
neuronal differentiation, synapse formation and neuronal survivahad MEF2C
haploinsufficiency results in a syndrome with clinical features resembling autism spectrum
disorder (ASD), intellectual disability, and epilepsy. However, molecular mechanisms
underlying MEF2C haploinsufficiency syndrome (MHS) in patients remadanly understood.

Here we report that human induced pluripotent stem cell (h#@8@)ed cerebrocortical

neurons from MHS cultured on mouse astrocytes fomieeks exhibit excitatory to inhibitory

(E/) synaptic imbalance. By patatlamp recording anfluo-4AM calcium imaging, we show
greater spontaneous bursts of action potentials and increased frequency of calcium transients in
MHS patient neurons when compared to controls including isogeniection. MHS patient
neurons exhibit greater glutamateremt density in response to 100 uM glutamate and smaller
GABA current density in response to 100 uM GABA than control neurons. Sodium and
potassium current density, cell size and resting membrane potential remain unchanged. MHS



patient neurons also displancreased frequency and amplitude of miniature excitatory
postsynaptic currents (MEPSCs), but decreased frequency of miniature inhibitory postsynaptic
currents (MIPSCs). These results provide mechanistic insight into the abnormal neuronal
electrical actrity that leads to the observed functional deficits in patients with MHS. These
aberrant electrical properties of MHS hiR8€rived neurons will be useful for screening of
putative novel therapeutic compounds in a patspacific genetic context.
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Title: The Unc93b1 mutation 3d attenuates neuropathic painthrough increasing M2 polarization
of spinalmicroglia
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Abstract: Evolving evidence suggest that Tedike receptorTLRS) are associated with the
maintenance of neuropathic pain. However, little is known about the precise mechanisms

underlying the TLRs. UNC93B1 associated with TLR3, TLR7 and TLR9, mediating their
translocation from the endoplasmic reticulum to the gsdsome, hence allowing proper
activation of glia cells. We found that the t
UNC93B1, significantly attenuated the maintenance of tactile allodynia, activated microglial
cellnumber. It was also noted that,eitlyene mutation of UNC93B1 or by neutralizing antibody,

can significantly suppress the harmful cytokines (°N-L b, TONF expr essi on and
beneficial cytokine (IE10) expression. When applying the human recombinant HMGB1 into the

MG6 microglid cellline, NFe B and STAT1 activation was detec
by pretreating UNC93B1 neutralizing antibody. These observations suggest the crucial roles of
TLR3, TLR7 and TLR9 in the development of neuropathic pain.
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Title: Increased number of detected hypocretin (orexin) neurons in human heroin addicts
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Abstract: We found that human heroin addicts have, on avem§é% increase in the number

of detectable hypocretin neurons (N=5) relative to human controls (N=7, p=0.0009, t=8.89,
df=10). Hypocretin cell size is reduced by 22% in the addicts (p= 0.01, t=2.78 df=10). In mice
(C57BL/6) doses of 10 mg/kg or higher fo4 days produced a significantly elevated number of
detected hypocretin neurons compared to saline. The increase in hypocretin cell number at 50
mg/kg was 38%. Doses above 50 mg/kg produced no further increase-(f6hg09, t=4.77

df=4; 25mg- p=0.00,t=3.81, df=4; 50mg p=0.002, t=7.07, df=4; 75mg p=0.01, t=5.14,

df=4; 100mg p=0.01, t=4.52 df=4). With daily dosing for a 60 day period changes in cell
number were smaller than that after 14 days of administration. mMRNA amounts of
preprohypocremn, Narp and preprodynorphin were significantly elevated with morphine injection
(Preprohypocretin p=0.03, t=2.99 df=5; Narp p=0.02, t=3.36, df=5; Prodynorphin p=0.01, t=3.65
df=5). The number of melanin concentrating hormone cells, a cell type intermitked

hypocretin cells in the hypothalamus, was not changed by morphine administration. BrdU
labelling to identify new neurons showed no increase in the number of BrdU labelled cells in the
hypothalamic hypocretin cell field after 14 days of morphine treatim mice. Human

narcoleptics with cataplexy given morphine over a long period were found to have a higher
number of hypocretin cells than the available narcoleptic control case. Morphine administration



restored the population of detected hypocretirsdelthe normal level in partially hypocretin
depleted mice (orexitiTA;TetO DTA mice), and eliminated or greatly decreased cataplexy in
narcoleptic mice, suggesting that opiate agonists may have a role in the treatment of narcolepsy.
Induction of specifidong-term changes in peptide production may be useful in treating diseases
characterized by neuronal loss. Our findings also indicate that some portion of the loss of
specific cell types that have been reported in neurological diseases may be duest reduc
production of the identifying label used for counting the neurons, rather than to neuronal death.
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Title: Protease systems in dense core secretory vesicles for neuropeptide biosynthesis and
degradation analyzed vgdobal proteomics, peptidomics, and multiplex substrate profitiags
spectrometry (MSRMS)
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Abstract: Dense core secretory vesicles (DCSVs) of neurons, glia, and neuroendocrine cells
secrete peptide signal molecules to regulate physiological systems and facilite&l cell
communication. These peptides perform crucial functions in biological processemtyafrom
neurotransmission to hunger, analgesia, circadian rhythm, and cognition. Neuropeptide
precursors, or proneuropeptides, are packaged in DCSVs along with a diverse array of proteases
responsible for processing them into bioactive neuropepfites begins inside the DCSVs at

pH ~5.5 and is followed by secretion into the extracellular environment of neutral pH 7.4. The
acidic pH within DCSVs is thought to be an important factor for protease function. To gain
understanding of the DCSV proteolysgstems, we utilized higtesolution liquid

chromatography (LCGinass spectrometry (MS) proteomics, peptidomics, and multiplex substrate



profiling (MSP)}MS of purified DCSVs from adrenal chromaffin cells (bovine) to determine 1)

the identities of DCSV progses and their endogenous inhibitors, 2) the primary cleavage
properties of DCSV proteases at intravesicular and extracellular pH, and 3) which classes of
DCSV proteases are responsible for the biosynthesis and degradation of neuropeptides such as
Neuropepde Y, Galanin, and MeEnkephalin. Proteomics data identified approximately 65
proteases comprised of the cysteine, aspartyl, serine, and metallo protecssse® The
identification of this diverse group demonstrates the extensive spectrum of DGi8&ses. To
characterize the specificity of proteolysis within the DCSVs at their internal pH of 5.5M&P

was used to measure the relative abundances of cleavages of a comprehensive synthetic peptide
library. Further, peptidomic analyses of endogermpmtides generated by DCSV proteases is
being conducted to illustrate the proteasedabses involved in neuropeptide production and
degradation. Results will advance understanding of the vital DCSV proteolytic controls of
neuropeptide precursor procegsio generate active neuropeptides for intercellular
communication.
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Title: Desynchronized lower alpha rhythms were associated with functional ischemia in the
prefrontal cortex in heroin patients after protracted abstinence: A concurreANERES study

Authors: *H. IEONG 12 Z. YUAN?
Univ. of Macau/lcms, Taipa, MacatFac. of Hith. Sci., Univ. of Macau, Taipa, Macao

Abstract: Opiate addiction involves cycles of lapse and relapse. Despite diverse treatment
options nowadays, the relapse rate is still extremely high, and there is revkeono predict

relapse. Prefrontal cortex (PFC) has been a target for drug addiction, in large part, because of its
well-known executive functioning and its strong connection with limbic reward regions.

However, the mechanism underlying the systéeas| neuroadaptations during abstinence has



not been fully characterized across drug classes. It has been suggested thata¢sting

functional connectivity (rsFC) can serve as a systlewes biomarker to predict various
neuropsychiatric trajectories. Isgbssible to establish an intermediate level that explores a large
population of cells and vessels within PFC network to better understand the adaptation in opiate
addiction after prolonged cessation from the drug? The objectives of our study werenongeter
which neural oscillatory activity contributed to the chronic effect of opiate exposure on
abstinence and whether the electrical activity could be coupled with neurovascular information in
the PFC. The oscillatory activity was recorded through eleuteghalography (EEG); whereas

the hemodynamic activity was recorded through function-méared spectroscopy (fNIRS).
Restingstate desynchronization in lower alpha rhythm, decreased functional connectivity and
degree strength in PFC network among hedspendent patients. Through modern machine
learning computation, asymmetric interhemispheric excitability evidenced by hemodynamic
patterns in PFC was observed, suggesting as a potential biomarker for heroin protracted
abstinence. Our findings have pdially important implications for future brain stadependent
electrotherapy applying wearable optical neuroimaging in clinical psychiatry to predict relapse.
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Abstract: Background: The most actions of exogenous opioids, such as morphine, are mediated
throughpo pi oi d receptors. By -teoeptor anagohnizes aribes pa ct i v a
receptor mediated actions in the brain, including analgesia, tokerseward and memory

processes. Therefore, the aim of present study was to provide more information about the

possible action of acute and chroniecazc@ mi n i s t -aganisi, r@lbuplonke onapioid

dependence also it is not properly known whether tleetedf acute and chronic doses of

nalbuphine are similar in attenuating the opioid dependence.

Method: Male adult Wistar albino rats (n=160) were made physically dependent by



administrating increasing dose of morphine and withdrawals were precipitakedalakone.
Nalbuphine was cadministered acutely and chronically in variable doses (0.1, 0.3, 1.0, 3.0
mg/kg, i.p.) with morphine. Somatic signs of withdrawals were scored by using Gellert
Holtzman (GH) rating scale. Thereatfter, brain was carefully cisdeout for tyrosine
hydroxyl ase, O and o expressions.

Results: Withdrawals from chronic morphine administration produces profound increase-in GH
score whereas, TH levels were significantly decreased. Chromidramistration of nalbuphine
significantlysuppressed the GH Score andpioid receptor levels whereas, increase the TH and
9 -opioid receptors levels. No change was observed with actgdromistration.

Conclusion: These findings suggest that withdrawaduced reduction in TH levels could be
responsible for somatic and as well as subjective symptoms of opiate withdrawal and anti
mor phi ne a-etceptorsystenis mayhead tenew drug design and therapeutic
strategies for opioid addiction (Supported by ICMR, Govt. of India and nalbupifiee logy

RUSAN Pharma Ltd.).

Abbreviations: O = mu; o = Kappa; TH = Tyrosi
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Abstract: The preopiomelanocortinfomqg gene encodes POMC, which is differentially

processed to produce adrenocorticotrophin,-batborphin, and three melanocygenulating

hormones, among other peptides. POMC neurons are principally located in the arcuate nucleus
(Arc) of the hypothalamus, where they are essential in the control of food intake, energy
expenditure and body weight. Several different homozygousmuiditions in thOMCgene

have been shown to cause earmset obesity and adrenal cortical insufficiency in a small

number of human$&omcexpression in Arc neurons is regulated by two distal enhancers.

Mutations in these enhancers selectively reducariaunt oPomcmRNA and POMC peptides

in Arc neurons, but not pituitary cells. Furthermore, estrogen receptor alpha can bind to one of
these enhanceis vitro, and about 25% of Arc POMC neurons express this receptor. Mice with
combined deletionsof botan hancer s ( FN@lp2) haveomcmRBNA t han
compared to wildtype mice. Li ke other mouse m
it is unclear whether their reproductive disruption is due primarily to P@gfZiency in the

brain or is secondary to obesity. We are comparing aspects of reproductive function in wildtype
and FN@plmp2 female mice, including day of wvagi
and fertility. In addition, we are using a related, conditionabnmut mouse model ( FNo
which Pomcgene expression can be restored by the action of a tamanxifecible CreERT2

transgene after the mice have developed obesity. Because humans with mutatioROMhe

gene also experience disruptions in timing digntly, or a cessation of pubertal development,
understanding more about how hypothalamic PQdé€ciency impacts reproduction in mice

may help to develop therapies for humans impacted by similar mutations.
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Abstract: Proteases are required to generate active peptide neurotransmitters, known as
neuropeptes, from preneuropeptides. Model animal systems have recently illustrated roles for



the cathepsin V (CTSV) and cathepsin L (CTSL) cysteine proteases, combined with the serine
proteases PC1/3 (PCSK1) and PC2 (PCSKZ2), and exopeptidases in the prodiuction o
neuropeptides. There is notable interest in the hespanific cathepsin V gene that is not

present in rodent and other animal models used in prior studies of neuropeptide production. A
gap in the field is of the human brain gene expression patterinesef heuropeptideroducing
protease systems. Therefore, the goal of this study was to characterize the expression profiles of
these preneuropeptide processing proteases in human brain. Quantitative gene expression
microarray data for 169 human brain @t was obtained from the Allen Institute Human Brain
Atlas resource, analyzed asdaf gene expression intensity normalized to the mean of human
genes (21,245 genes) expressed in human brain. These proteases Velddsgf 212,

indicating expressiolevels above the average of all genes in the human brain, with varying
expression levels among the 169 brain regions. CTSV and CTSL displayed moderate to high
expression values of 286 and 7.410.6, respectively. Interestingly, CTSV and CTSL showed
high expression in white matter composed of myelinated axons, consistent with the knowledge
that neuropeptide production occurs within axons that transport neuropeptide secretory vesicles
to nerve terminals. PCSK1 had a broad range of moderate to veryxpigisgon with logof 2-

12. PCSK2 had somewhat lower expression levels than PCSK1. The exopeptidase genes
RNPEP, CTSH, and CPE each showed fairly even levels of expression throughout the brain,
with CPE displaying high expression. The prevalence of thesmessing proteases throughout
human brain regions, including areas rich in neuropeptides such as hypothalamus, is consistent
with their roles for neuropeptide production. Further, proenkephalin and NPY precursors,
substrates of CTSV and CTSL shown iroprinodel animal studies, were-egpressed with

CTSV and CTSL. These data demonstrate that the human brain expresses the neuropeptide
producing cysteine and serine proteases, with exopeptidases, throughout a multitude of brain
regions.
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Abstract Functi on of the brainds synapustmentohet wor ks
synaptic weights by spike activity and neuromodulatory chemical signaling. Among the
numerous chemical signals known to modulate synaptic transmission, neuropeptides have long
attracted attention due to discoveries of their potent effectsticatbrain processes such as

pain perception, mood and motivational state. Neuropeptides are produced as cleavage products
of precursor proteins and stored in denseed secretory vesicles, which are released by

regulated exocytotic secretion. In mouggproximately 90 genes have been identified as

encoding neuropeptide precursor proteins. In addition, similar numbers of protein species,
predominantly GProteinCoupled Receptors (GPCRs), have been identified as neuropeptide
receptors. The functional aiitdcture of neuropeptide signaling systems has nonetheless
remained enigmatic. The high ligand affinities of most neuropeptide receptors suggest the
possibilities of humoral and volume transmission signaling, while the presence of neuropeptide
secretory vsicles in many presynaptic boutons suggests more focal synaptic actions.

This poster presents new insights into neocortical neuropeptide signaling from deepeingle
RNA-seq transcriptomic analysis and clustering of approximately 20,000 neurons iandSp

ALM regions of mouse cortex (Tasic B, et digRxiv doi.org/10.1101/229542). This clustering
identified 53 inhibitory neuron types and 58 excitatory neurons types in these two regions.
Eighteen neuropeptide precursor genes with high and strongiypeldependent expression
patterns (Npy, Vip, Sst, Cck, Tac2, Penk, Crh, Tacl, Pdyn, Cort, Igfl, Nxphl, Pthih, Pnoc,
CbiIn2, Cbin4, Adcyapl, Nucb2) were identified based on the {SHé data. Strongly cetype
specific expression of 20 GPCRs genes cogioatieese 18 peptide precursors (Npylr, Npy2r,
Npy5r, Oprm1, Oprdl1, OprK1, Oprll, Ogfr, Sstrl, Sstr2, Sstr3, Sstr4, Viprl, Vipr2, Cckb2,
Tacrl, Tacr3, Hcertl, Hert2) were similarly identified. The neuropeptide precursor mRNAs were
found predominantly in thehibitory neuron clusters, while the cognate receptor mRNAs genes
were more commonly found in excitatory neuron clusters, suggesting a prevailing polarity of
neuropeptidergic signaling from inhibitory to excitatory neurons. We are using array tomography
to test for the presence of specific neuropeptide secretory vesicles in specific cell types as
predicted by the transcriptomic analysis.

We thank Allen Institute for Brain Science founders, Paul G. Allen and Jody Allen, for their
vision, encouragement asdpport.
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1Grad. Col. of Biomed. Sci?Col. of Osteo. Med. of the Pacific, Western Univ. of Hith. Sci.,
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Abstract: Orphanin FQ (akaociception; OFQ/N) binds to its cognate opioéteptorlike 1

(ORL1) in many different areas within the hypothalamus, including those that partake in the
regulation of energy balance. It has been shown that ORL1 receptors are expressed in
proopiomelanocdin (POMC) neurons within the arcuate nucleus (ARC), as well as in excitatory
terminals impinging upon them, and that OFQ/N inhibits POMC neurons boetanurgost
synaptically[Conde, 2016]. Pisynaptically, OFQ/N inhibits glutamatergic input onto POMC
neurons, while postynaptically, OFQ/N activates-@otein coupled inwardlyectifying K*

channels (GIRK) channels. Steroidogenic factor (S&xdressing neurons in the dorsomedial
ventromedial nucleus (VMN) of the hypothalamus, which are known to benggdilergic, have

been shown to synapse directly with ARC POMC neurons. Gonadal hormones regulate the
hypothalamic energy balance circuitry in part by modulatingd@upled receptors and their

linkage to GIRK channels. Thus, we tested hypothesis thatlDFQibits neurotransmission via
pleiotropic actions at VMN SE/ ARC POMC synapses. Electrophysiological recordings were
done in slices from both intact male and female NR&4& mice and eGFPOMC mice. In
optogenetic recordings from POMC neurons in NRSAr e mi ce, OFQ/ N (1&g M) s
decreased the liglgvoked excitatory postsynaptic current (leEPSC) more so males than in
diestrus or proestrus females, and this inhibition was further accentuated in males feda high
diet (HFD) for approximately-8 weeks. In recordings from POMC neurons in e &RMC

mice, OFQ/N induced a robust outward current and increase in conductance in voltage clamp,
and a hyperpolarization and decrease in firing in current clamp. This effect was again greater in
males tharn diestrus, proestrus and estrus females. Thesapdepostsynaptic actions were
abolished upon application of the ORLreceptor antagonist BANOREL4 ( 1 0e M) . These
findings show that the OFQ/Mduced decrease in glutamate release and activatiorRiK Gl
channels at VMN S/ ARC POMC synapses is greater in males than in females, and that diet
induced obesity caused by long term HFD exposure further potentiated okaided



inhibition of excitatory transmission at SFPOMC synapses. Overall, theselfitgs
demonstrate that OFQ/N regulates neurotransmission-at BBMC synapses in a seand
dietdependent manner.
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Cooper Med. Sch. of Rowan Univ., Camden, NJ

Abstract: Current understanding of the rewarding and addictive effects of opioids involves mu
opioid recepto(MOR) binding within the nucleus accumbens (NAcc), a region of the basal
forebrain. GABA neurons in the NAcc are thought to function to potentiate the rewarding
response to opioids, and in fact, drugs that generally stimulate GABAergic activity are also
addictive, a phenomenon mediated in part by endogenous opioid systems. It is still unclear how
some individuals become susceptible to opioid addiction and thus, further understanding of the
interaction between the MOR and other neurotransmitter systethms iaward pathway is

needed. We report here evidence supporting the direct interaction between GABA and MOR
within the mouse NAcc. Male and female FVB/NJ mice-{62months of age) were euthanized

via carbon dioxide inhalation and brains processed ftolbgy and immunohistochemistry

(IHC). Coronal sections (202 um in thickness) were taken through the NAcc at the level of the
anterior commissure. A mouse monoclonal antibody against GAD67, an enzyme catalyzing
GABA production, was used in conjunctiontiven antimouse rhodamine red-labeled

secondary antibody to identify GABA neurons. Alternating sections were stained for MOR using
a rabbit polyclonal MOR1 antibody linked to the fluorophore FITC. The location of expression
of GAD67 and MOR1 was ideni#d using a DAPI nuclear stain. As expected, fluorescence
microscopy results show that GAD67 staining is localized predominately in the cytoplasm.
Unexpectedly, the MOREITC stain tended to localize in the cytoplasm and cell membrane, but
more prominentlwithin the nucleus and nuclear membrane. In separate experiments, we used
doubleimmunostaining to study the -@xpression of MOR1 and GAD67 within the same NAcc
neurons. A similar localization pattern for these proteins was detected. There are felaegublis
reports of GAD67 and MOR1 eexpression within neurons of the NAcc. Previous studies of



MOR expression show the receptor to be localized to the plasma membrane and, to a smaller
degree, intracellularly. Here we found the MOR1 staining to be predonyimatite nucleus and
nuclear membrane. Further studies are required to validate the nuclear expression of MOR in
GABAergic NAcc neurons. We conclude that individual mouse NAcc neurons may express both
MOR1 and GADG67, potentially providing a functionaldihetween opioid and GABAergic

systems in the reward pathway.

Disclosures:C. Hinkle: None.T.N. Ferraro: A. Employment/Salary (full or pattme):;
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Abstract: Tolerance limits the analgesic clinical value of-opioid receptor (MOR) agonists.
Neuropeptide FF (NPFF) mediategpbralgesia and opioithduced tolerance through the
activation of NPFFL and-2 receptors. We hypothesized that ligands with dual MOR

agonist/NPFF receptor antagonist activity would produce antinociception with reduced tolerance.

Accordingly, a series digands were designed with putative dual opioid and NPFF
pharmacophoric elements. Nineteen of these novel ligands were synthesized and screened with
competition radioligand binding assagsvitro, demonstrating a range of affinity for mu

kappa, and defla-opioid receptors (nM) as wellas NREFand-2 r ecept or s (ne M) .
vivo screening of all compounds (30 nmol, i.c.v.) in mice withC5&nd 48C warmwater tait
withdrawal assays identified three compounds with better analgesia aig@aralgesia
performance, VB192, VBJ3215 and KGM01082. Following up with a more detailed

assessment, all three compounds eiteggendently produced equipotentiaociception lasting



at least 50 min, with ED50 (and 95%CI) values of 6.9@15), 16(3.538.8) and 22.2(11-36.6)
nmol, i.c.v., respectively that was antagonized by pretreatment witbmkappaopioid

receptors antagonists. All three compounds atsedependently attenuated NPkeluced
hyperalgesia. Unlike morphine, when tested in the acute antinociceptive tolerance test, repeated
dosing of VBJ215 showed no tolerance, while V92 and KGM01082 showed moderate
tolerance commensurate with their magde of NPFF antagonism. In further examination of the
three compounds, mice administrated with VIB? or VBJ215 showed neither respiratory
depression nor elevated ambulation in the Comprehensive Lab Animal Monitoring System
(CLAMS), and both VB:215 and a low dose of VB192 did not impair coordinated locomotor
activity on the rotorod (30 and 100 nmol, i.c.v.). Together, these results confirm the mediating
effect of NPFF on opioid tolerance, and suggest the potential chdtiah opioidNPFF ligands

as analgesics with fewer liabilities of use.

Disclosures:J.P. McLaughlin: None.K.L. McPherson: None.M. Mottinelli: None.W.
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Title: Different roles of PBL1 and PDL2 in regulating nociceptive synaptic transmission in
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Authors: *C.-Y. JIANG, M. MATSUDA, Z. WANG, R:R. JI
Dept. of Anesthesiol., Duke Med., Durham, NC

Abstract: Progammed cell death ligartl (PD-L1) is typically produced by cancer cells and has
been shown to suppress immunity through Pi2ceptor expressed on T cells. Emerging

immune therapies such as aRD1 and antPD-L1 monoclonal antibodies have shown success

in treating cancers such as melanoma, as well as lymphoma, lung cancer, ovarian cancer, and
head and neck cancers. We recently demonstrated that$&lso expressed by primary

sensory neurons in dorsal root ganglion (DRG)-lRDnhibits acute and chronpain by
suppressing nociceptive neuron activity via-PQChen et al., Nat Neurosci, 2017).BDis

another ligand of PEL, but its role in nociception is unclear. We compareelRand PDBL2



expression using RNAscope. We found broad expression -aflHD many DRG neurons but

very limited expression of PD2 in mouse DRGs. We also tested the effects oLR@Nnd PD

L2 in spinal cord synaptic transmission using patch clamp recordings in isolated spinal cord

slices. While PBEL1 significantly reduced sEPS@ lamina llo neurons, PID2 had very mild

effects on SEPSCs. Currently, we also comparing the antinoceptive effectd dafdid PDL2.

Our findings suggest that PL has normal physiological function and may serve as an

endogenous neuromodulator or regtansmitter as well as an endogenous pain inhibitor.Thus,

PDL1 is not only an i mmune checkpoint inhibitoc
i nhibitoro.
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Authors: K. M. HONEYWELL , T. FREELS, A. CHAFFIN, M. MCWAIN, H. NOLEN, H. J.
SABLE, *D. B. LESTER
Psychology Dept., Univ. of Memphis, Memphis, TN

Abstract: A major problem with current anxiolytic medications is abuse liability; thus, new
pharmaceutical targets are being explored. The cannabinoid (CB) system is one potential target.
Previous behavioral studies have shown that indirect agonists of thes@Bayay be more
beneficial as anxiolytics than direct CB receptor agonists. Determining the effect of such CB
agonists on dopamine release in the nucleus accumbens (NAc), a brain area well known for
regulating the rewarding effects of drugs, is criticah$ssess potential abuse liabilities. The

current study compared the effects of chronic administration (one injection per day for 7 days) of
the indirect CB agonist arachidonoyl serotonin (AT 2.5 mg/kg, i.p.), the direct CB receptor
agonist arachidoniy2-chloroethylamide (ACEA 1 mg/kg, i.p.), and vehicle (control solution with
saline and 10% DMSO) on locomotor activity using open field tests and stimuaidied NAC
dopamine release using in vivo fixed potential amperometry in anesthetized miéetHAA

indirectly agonizes the CB system via inhibition of fatty acid amide hydrolase (FAAH) while

also inhibiting transient vanilloid type 1 channels (TRRYroviding this drug with 2 anxiolytic
mechanisms. Open field tests revealed that ttiej@ctionof ACEA but not AA5-HT

decreased locomotor activity relative to-oireig baseline (ACEA = 14.41% + 6.51, AAHT =

54.92% + 11.85, and vehicle = 55.74% + 13.2). Amperometric recordings revealed that mice



chronically treated with ACEA but not AB-HT had ggnificantly decreased stimulatiegvoked
dopamine release (ACEA = 0.18 uM £ 0.03, AAT = 0.23 uM % 0.03, and vehicle = 0.29 uM

+ 0.03). Furthermore, mice chronically treated with ACEA but not5A AT had an increased
dopaminergic response to cocain® (ig/kg, i.p.) (ACEA = 289% + 27, AA-HT = 197% + 22,

and vehicle = 223% + 17). Overall, in regards to potential anxiolytic use, these findings suggest
that indirect mechanisms of agonizing the CB system may be a better alternative than direct
mechanism# concerned with disrupting dopamine function and inducing abuse liability.

Disclosures:K.M. Honeywell: None.T. Freels: None.A. Chaffin: None.M. McWain:
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Abstract: Over the last decade many new controlled psychostimulant substance analogues have
appeared on the recreational drug market and many of these substances are derivatives of
amphetamine or cathinone. Ahet class of designer drugs are derived from taeihoindan
structural template. Several members of this class, including the parent compamimtbihdan
(2-Al), have been available in Europe as designer drugs. Here we teSteoha its ring

substitued derivatives Bnethoxy2-aminoindan (8VieO-Al), 5-methoxy5-methyt2-

aminoindan (MMAI), and 5&nethylenedioxy2-aminoindan (MDAI) for their abilities to

interact with plasma membrane monoamine transporters for dopamine (DAT), norepinephrine
(NET) and seotonin (SERT). We also compared the binding affinities of taenthoindans at

29 receptor and transporter binding sites. We found tidiv2as a selective substrate for NET
(ECso = 86 nM) and DAT (E& = 439 nM). Ring substitution increased potencyEERE while
reducing potency at DAT and NET. MDAI was moderately selective for SERdo (EC14 nM)

and NET (EGo= 117 nM), with 16fold weaker effects on DAT (E&= 1,334 nM). 5SMeO-Al
exhibited some selectivity for SERT (B 134 nM), having Gold lower potency at NET



(ECs0= 861 nM) and 2@old lower potency at DAT (E& = 2,646 nM). Conversely, MMAI was

highly selective for SERT (E&= 31 nM), with 106fold lower potency at NET (Ef&= 3,101

nM) and DAT (EGo > 10,000 nM). In addition to their effescon monoamine release, the 2
aminoindans had r e l-adtenoceptbr gubtiippesgdhhadepérticulanly htgly f o r
af fi nbcregeptbrar= U1 nM) and sl i ghtalKy=1B4oM)eand af f i ni
Ue(Ki= 211 n M) Ademoteptar affinity wab reduced by ring substitution but 5

MeO-Al, MMAI, and MDAI still bound with submicromolar or micromolar affinity-MeO-Al

and MMAI also had moderate affinity for the-bl'2g receptor Ki values of 4,793 nM and 902

nM, respectively). Based on these result8] & predicted to have (+amphetamindike effects

and abuse potential whereas the 1sudpstituted derivatives may produce-3,4
methylenedioxymethamphetamine (MDMAje effects buwith less abuse liability

Disclosures: A.L. Halberstadt: A. Employment/Salary (full or patime):; UCSD, Veteran's
Administration. B. Contracted Research/Research Grant (principal investigator for a drug study,
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!Physiological Sci.2Dept. of Chem. and BiocheniDept. of Psychology'Evelyn F. McKnight
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Abstract: Dopaminergic signaling is known for its role in rewaeduation, reinforcement

learning, and memory. Dysregulation of dopamine signaling is also implicated in
neuropathological conditions such as depression, schizophrenia, movement disorders, and
addiction. Dopamine is released from ventral tegmental ar€A)(Meurons and acts on

dopamine receptors in the nucleus accumbens (NAc) to modulate cortical input. Dopaminergic
terminals in the NAc are thought to release dopamine in response to large popelaidiurst
activity in the VTA. However, the exact rétanship between VTA cell activity and NAc

dopamine release has not been established due to technological limitations that have prevented



simultaneous measurement of both dopamine release andwiitggetivity. To address this, we
collected simultaneouseasurements of cell firing in the VTA and dopamine release in the NAc
using a novel measurement tool developed in our laboratory that integrates extracellular
electrophysiological recording with fastan cyclic voltammetry. To induce phasic dopamine
release, anesthetized Sprague Dawley rats (n =4148,8onths old, 1 1.5 % isoflurane) were

injected with dopamine transporter inhibitor GRR909 (17.5 mg/kg, i.p.) and D2 receptor
antagonist eticlopride (0.75 mg/kg, i.p.). Although we predicted trerge portion of recorded
dopamine neurons would fire before the onset of transient dopamine release events, we found
instead that only ~ 8 % of VTA dopamine neurons exhibited reliablesperit responses before

a dopamine transient release event. Additlyntransient dopamine release events were

associated with small (< 1 Hz) increases in dopamine neuron activity. Neurons that did exhibit
reliable responses to transient dopamine release events responded long before the onset of
transient dopamine relea$980 + 403 ms SEM; n = 5 neurons). We also observed that the firing
rate of putative GABAergic neurons in the nei
t hought to be the 6émaster brakedé of the VTA,
non-dopaminergic neurons in the VTA increased. Taken together these data suggest that NAc
dopamine release is encoded by sparse signals from VTA dopamine neurons that are under tight
control by inhibitory neurons of the tVTA.
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Abstract: The selective targeting of specific neuronal subtypes using chemogenetic techniques,
such as Designer Receptors Exclusively Activated by Designer Drugs (DREADDSs), has
facilitated the understanding of the functional roles of complex brain circuits. While DREADDs
are a powerful tool for transient and repeated manipulation of neurons, how activation of
excitatory or inhibitory DREADDs affects neurotransmitter dynamics (releasel@a@nce) is

poorly understood. In this study, we used a combinatorial viral targeting system to restrict



DREADD expression to dopamine (DA) neurons in the ventral tegmental area (VTA)/substantia
nigra (SN) of wildtype rats. We then employed in vivo fastan cyclic voltammetry (FSCV) to
determine how systemic administration of Clozagiexide (CNO), a biologically inert ligand

for DREADDSs, modulates DA transmission in the olfactory tubercle (OT), an important limbic
structure located in the ventnialod part of the ventral striatum that is implicated in mediating

the rewarding effects of drugs. Through immunohistochemical and electrochemical evidence, we
demonstrated selective viral targeting of DA neurons and determined that CNO dose
dependently (0.36.0 mg/kg, i.p) activates DREADDSs, leading to excitation and/or inhibition of
DA release evoked by electrical stimulation of the VTA/SN in uretfzaresthetized rats. These
results will facilitate the understanding of DA neurons in essential brain faects well as
establish guidelines for the use of DREADDSs in behavioral studies.
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Abstract: Serotonin action on principal excitatory cells is implicated in mood regulation and
thought to be mechanistic for part of the dysfunction in many psychiatric disorders. While
pharmacological treatments targeting serotonin signaling can be highly eftbeiivexact
mechanism is not clearly understood. Released serotonin may bind to any of seven 5HT receptor
subtypes, with the 5HT2 family having a critical role in mood disorder pathology. Recent
findings in cultured cells and expression systems have dératatsserotonin receptor

expression and function in ngumincipal cells, yet a comprehensive and comparative localization
of these receptors in intact tissue has yet to be completed. In the present study, we examined
5HT2A and 5HT2B receptor expressionp@arvalbuminpositive inhibitory interneurons, GFAP
positive astrocytes, and Ibgbsitive microglia in the mouse cortex and hippocampal CA1

region. Using immunohistochemistry and confocal microscopy, we characterize differential
5HT2A and 5HT2B receptoxpression that varies both by cell type and brain region. We
detected robust expression levels of 5HT2A in microglia cells, which are not conventionally
thought to participate in serotonin signaling. These findings elucidate the potential contributions



of specific 5SHT2 receptor subtypes to normal brain function viagrortipal cells and may
have implications for the mechanisms of action of drugs that target these receptors.
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Abstract: Drugs of abuse cause addiction through neuronal miolga though the molecular
mechanisms of addiction are poorly understood and targeted treatment options are scarce. The
immense social and financial costs of drug addiction necessitate further investigation. The
rewarding effects of these drugs act thitoagany of the same monoamine proteins in humans as
in invertebrates. Since the human nervous system is quite complex, this research utilizes a
simple, reliable model for investigation of the molecular mechanisms of action underlying
cocaine and MDMA usinthe invertebrate nemato@aenorhabditis elegan®revious research
confirms high molecular conservation of the dopamine and serotonin reward systems between
humans an. elegansWe set out to investigate the effects of cocaine and MDME&.on
elegansegg laying as a marker for activation of the serotonergic system. Cocaine inhibits the
dopamine, serotonin and norepinephrine transporters in mammals, whereas MDMA interferes in
vesicle packaging of neurotransmitters and is a known serotonergic agomists@ts show a
dosedependent increase in elying in response to cocaine (mean eggs laid/animal/hour = 6.56
at 70 mM and 2.82 at 35 mM, p < 0.0001 for both concentrations as compared to an osmotic and
a negative control) and a smaller increase ipaese to MDMA (mean eggs laid/animal/hour =

1.1 at 35 mM, p = 0.0048 compared to osmotic control and p = 0.0019 compared to negative
control). Significantly, we observed a curled posture of worms subjected to MDMA (88.00%
curled). Reduction of function mations in the ortholog of the vesicular proton ATPase required
for neurotransmitter transport into vesicles show an identical posture in the sameiassay (
32,himbcontrol strain, 79.49% curl ed, vshntrsateg r 6 s
unc32 mutants p = 0.3802). To further investigate this finding, we will test for resistance to

e



MDMA when unc32is overexpressed. Finally, we are also adapting a Conditioned Place
Preference experiment to be applied on relevant mutant strains. We ainthis system and

our posture and egg laying assays to measure addictive behavior to MDMA and cocaine and
elucidate the molecular mechanisms involved.
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Title: Role of dopaminergic modulation tifalamaeprefrontal connectivity in social behavior
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Abstract: The medial prefrontal cortex (mPFC) plays a key role in cognitive and emotional
behaviors affected in many neuropsychiatric disorders. Dopamine is a major modulator of layer 5
(L5) pyramidal neurons, which are a main output from mPFC. L5 neurons can be divided into
subpopulations based on their expression of various dopamine receptors. Previous studies from
our laboratory showed that subcortically projecting L5 pyramidal ne@xmbit a specific

modulation of intrinsic excitability after dopamine type 2 receptor (D2R) activation. However,

the effects of dopaminergic modulation on specific circuits and behavior remain unclear. To test
whether dopamine modulates behavior througfinéd circuits, we have used a combination of
genetic models, behavioral assays, optogenetic manipulations, pharmacologglarafch

recordings anth vivo calcium imaging. We have found that D2R activation can enhance
responses of mMPFC neurons to ingudsn the mediodorsal thalamus (MD) but not other

sources. This mechanism is eslpe specific and depends on specific voltage gated ion

channels. D2R deletion in the mPFC disrupts normal social behavior. Furthermore, optogenetic
inhibition of projectiondgrom the MD thalamus to mPFC can decrease social interactions.
Together, these observations suggest a role for this mechanism in social behaviors. Interestingly,
we found that the D2fnediated potentiation of MINPFC synapses can be abolished under



pathobgical conditions: cocaine administration, DISC1 dominant negative and chronic social
defeat stress. In these cases, the D#Rliated potentiation can be rescued by preventing D2R
internalization and degradation, suggesting that under some conditiodeywhegulation of
surface D2Rs may lead to the loss of this modulation, potentially driving behavioral effects.
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Title: A novel serotonergic microcircuit in tigrosophilavisual system
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Abstract: Serotonergic projections densely innervate the visual system of the fruit fly

Drosophila melanogasteyet the role of serotonin signaling in the optic lobe remains unknown.

Here, we characterize cells expressiagnin receptors and identify a microcircuit modulated

by serotoninDrosophilahave five serotonin receptors that are homologous to mammalian 5

HT1A, 5HT1B, 5HT2A, 5HT2B and 5HT7. We found that #HT1A, 5HT1B and 5HT7 are

expressed in serotorimmunoreactive projections, presumably functioning as autoreceptors.

We also identified several neurons that house serotonin heteroreceptors, including lamina
monopolar cell 2 (6LHIPBandbdXprresessémptigoesci amad oo
expressing infditory 5HT1A and 5HT1B receptors. Serotonin neurons were not found to

synapse onto L2 or T1 neurons, indicating signaling via volume transmission. However, L2 and

T1 neurons both synapse onto serotonergic projections, in contrast to several otha@nseroton
receptorexpressing cells we examined. Intriguingly, there are reciprocal synaptic connections
between L2 and T1 neurons themselves. Thus, activation of serotonin receptors independently
modulates each visual neuron, while the L2/T1 synaptic connextisras a potential integration
site. L2 and T1 both form reciprocal synapses
encompassing the ligl@FF and-ON visual pathways. This is the first description of serotonin

signaling to visual processing neus that function as inputs to fly visuomotor behaviors. The



Drosophilav i s ual s ycbaraetarized ciramiéryl provides an ideal model system to
inform our understanding of long range serotonergic signaling and reveal basic principles of
modulatory metwork function.
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Title: CTR1 in normal striatum, substantia nigra, and cortex
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Abstract: Copper is craial for several cellular functions including proper monoamine

metabolism, mitochondrial activity, and myelination. Abnormal copper levels are implicated in
sever al brain disorders such as Menkebds di sea
(S2).1n fact, coppetdecreasing experimental manipulations (such as a diet containing the copper
chelator cuprizone) produce demyelination, increased dopamine, decreased expression of
oligodendrocytic (OLI) proteins and Sike behavioral impairments. The cagpransporter

CTR1 transports copper across the blood brain barrier, but has rarely been studied in human
postmortem brain. In this study we used immunohistochemistry to localize CTR1 in the striatum,
substantia nigra (SN), and prefrontal cortex of twelwamal controls, with four cases examined

for each brain area (5F&7M; overall mean PMI and age were 11.83hr and 46yrs). Rabbit anti
CTR1 (dilution 1:2000, Novus Biologicals NB1@D2) was used. Preadsorbtion with CTR1

blocking peptide neutralized all stémg, confirming antibody specificity. Cellular staining was
infrequent throughout most of the striatum, while endothelial cells, labeled punctate structures,
and beady fibers were observed. There was dramatic staining of fibers and ependymal cells at the
ventricular border of the caudate. Very few, if any, stained astrocytes (AST) and OLI were
observed in the striatum; however, AST were occasionally labeled in the external and internal
capsule. Diffusely labeled puncta were observed in the white, buteygtrgatter of the

striatum. The SN contained a large number of stained endothelial cells within dopaminergic and



nondopaminergic regions; prominently labeled endothelial cells were also common in white
matter. Most dopaminergic neurons appeared to bé&lhbéery few, if any, labeled AST and

OLI were observed. However, densely labeled neuropil was observed throughout the SN.
Labeled beady fibers were also present. Labeling was present in neuropil, neurons and glia of the
cortex. Labeled neurons, includipgramidal neurons, were scattered throughout grey matter.
Blood vessels lined with stained endothelial cells were prominent in both grey and white matter.
Subcortical white matter was heavily stained with fibers, punctate structures, glial cells and
endohelial cells. CTR1 labeling differed between regions. The rich staining of CTRL1 in the SN,
cortex and hippocampus (previous work) parallels the known concentrations of copper in the
brain. This study yields novel information about «glkecific CTR1 coppéransport in

postmortem human cortex, SN and striatum, which could elucidate disease state etiology.
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Abstract: Acid-Sensing lon Channels (ASICs) are gated by extracellular protons and play
important roles in physiological and pathological states, such as pain deel $t8/C1la and

ASIC2a, two of the most highly expressed subunits in the brain, form functionat hacho
heteremeric (ASIC1a/2a) channels. The function of ASIC1a has been widely studied using
psalmotoxin (PcTx1), a venederived peptide, as an ASIG%alective antagonist. Here, using
whole-cell patch clamp, we show that PcTx1 has dual actions at rodent ASIC1a/2a. It can either
inhibit or potentiate the heteromeric channel, depending on the conditioning and stimulating pHs.
Potent inhibition occurs only abnditioning pHs that begin to desensitize the channe$ 6C

2.9 nM at pH7.0, a threshold pH for desensitization of ASIC1a/2a). By contrast, potent
potentiation of the channel can occur at the physiological pH in both CHO cels<56.1

nM) and cortical neurons (threshold concentration < 10 nM). PcTx1 potentiates ASICla/2a by
increasing the apparent affinity of channel activation for protons. As such, potentiation is the
strongest at moderate pHs, diminishing with increasing probocentrations. Our findings

identify PcTx1 as a valuable tool for studying ASICla/2a function and expand the diverse and
complex pharmacology of PcTx1.
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Title: New insights into the pathology of glycine receptor autoantibadissff person
syndrome

Authors: V. ROEMER?, N. VON WARDENBURG, N. SCHAEFER, E. TUZUN, C. L.
SOMMER, *C. VILLMANN 1

Univ. Wuerzburg, Wuerzburg, Germarfinst. of Exptl. Med., Istanbul Univ., Istanbul, Turkey;
3Dept. of Neurol., Univ. of Wuerzbur§lyuerzburg, Germany

Abstract: The rare neurological disease stiff person syndrome (SPS) is triggered by
autoantibodies against various neuronal structures including intracellular proteins like the
GABA-synthesizing enzyme glutamate decarboxylase (GAD)langdsicleassociated protein
amphiphysin or membrad®ound proteins like NMDA receptors and glycine receptors (GlyR).
Typical symptoms of SRBatients are stiffness and painful spasms in axial and proximal limb
muscles sometimes accompanied by anxietysadden falls. So far, immunotherapy is the most
effective treatment but relapses often occur. We focus orp@#éhts carrying GlyR
autoantibodies. The first identification of GlyR autoantibodies in a patient was in 2008. This
patient showed symptoms slar to the hereditary neurological disorder hyperekplexia, rigidity,
brainstem signs and CSF lymphocytosis. Enhanced GlyR internalization induced as a
consequence of autoantibedinding was suggested as the underlying pathomechanism.
Furthermore, interdaed GlyRs colocalized with the late endosomal marker LAMP2. We use
live staining experiments of transfected HEK293 cells to identify GlyR autoantiasliive

sera from SP®atients. Live stainings of cultured motoneurons resulted in a similar staining
pattern. Competition analyses were used for evaluation of the GlyR autoantibody epitope.
Therefore, monoclonal arBlyR alphatantibody mAb2b and sera positive for GlyR
autoantibodies were dacubated in different dilution ratios, thus revealing a shapbpe of

both antibodies. Chimeric construct of human and zebrafish GlyR alphal could further restrict



the epitope to the fferminus. Autoantibod¥inding to GlyRs had no effect on the ligand
affinity of glycine. HEK293 cells transfected with GlyRs aslivas spinal cord motoneurons
labeled by GlyRautoantibodies were investigated for further functional GlyR analysis. Using
electrophysiological recordings, GlyR efficacy and potency were determined following
autoantibody binding in a time window that exa¢d GlyR internalization as the primary
mechanism. Hence, our data widen the knowledge of the pathomechanism of GlyR
autoantibodies in SPS.
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Abstract: Glycine receptors (GlyRs) are anipermeable ligangated ion channels of the Cys

loop superfamily. In the mammalian CNS, the enhancement of the chloride conductance through
the activation of GlyRs results in a transient hyperpolarization of the membranegbotdnth

is critical to control the neuronal excitability. The relevance of glycinergic inhibition is

underlined by the presence of malfunctional GlyRs in many pathophysiological states, including
chronic pain. Previous studies have shown that the dgtsfunof GlyRs containing the alpha 3
subunit is a pivotal mechanism of pain hypersensitivity. This pathway involves the activation of
prostaglandin receptors and the subsequent-Bé&@endent phosphorylation of alpha 3 GlyRs



within the intracellular domaifiCD), which decrease the Gly&ssociated currents and in turn
enhance the neuronal excitability. Despite the importance of this pain sensitization pathway
associated with the dysfunctional alpha 3 GlyRs, our current understanding of the molecular
eventsnvolved is very limited. Here we report that PKAediated phosphorylation of alpha 3
GlyR decreases the ion channel conductance. We show in addition that the substitution of the
PKA-targeted serine with a negatively charged residue within the ICD of al@hgRs and of
chimeric GLIGGIyR receptors was necessary and sufficient to generate receptors with impaired
conductance. Furthermore, we show that a recently characterized GlyR modulators showing in
vivo analgesic activity normalized the impaired conduoce of phosphaimetic alpha 3 GlyRs.

Our findings thus propose a molecular framework for a pain sensitization mechanism involving
neuronal dignhibition and suggest that the allosteric modulation of alpha 3 GlyR alleviates
chronic pain at least in patirough the restoration of phosphorylated ion channels with impaired
chloride conductance.
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Title: Modulating ivermectin sensitivity at glutameagated chloride channels (GluClIs) of
haemonchus contortus (Hco) and biophysical properties of inhibitory postsynaptic currents
mediated byalpha and alphabeta HcoGIuCl receptors

Authors: *M. ATIF 1, J. SMITH, A. KERAMIDAS?, J. LYNCH
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3Queensland Brain Inst., Univ. of Queensland, Brisbane, Australia

Abstract: Background: Glutamatgated chloride channel receptors (GIuCIRs) are expressed by
invertebrates where they mediate neuronal and muscle inhibition. GIuCIRs are important
therapeutic targets for controlling parasitic pest species in agriculture, vetgnaetize and

human health. The most widely used drug to control pest species is ivermectin (IVM). This drug
acts by binding to and potentiating the activity of GIuCIRs with high potency. However, the
continuous and lonterm use of IVM has led to the emerge of resistance in many pest



species.

Aim: Our aim was to explore possible mechanisms of IVM resistance in pest species by

measuring the glutamate and IVM sensitivity of different homomeric and heteromeric isoforms

of GluCIRs. We used different methoids this purpose a) twelectrode voltage clamp

electrophysiology (TEVC) and oocyte expression b) heterosynapses to measure the inhibitory
postsynaptic currents (IPSCs) of GIuCIRs subunits from the ruminant animal parasite,

Haemonchus contorty$icoGIluCIR)

Results: Glutamate dosesponse experiments demonstrated that homomeric HcoGIuCIRs
comprising U subunits and heteromeric HcoGlucC

ECsos, being between280 e M. I n contrast, homorentsi c Hc o Gl
exhibitanincreasedE€of 300 e M. -Fhasmbsvel VBMlceptors were
withan EGoval ue of 20 nM. An intermediate I VM sens

HCoGIuCIRs with EG of 130-200 nM. Homomeric receptors of HCaGC| Rs compr i sing
subunits were insensitiveto VM (B& 10 & M) .
We also studied IPSCs mediated by the two isoforms in a cortical REIEHIER293 coculture

assay. The |1 PSC decay time constant was faste
U homomeric receptors (U:40 ms). | VM applicat
i soforms wherein increasing the decay time of

Ub heteromer to 70 ms.

Conclusion: Our data from TEVC and IPSCs suggéstisa significant determinant of IVM
sensitivity at GIuCIRs is the subunit composition. This implies that an organism can increase
resistance to IVM without losing glutamate sensitivity by upregulating the expression of an
IVM -insensitive subunit to prodedeteromeric receptors.
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Title: Modulation of inhibitory receptors by gelsemine, a gelsemium plant alkaloid
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Abstract: GABAAa and glycine receptors (GAB&Rs and GlyRs) are anieselective ligand

gated ion channels that mediate the inhibitory neurotransmission in the central nervous system.
Activation of GABAxRs and GlyRs controls relevant biological processes, including pain
processing, sleep and anxiety. Recent reports coincidentally have shown that natural alkaloids
from theGelsemiungenus plants, such as gelsemine and koumine, displayed analgesic and
anxidytic activity in behavioral models. Interestingly, these effects were dependent on the
activity of inhibitory receptors. However, it is currently unknown whe@®elsemiunalkaloids

can directly modulate the function of GlyRs and GAIRS. Here, we examidghe functional

effects of gelsemine, one of the principal alkaloids produced b@éhsemiungenus of plants,

on recombinant and native GARBRs and GlyRs by using electrophysiological techniques.

Using wholecell recordings of inhibitory receptors exgsed in HEK293 cells, we determined

that gelsemine exerted conformatigipecific and subunielective effects on GlyRs. On the

other hand, recombinant benzodiazegseasitive GABARS were inhibited by gelsemine. The
gelsemine modulation of GlyRs was asated with differential changes in the apparent affinity

for glycine and in the open probability of the ion channel. Additional electrophysiological studies
with chimeric and mutated GlyRs indicated that specific residues within the extracellular domain
of GlyRs were essential for the gelsemine effects. Molecular modeling and docking calculations
suggest that gelsemine binds to the orthostheric site of GlyR. Similar studies performed on
GABAARSs also suggest that gelsemine binds to the GABA binding glte aiterphase between

U and b subunits. Further studies performed
significantly diminished the frequency of glycinergic, GABAergic and glutamatergic miniature
postsynaptic events without altering the average #omgie. Our results show that gelsemine can
directly modulate the activity of recombinant and neuronal GlyRs and GRBAAt the

molecular level, our data also suggest that gelsemine binds to the orthostheric site of GlyRs and
GABAARs. In addition, our rests showed that gelsemine negatively modulate both inhibitory

and excitatory neurotransmission. Future studies may contribute to shed light on the mechanisms
underlying the beneficial effects of tlielsemiunalkaloids in the control of pathological pain

and anxiety through the modulation of inhibitory receptors.
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Title: The GLRB mouse mutant spasti& model system to study agoraphobic behavior
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Abstrac: The adult glycine receptor is a pentamer
i nhi bitory neurotransmission in the central n
GLRBgene. Mutations in th6LRBgene have been assigned as the third owatmon cause of

the neuromotor disorder startle disease. Patients with this rare neurological disorder suffer from
exaggerated startle responses following unexpected noise or tactile stimuli. Moreover, a genome
wide association study provided evidenceddink betweerGLRBgene polymorphisms of

agoraphobic (AG) patients with an anxiety phenotype based on an Agoraphobic Cognitions
Questionnaire (ACQ) in healthy German volunteers. To further investigate the issue of a panic
phenotype, we used the mouse magastic Homozygouspasticmice show a neuromotor

phenotype due to a splice defect within @leéb gene. The splice defect generates aberrant splice
products that lack exon 6 or a combination of exons 5 and 6. As a consequence, reduced amounts
offul-lengt h GIyrR b protein have been observed. S
three weeks after birth, the homozygous animals do not represent a good model to study panic
behavior. HeterozygouSIrb mutants lack about 50% of fellle n gt h  GlnyeRdns i n br ai
including cortex, cerebellum, thalamus, striatum, hippocampus, brain stem and spinal cord.
Heterozygous animals have no motor phenotype, which is in line with the human volunteers
carryingGLRBgene polymorphism that most probably do not resuliiige changes of glycine
receptor b expr es spgasiiomice wete anslyzedratehe age ef@wegks u s

for an anxiety phenotype. Heterozygous animals show an avoidance of a novel open space, a
behavior in line with the agoraphobic feahimman volunteers witGLRBpolymorphisms. In

addition, the distance the animals walked as well as the entries into the open field did not change
between heterozygous animals and controls. Furthermore, mice were analyzed in the elevated

plus maze, the daflight field, for the startle reaction, and in the Morris water maze. The last

was used as a control for lack of a motor phenotype and a control for learning and memory in
heterozygouspasticanimals. In summary, our findings show that @ieb gene doesot only

contribute to the neurological disorder hyperekplexia, but also represent a model system useful to
investigate agoraphobic behavior associated with differences in the expression level of the

gl ycine receptor b subunit.
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Title: The role of phenylalanine residues in the extracellular domain of the glycine receptor
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Abstract: The extracellular domains (ECDs) of Cig®p receptors chacteristically contain

many aromatic amino acids, but only those in the binding pocket have been extensively studied.
Here we show that many Phe residues in the ECD which are not located in the binding pocket are
also involved in the function of the glycineceptor, a typical Cywop receptor. The Phe

residues were explored by creating a range of mutant receptors, characterising them using two
electrode voltage clamp Xenopus oocytesnd interpreting changes in receptor parameters

using currently availale structural information on the open and closed states of the receptor. The
data reveal that substitution of most of the Phes in the ECD with Ala alters the function of the
receptor; of the 14 Phe residues 2 Ala substitutions ablate function, 3 ca0deldihanges in

ECso, 3 cause changes in kf@A.0-100 fold, and 2 change B§2-10 fold. Only 4 of these

mutants resulted in Eg& similar to WT. Substitution with other amino acids, combined with
examination of nearby residues that could potentiallyaatewnith these Phes, suggests

interactions that could be important for the correct functioning of glycine receptors, and possibly
also for other members of the Glgop receptor family. Overall the data suggest many regions of
the ECD are important for ceptor function, and they also indicate potential novel regions that
could be targeted in the design of novel therapeutic agents.
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Title: Gastrokinetic agent, mosapride inhibithyroxytryptamine 3 receptor currelitsNCB-
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Abstract: Mosapride accelerates gastric emptying through acting enya®xytryptamine (5

HT) 4 receptor and is used for the treatment of gastritis, gastroesophageal reflux diseases, and
irritable bowel syndrome. But its mechanism is still unclear, thereforestedtthe effect of
mosapride on&1T3 receptor currents, because thel'Bs receptors are known to be expressed in
the gastrointestinal system and have an important role for the regulation of bowel movement.
Using whole cell voltage clamp method, we comgahe currents of 5Tz receptor whenHT

was applied alone and-@pplied with mosapride in cultured NEB cells known to express the
5-HTz receptors. The-BiTs receptor current amplitudes were inhibited by mosapride in a
concentration dependent manrdonsapride blocked the peak currents in a competitive manner,
because the EC50 was shifted to the right without the change of maximal effect evoked-by the 5
HT application. The 81Tz receptor current rise slopes were decreased by the mosapride. It
accelerged the desensitization oft$T3 receptor, but did not affect the receptor deactivation.
There were no voltageand usalependency in its blocking effects. Mosapride also did not
change the recovery process from the receptor desensitization. Thesesuggdis that

mosapride inhibits the-BI T3 receptor through a competitive blocking mechanism. From this
study, we could expand our understanding the pharmacological and therapeutic mechanisms of
mosapride to improve gastrointestinal motility and to treaségal gastrointestinal disorders.
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Abstract: Drug addiction is a persistent mental illness and there is no effective therapy for
patients. The precise mechanisms underlying addictive responses have not been completely
deciphered. New evidence has been shown that ion chantieéshrain reward circuits are

believed to play a vital role in drug addiction. Adensing ion channels (ASICs) are highly
expressed in brain with ASIC1la and ASIC2 channels being the predominant subtypes. These
channels are enriched at synaptic sitesardentral for the regulation of normal synaptic
transmission. Moreover, increasing evidence is linking ASICs to the pathogenesis of various
neurological and neuropsychiatric disorders. We and others have shown that ASICs are involved
in cocaine addictiorHere, we hypothesized that amphetamine, a psychostimuland similar to
cocaine, may also impact the function of ASICs. Adult wyide (WT) C57BL/6J, ASIC1 and
ASIC2 knockout (KO) mice were placed in individual test chambers to allow accommodation to
novd environment for 60 minutes. They then received a single intraperitoneal (i.p) injection of
amphetamine at 3.0 mg/kg, and their locomotor activities were recorded for 150 minutes. The
experiment was repeated daily for a total of 5 days. Aftewaék wihdrawal period, the mice

were brought back to the behavioral chamber followed by a final challenge i.p injection of
amphetamine at 1.5 mg/kg. Locomotor activity to this challenge dose was measured for 150 min.
Acute amphetamine injection induced a typaasedependent increase in locomotor activities

in WT, ASIC1 and ASIC2 KO mice (both male and female mice). However, the increase in
locomotor activities were attenuated in ASIC1 and ASIC2 KO mice as compared to WT mice.
Both WT, ASIC1 and ASICRO mice slowed sensitization to amphetamine. However, ASIC1
KO mice showed more, while ASIC2 KO mice showed less behavioral sensitization to
amphetamine. Our data provides new understanding of the complex genetic and molecular
mechanisms of ASICs in response to aetpmine exposure.
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Abstract: GABAA receptors have long been considered as targets for treatment of acute pain and
neuropathic pain conditions. Our previous studies have shown that carisoprodol (CSP), a widely



prescribed muscleelaxant to treat low back pain, differentially potentiates GAB&ceptor
subtypes with st r ocongamiagtGARAorécepiots.iFarthernmwre, ithas U 1
been r ep o-contanihg GABA tecepidrs are associated with abrslated effects

wh i | e-codtaiing Bceptors are linked with anticiceptive and muscle relaxant effects.

The purpose of the present study is to investigate the structure and function relationship of CSP
inaneffo t to seek a compound with | ower Ul effic:
maxi mize CSPO6s clinical utility with | ower ab

parent compound, CSP, a series of novel compounds were synthesizedriwiils sidechain

modifications. The subtype selectivity profile was examined on HEK cells expressing various
recombinant GABA subtypes with wholeell patch clamp. Animal behavioral assays were

performed to assess the effects of drugs on motor functamception and abuse potential. We

show that modifications made to CSPO6s structu
profile. Some of the synthesized CSP anal ogs
containing receptors. Our prelinary results provide a future direction for the development of
subtypeselective GABAergic drugs for the treatment of chronic pain and other neuropathic pain
conditions.
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Abstract: GABAA receptors are chloride channels that are the primary mediators of inhibitory

neuronal transmission. Thee c hannel s are pentamers cagmposed
brs, 139 U, U,13).dhecanonical BABArecept or contains 2 U su
and 1 othersubunitt y pi cal | y 2canohioalwuwwunié combinations can atseate

functional receptors with unique pharmacology. Moa n o0 n-containing abmbinations have

been shown to create plasma membiaxy@essed receptors that are not activated by GABA or

known GABAAl i gands. d i s expr es s amandbrainstem nucléi,ythei n an
hypothalamus, and the hippocampus. This is a discrete expression pattern, unlike that of the



subunits that make up the canoni cal receptor.
be a novel, druggable target for aeigic dysfunction without widespread side effects. To date,
there are only two publ i caaphaomasology h@veverrtheyn g t he
report contradictory findings. Our | ab has ob
when expresed in recombinant HEK293 or COS7 cells. Who#d voltageclamp comparisons
0fsbgUsdy aowl Y transfeadiion sn ote vdalyiihtmegatdttoUt h an |
current amplitude (both ~90 pA), B&tboth ~30 uM), and histamine potentiation (both ~300%
potentiation). Norpermeabilized stainingd®d i n combi nati ons that wer
another lab to be present at the plasma membrane was nonexistent in our hands; fivever,
expression wasonfirmed intracellularly and the protein was not degraded, as shown by
permeabilized staining and Western blotting. The absence of assembly could be due to a lack of

an accessory protein, the presence of a protein that inhibits assembly, or cell tgpeces|

differences. To circumvent the problem with recombinant systems, we have identified cell lines

that natively express the daseceptarsinthesecdllf d i s
lines, the results of this study are expected to reveah&emacting proteins as well as expand
our knowledge about the phar mtuecioh.ogi cal contr
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Abstract: Hippocampal thetahythm appears in oscillation epochs (episodes afteymized
activity followed by silent intervals) that contribute to encoding of spatial and behavioral
information. Here we suggest a mechanism responsible for appearance of thesesbarond
oscillations. We recorded hippocampal thetgthms with a wirkess system in freely moving
mice. Rhythmic modulation of the theta power was studied using wavelet analysis. 1 uM



picrotoxin was injected through a chronically implanted cannula to selectively block tonic
GABAA conductance. The injection significantly reased the length of the thetaythm epochs

and decreased the intepoch intervals. Larger concentrations of picrotoxin (10 uM and 100
H1M), which also block synaptic GABAmediated signalling, shortened the thetgthm epochs

and prolonged the int&pach intervals. This finding is consistent with previous reports that
synaptic GABAergic signalling is required for synchronization of neuronal networks. Then we
facilitated activitydependent tonic GABAconductance increase by blocking GABA uptake.

Both aGAT-3 inhibitor SNAR5114 (100 uM) and a GAT inhibitor NNG711 (10 uM)

significantly shortened the epochs and increased theaptash intervals. 100 nM
allopregnanolone, highly potent positive allosteric modulator of extrasynaptic @ARAptors,
shotened the epochs and increased the-@pech intervals likewisén summary, we suggest

that accumulation of extracellular GABA during synchronized neuronal activity inhibits neurons
and stops their firing, hence rhythmic activity. When the neuronaitgas reduced, the

ambient GABA concentration also decreases. Such fluctuations in the ambient GABA are
responsible for the rhythmic modulation of the theta oscillations. GABA uptake or enhancement
of tonic GABAa current with allopregnanolone modulate #pochs of the theta rhythms. Our
findings also shed light upon possible mechanisms by which endogenously produced
allopregnanolone exerts its physiological effects.
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None A. Mironov: None.
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Title: The GABA-A receptor antagonists TETS and RDX bind in the pore of the GABA
channel

Authors: *B. PRESSLY'? |. PESSAH, H. WULFFP
lUC DAVIS, Davis, CA;?Pharmacol.2Unit Dept. of Mol. Biosciences, Sch. of Vet. Med., Univ.
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Abstract: The rodenticide tetramethylenedisulfotetramine (TETS) is a potent convulsant (lethal
dose in humans-I0 mg) that is listed as a possible threat agent by the United States Department
of Homeland Security. TETS has previouslyme&idiedn vivofor toxicity andin vitro in



binding assays, with the latter demonstrating it to be acoampetitive antagonist on GABA

receptors. However, since it was unknown whether TETS exhibits subtype selectivity for a

particular GABA\ receptor ombination, we used wholeell patchclamp to determine the

potency of TETS on the major synaptic and extrasynaptic GABAeptors associated with

convul sant activity. We found that TETS exhib
(IC50480 nM,95% CI: 3266 4 0 n M) a n 400 @\Vh &% ZI: 2961C nM). We next
decided to map the TETS binding site on the U
electrophysiology, sitdirected mutagenesis and molecular modeling with the Rosetta membrane
method to help identify critical residues. In parallel, we are also investigating the structurally

related compound RDX (royal demolition explosive; 1-8igitroperhydrel,3,5triazine), a

high energy explosive, which is widely used for military and @wilpurposes and regulated as

an environmental contaminant. RDX induces seizures in humans following accidental exposure
during manufacture or in soldiers following inadvertent or intentional ingestion as a perceived

illicit drug. We first constructedahaml ogy model of the U2b322 rece
structures of the b3TMDchmem astemplates.BotmTETSandh e b 3 U
RDX were docked in the homology model using Rosetta ligand docking with the membrane

function. Rosetta identifiethree possible interaction sites for both compounds in the pore region

of the channel: Site one at the 2' position previously hypothesized as a site of TETS action; site

two at T6', which is the traditional narompetitive antagonist site for picrotoxirBPS and

EBOB; and site three located much higher up in the pore with favorable interactions at the R19'
position. We are currently experimentally testing these predictions but hypothesize that both the
TETS and the RDX binding sites overlap with, but areidentical to, the picrotoxin binding

site.
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Authors: *T. MU, X. DI
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Abstract: Proteostasis deficiency in ion channels leads to a variety of ion channel diseases called
channelopathies, which are often caused by excessive endoplasmic reasshoiated
degradation (ERAD) and inefficient membrane trafficking of mutant ion charWel$ocus on



proteostasis maintenance of garramainobutyric acid type A (GABAA) receptors, the primary
inhibitory ion channels in the mammalian central nervous system. Numerous epispsiated
missense mutations in the receptor subunits predisposeddirapid ERAD, reduce their cell

surface expression, and cause loss of their function. We aimed to use small molecules to adapt
the proteostasis network in the ER to restore the surface trafficking and function of such mutant
receptors. Our screening as$aym a structurally diverse FDApproved drug library identified

lead compounds that enhanced the surface expression of a number of traffeficrent mutant
receptors. Furthermore, patch clamping electrophysiology showed that these lead compounds
resored their function on the plasma membrane. Mechanistic studies revealed that they reduced
the degradation by attenuating the ERAD pathway. In addition, they enhanced the folding of the
mutant subunits by enhancing their interactions with major GABAA tecemteracting

chaperones. Both ERAD inhibition and folding enhancement contributed to the improuted ER
Golgi trafficking efficiency of the mutant receptors. These compounds hold the promise to be
further developed to ameliorate idiopathic epilepsyltery from excessive GABAA receptor
degradation.
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Abstract: Interneurons act on principal neurons to pattern excitatory output allowing for

neuronal synchronization and maintenance of homeostatic rhythms. Changes in excitatory
patterning due to disruptions in inhibitory signaling are thought to be mistican

neuropsychiatric and neurodevelopmental disorders including developmental epilepsy, autism
spectrum disorder, and schizophrenia. In support of a critical role of inhibitory regulation,
neuropsychiatric and neurodevelopmental disorders share gosymptomology including

spontaneous recurrent seizure, abnormal sleep architecture, and altered circadian rhythmicity.
Providing phasic inhibition n-avimisugra&eacidtypeor pat
A receptors (GABARS) are heteropentamechloride channels constructed from a diverse set

of subunits resulting in 26 known human isoforms with several subtypes having unique signaling
characteristics. GABARs containing the U2 subunit are tra



(AIS) postsynatic to chandler cells, a synaptic site central to neuronal synchronization. Despite
the high abundance of U2 at the AI'S, little |
symptomology seen in neuropsychiatric and neurodevelopmental disorders. Behadioral an
electroencephalographic techniques were used to examine cortical bursting activitgtatkeep
architecture, and circadian rhythmicity in transgenic mice with a kivookutation that reduces

U2 trafficking -D.Ouroesuttstingicaktie 8 uc@®ab U2 si gnaling
plays a pivotal role in the breakdown of rhythmic homeostatic functions and abnormal cortical
activity common to neuropsychiatric and neurodevelopmental disorders. Increased understanding
of the cont r i b anttHe A6 to ooimmadnaymptonplagy $eenringhese disorders

will allow for the development of novel, targeted, therapeutics

as well as further our understanding of the mechanisms underlying excitatory patterning.
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Title: Effects of neurosteroids and phosphorylation on GAE&eptor currents and piriform
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Authors: *J. JEONG, M. O. POULTER
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Abstract: Neurosteroids such as tetrahydrodeoxycorticostefbH®OC) are well known
modulators of gammaminobutyric acid (GABA) receptor activities, and thus, they have great
influence on circuit activities. THDOC is a potent positive allosteric modulator of GABA
receptor, and it has been shown to be involvegilegsy. THDOC potentiates GAB&eceptor

by prolonging the decay of inhibitory postsynaptic currents (IPSCs). The modification of IPSC
kinetics by neurosteroid can also be influenced by phosphorylation by kinases. However, the
interaction of neurosteroidsd kinases have not yet been thoroughly investigated and the
available information is conflicting.

Previous studies have shown widely varying effects of neurosteroids on GABAergic currents.
We hypothesized that the variability is due to varying phoséutooy states of GABA

receptors. In this study, we have investigated the activity of neurosteroids THDOC on
GABAergic miniature IPSCs (mIPSCs) and tonic currents after activation of various kinases, and



their activities in brain circuit. Tonic currentscaiPSCs were measured from Sprafeaviey

rat pyramidal neurons (>14 days) in primary culture. Decay of IPSCs were in two phases, fast
decay | asti) nfgol~ll®dwend Y sl ow. decay | asting ~5(
THDOC by itself ¢andimotodg tsihoonit atsf greatlygncreaked the

negative charge transfer. Activation of protein kinase C (PKC) using the phorbol ester PMA, or
activation of tyrosine receptor kinase B (TrkB) by-diBydroxyflavone (DHF), did not

significantly alter the effectsf THDOC. Treatment with THDOC after activation of protein

kinase A (PKA) by forskolin resulted in two distinct populations of response. One population
showed increased mlIPSC ampl pdorapdredtothetiret ot her s
population. Fordnic currents, THDOC caused a large inward shift in holding current, and thus
increase in tonic inhibition. All three kinases suppressed the change in tonic current by THDOC.
These data show that kinases differentially modulate the effects of neurosberpisissic and

tonic GABA currents.

Next, we utilized voltage sensitive dye imaging (VSDI) technique to visualize circuit activity of

the piriform cortex (PCtx) in brain slice, and how these kinases and THDOC function to

modulate circuit activity. The PCixg one of the most seizuseisceptible region of the brain.

Application of THDOC decreased the circuit activity by 40%. However, our preliminary data

show that when THDOC is applied in the presence of PMA, THDOC failed to suppress circuit
activity. Our peliminary finding suggests that PKC activation blocks the effect of THDOC in

the PCitx.
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Title: No n | i n@ABAaRSkfectively regulate NMDAR recruitmeint CA1 pyramidal
neuron dendrites
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Abstract: Dendritetargeting GABAergic interneurons powerfully control dendritic
electrogenesis, synaptic plasticity and learning. However, the underlying mechanisms are not
well understood. In the current study, we show that den@ABAA receptors (GABARS) in

CA1 pyramidal neurons exhibit pronounced outward rectification. Optogenetically activated
IPSCs from somatostatin (SOMInd NOSpositive interneurons linearly increased with holding
potential above50 mV. By contrast, at morgegative potentials the synaptic peak conductance
was about dold smaller, showing a pronounced Ramear voltagedependence. On the other
hand, fast persomatic IPSCs evoked in parvalbumin (F8)R2 mice showed a classical, much
more linear behavioP h ar macol ogi cal e x psabunitooataiting s howed
GABAARSs substantially contributed to the riomear IPSCs generated by SOM and NOS
interneurons, while somatic IPSCs evoked by PV interneurons were independent of a5
GABAaRs. Next we tested themp a c t o f -GABA4Ra gntthe activatisn of NMDARS.
Appl i cat i-NAM (ROA938581) irdreased the amplitude of subthreshold burst PSPs to
about 140% of control. This increase was strongly dependent on NMDARSs, as it was fully
reversible by AP&pplication. By contrast, low concentration of gabazine (100 nM) increased
burst EPSP to a similar extent, however, in a largely NMBvd®pendent manner.

Computational modeling in NEURON demonstrated that the slow time course and the nonlinear
voltagedependence of the IPSCs evoked by SOM and NOS interneurons are essential for its
powerful control of voltagelependent NMDAR recruitment. Taken together, nonlinear

rect i FGABArRs withSslow kinetics match functional NMDAR properties and thereby
mediate pwerful control of dendritic postsynaptic integration by dendetgeting interneurons
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in the rat dentate gyrus

Authors: *K. ABIRAMAN %, L. T. STEWART, L. L. MCMAHON?
Univ. of Alabama at Birmingham, Birmingham, AiDept Cell, Developmental, and
Integrative Biol., UAB, Birmingham, AL

t



Abstract: O-GIcNAcylation is cruciafor protein function, and involves the addition and
removal of an @inked N-acetylglucosamine ({&GIcNAc) to serine or threonine residues by the
enzymes GGIcNAc transferase (OGT) and OGIcNAcase (OGA), both of which are highly
expressed in the hippocampWMge have previously shown that acutely increasing O
GIcNAcylation using the substrate glucosamine or the OGA inhibitor, thien{&MG),

induces longerm depression (LTD) at CAGA1 hippocampal synapses that requires O
GIcNAc modification of GIluA2 AMPA tpe glutamate receptor (AMPAR) subunits.
Additionally, we found that increasing-GIcNAcylation dampens epileptiform activity at these
same synapses. Because function of GAB#ceptors (GABARS) is modulated by serine
phosphorylation, we have begun to agiether the strength of GAB&K mediated synaptic
inhibition is modulated by @IcNAcylation. We have found that pharmacologically increasing
O-GIcNAc levels in acute slices decreases the amplitude and frequency of spontaneous IPSCs
(sIPSCs) but only the gptitude of miniature IPSCs recorded from CA1 pyramidal cells. This
indicates that much like phosphorylationGIcNAcylation affects postsynaptic GABR

function. To assess if this is general mechanism by which inhibition is modulated in the brain,
we usedvhole-cell voltageclamp recordings from dentate granule cells (DGCs) to investigate
whether increasing GIcNAcylation modulates the frequency and/or amplitude of spontaneous
IPSCs (sIPSCs) onto DGCs. Preliminary experiments found a reduction in b8 atiplitude
and frequency following pharmacologically increasing@NAcylation. Collectively, these

data will help us parse the effects ofGItNAcylation on the input and output stages of
hippocampal processing.
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Abstract: Synaptic inhibition in the brain is essential to regulate neuronal excitability and is
primarily achieved through gamraaninobutyric acid (GABA) acting on fastcting GABAA
receptors. Collybistin (CB) ieritical in the postsynaptic localization of gephyrin and GABAA



receptors at these synapses. The constitutively active isoform of collybistin, GB@ald®een
shown to be particularly adept at recruiting gephyrin and GABAA receptors tsyusgbtic

clustkers. This effect, which we have shown both in culture and in vivo, is coupled with an
increase in synaptic strength, suggesting that CB&H8good target candidate for modulating
the strength of inhibitory neurotransmission. For this purpose, we heatedran adero

associated virus (AAV) with a doubfoxed cassette that bicistronically expresses the
constitutively active isoform of collybistin, CB2SHZnd mCitrine (as a transduction marker),

in a credependent manner. Through unilateral stereataggction of our AAV construct into

the hippocampus of two mouse lines, VGLUifds2cre or VGAT-ires-cre, we were able to
investigate changes in GABAergic synaptic clusters specifically in hippocampal glutamatergic
pyramidal neurons and GABAergic inteurons, respectively. Interneurons transduced with this
construct display higher densities and larger sized gephyrin clusters compared to contralateral
interneurons or transduced interneurons of V&A@ mice injected with a control eGIAAV
construct. Preminary data in VGLUT cre mice indicate a similar increase in GABAergic
postsynaptic proteins in transduced glutamatergic neurons. We therefore conclude that this
approach can be used for the controlled manipulation of the strength of GABAergic synapses
specific brain regions and in specific eglbes. We are exploring the possibility of using this

AAV in a mouse epilepsy model to reduce seizure seizures and provide neuroprotective effects
against excitotoxicity.
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Title: Neuroimmune interactions of interleukin 10 {10) with GABAAR
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Abstract: We have previously shown that Interleuldi@ (IL-10), an antinflammatory cytokne,
is upregulated following a single intoxicating exposure to ethanol (EtOh) in rats
(Neuropharmacology, 20}6In addition, we have also shown thatlQ inhibits GABAergic
transmission in the hippocampus, causing hyperexcitability via botlapdepostynaptic
mechanisms. However, the molecular mechanisms of the interactiorilOflith GABAAR are
not known. Understanding these mechanisms are important in elucidating neuroimmune



regulation of GABAR and other ion channels. To further explore theseomaorune

interactions, we are studying the effects oflll. exposure on cedlurface expression and
phosphorylation of GABAR in human neuroblastoma and glial cells. Our results suggest that
IL-10 exposure i ncr eas e ssubuhitofthe BABAR. Tomexploleat i o n
direct interaction of IE10 with GABAAR, we have also employed tvatectrode voltage clamp
(TEVC) studies irxenopus laevis 0 c yt e s e x p e & rs dbsddsABANRNEhe U
TEVC experiments are looking at the effectiosedependent 1110 exposure on GABAR

mediated currents. Based on results obtained finovitro cell lines and TEVC experiments, we

will perform ex vivostudies on rat hippocampal slices to elucidate the mechanisms of interaction
of IL-10 with GABAxR.
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Abstract: We f o un d -gubuaitcontaiing GAB&r ecept or aRs inJ6 GABA

of

trigeminal gangl i a ( TGaR pasitive allbstenc enodulaarsgf PAMS) i n c e

attenuated the activation of thregeminovascular (TGVS) system in a migraine model induced
by intracisternal injection of capsaicin (Lee et al., SFN2018 poster). Here, we further evaluate



t he pot ent i\RIRAMDIM midiah&StreBment in a clinical presentation align animal
model,the repetitive nitroglycerin (NTG)nduced migraine model in mice since NTG can
trigger migraine in human migrainer. NTG (10 mg/kp,) was injected into mice {8 weeks,

male ICR) every two days for 5 sessions. The mouse grimace scale (MGS) wassased toe
severity of migraine. All five parameters of MGS in NTi@ated mice were significantly greater
than in salindreated mice. In the 5th session, Compound 6 (3 and 10 mg/kgan

U6 G A BRAselective PAM, injected 20 min after NTG adminiswatsignificantly attenuated

the elevated grimace score in the NTG group to the level as in thetsaéted group.

Importantly, this effect of Compound 6 was antagonizedmbynjection of furosemide (20

mg/ kg), aaR-stldtiveCaitBganist.

There are three trigeminal nerve branches from TG. In addition to the dural ophthalmic branch
(V1) that is involved in migraine pathogenesis, the maxillary (V2), and mandibular (V3)
branches are important for transmitting orofacial pain. We therefore alsseddbe effect of
Compound 6 in an orofacial pain model. Type Il dental pulp injury (DPI) in mice (8 weeks,
male ICR), which resembles irreversible pulpitis in humans and causes severe orofacial pain,
was induced by drilling their left maxillary first fess. The DPinduced orofacial pain in mice
was accessed by the reduction of their burrowing behaviors, which are indicatorstoéinegll

of mice. DPI significantly decreased the burrowing activity in mice on Day 1, 3, 7, but not Day
14. Ibuprofen (30 m@g, p.o) and Compound 6 (3 mg/kgp.) restored the burrowing activity

on Days 1, 3 and 7 to the level as in skgperated mice. These results support the effectiveness
of an WRSRAK B Animal models with clinical representations of migraine aofhoial
pain.

Disclosures:H. Tzeng: None.S.S. Ballon Romero:None.Y. Chen: None.W. Sieghart:
None.D.E. Knutson: None.J. Cook: None.L. Chiou: None.
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Title: U 6 G A BRAselective positive allosteric modulators: A novel pharmacotherapy for
neuropsychiatric disorders
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Abstract: Th e U6 -centaihingiGiIBAAr e c e pt o r gRsYake@uERIENAIN

cerebellar granule cells while their functions remained unclear due to a lack of selective ligands.
Recently, we identified several pyrazoloquinolinones to be positive allosteric modulators

( PAMs) s el eBAnRs¥?Bsing the ptbdtgoical Compound 6 (fi2029), we have

reveal ed that positi velaRs, viaattkoubtiaggranute cetl activiyb el | a
can rescue disrupted prepulse inhibition (PPI), which reflects sensorimotor gating deficits

manifested in several neuropsychiatric disorde@ampound 6 (3 and 10 mg/kigp.)

significantly rescued methamphetaminduced PPI disruption in mice. Importantly, this effect

was prevented by intreerebellariccb) mi cr oi nj ecti onABAAR f ur osemi de
antagonist, and mimicked by Re#55 13 and | or e c | fgRPAMsE hutnptbyvo U6 GA
di azepam (aR-imacty&bBrxdlidzepine). In the same animal model, we further

examined effects of Compound 6 and three other pyrazoloquinolinones, Conido(ihdll -

028), LAU159 and LAU463, as well as their methalguterated derivatives. All compounds,

applied at 10 mg/kg.p.) rescued methamphetamimeluced PPI disruption in mice with an

efficacy similar to Compound 6. These results indicate that mettiexterated derivatives of
pyrazoloquinolinones, which are less susceptible to metabadien@ethylatiort, retain thein

vivo efficacy in the PRHisrupted animal model. This suggests that deuterated

pyrazoloquinolinones with appropriate hhfes (913 hr)! are firstin-class drugable candidates

for treating sensorimotor gating deficits in neuropsychiatric disorders, including but not limited

to schizophrenia.

Knutson et al. (2018) Design and synthesis of novel deuterated GRBAJ6 subt yp e
functionally lective ligands with improved metabolic stability and enhanced bioavailability. J.

Med. Chem. 61:2422446.

Treven et al. (2018) Towar ds areoeptocstaiseriesofi sel ec
novel pyrazoloquinolinones. Br. J. Pharmacol. 175:428.
5Chiou et al . (20 1-®ntainidgGABA rededtoasr A nbvél therapéuticn i t

target for disrupted prepulse inhibition in neuropsychiatric disorders. Br. J. Pharmacol. DOI:
10.1111/bph.14198.
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None.
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Abstract: Migraine remains an unmet medical need. Its pathogenesis is attributed to activation

of the trigeminal v a ssoburit@mtainsnyGABA neceftoisGVS) . The
( U6 G ARs)Yare expressed in trigeminal ganglia (TG), the hub of the TGVS. Here we revealed

an unprecedent easimTGVRactvdtion UsnG el pharmacological

approaches in a migraine model induced by totséernal {.c.) instillation of capsaicin.

Capsaicini(c.) induced both central and peripheral TGVS responses in ratsalBerit

activated the trigeminal cervical complex (TCC), measured by the increased numib@sof ¢
immunoreactive (¢-osir) TCC neurons. Peripherally, it elevated calcitonin geslated peptide
immunoreactivity (CGRHYr) in TG and caused CGRP releasent sensory nerve fibers, which

was measured by the reduced length of C@RiBers, in the dura mater. Pharmacological
approaches included aaR-setediempdsitive allostere moduldtar e d U6 G
(PAM), the pyrazoloquinolinone Compounti# d i-dt esu t4edr at e d-OG-r i vati ve
Compound & t wo WReaGkeBPAMs (Ro18t 513 and | oreclaARzol e),
inactive benzodi az e p iRsselectivalantagpresp(farospmide)aamd aJ 6 GA B A



clinically effective antimigraine agent (topmate). Compound 6{B0 mg/kg,.p.) and 460
OCDsz-Compound 6 (30 mg/kg,i.p.) significantly attenuated the TCC neuronal activation and
TG CGRPRir elevation, and dural CGRP depletion induced.bycapsaicin. All effects of
Compound 6 were mimicked by R®4513, loreclezole and topiramate, but not diazepam. The
brainrimpermeable furosemide antagonized the peripheral, but not central, effects of Compound
6 a nrQCDACoOmpound6T hese results s ugRdgnelTstsamohehdiugt h e
targetformigai ne and t he paRisaeotived PAVSs as rfovellasti@raiBeA

agents.

IChiou et al . (20 1-@®ntainidgeGABA rededtoesr A nbvél therapéuticn i t
target for disrupted prepulse inhibition in neuropsychiatric disorders. Br. J. &w@rOl:
10.1111/bph.14198.

2Knutson et al. (2018) Design and synthesis of novel deuterated GRBAU6 s ubt ype
functionally selective ligands with improved metabolic stability and enhanced bioavailability. J.
Med. Chem. 61:2422446.
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Title: Aromaticdependent interactions control Kv1.1 voltagged potassium channel
conformational equilibria
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Abstract: We found in a young proband who displayed continuous myokymia, ataxic gait
episodes, motor incoordination and spastic skeletal muscle contractions, a novel heterozygous
mutation in theKCNA1lgene that etpdes the delayecctifier potassium channel Kv1.1. The
missense mutation causing debilitating symptoms involved a highly evolutionary conserved
aromatic norpolar phenylalanine at position 303. Using-siteected mutagenesis mutant and
wild-type KCNA1constructs were heterologously expressedenopus laevisocytes, after

which electrophysiological characterization followed. The mutation resulted in decreased Kv1.1
current amplitude, significant positive shifts of voltadgpendence, altered kinetids o

activation, deactivation and slow inactivation, and reduced window currents. We constructed a
model using rat Kv1.2 coordinates that shows the open channel structure may be stabilized by

Uueé



hydrophobic interactions. Substitution of the aromatic phenyladanith the smaller aliphatic

valine in the model revealed altered neighboring interactions important in keeping the channel
open. These findings suggest the bulky hydrophobic phenylalanine occupies a sterically confined
area that allows essential hydroplwinteractions and restricts conformational movements

towards channel closure. We propose the rigid phenylalanine at position 303 as-atatgpen
conformation stabilizing residue and aromattépendent interactions as a mechanism for the
fine-tuning of ®nformational equilibria in the Kv1.1 channel.

Disclosures:S.M. Hasan:None.T. Hunter: None.G. Hunter: None.M. Pessia:None.M.C.
D'Adamo: None.
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Title: Regulation of Eagl Kchannel biosynthesis by a RING E3 ubiquitin ligase

Authors: Y.-C. FANG?, Y.-L. GAN?, C-Y. TANG?, *C.-J. JENG
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Abstract: The Eagl K channel is a member of thther-a-go-go (Eag) potassium (K channel

that belongs to the superfamily of voltagated K channel. In mammals, the expression of Eagl
is largely restricted to the brain. Mutations in the gene encoding human Eagl (KCNH1) K
channel have been associated with the congenital neurodevelopmental disease®8amiipés
syndrome and Zimmermasiraband syndrome. Some of the diseassociated Eagl mutants
may manifest enhanced protein degradation. A dynamic equilibrium between synthesis and
degradation contributes to the proteostatic regulation"@hidnnels. However, little is known
about the molecules mediating protein synthesis and degradation of Eagiklsh To better
understand the physiological function of EaglcKannel, we study the molecular machinery
responsible for the ubiquitidependent regulation of Eagl hannels. By performing yeast
two-hybrid screening of a rat brain cDNA library, weidified a specific RING E3 ubiquitin
ligase, MKRNL1 (also known as RNF61), as a potential binding partner of Eagl proteins. We
have performed the éonmunoprecipitation, GST pullown assay, and immunofluorescence
staining to confirm the interactions beeveEagl and MKRNL1. The expression level of Eagl
proteins was significantly increased in HEK293T cells when using siRNA to knockdown the
expression of MKRN1. Immunoblotting analyses of Epgfiserevealed two protein bands that
correspond to fulland coreglycosylated channel proteins. Interestingly, whermexpressed

with MKRN1, Eagl displayed a third low moleculaeight band that was also be detected when



treated with the proteasomal inhibitor MG132. Deglycosylation treatment showed that the third
bandhad the molecular weight similar to the deglycosylated form of Eagl. Co
immunoprecipitation also indicated that MKRN1 interacted mostly with the immature Eagl at
the endoplasmic reticulum (ER). Moreover, MKRN1 overexpression enhanced Eagl
ubiquitination ad prevented protein maturation. Taken together, our data suggest that MKRN1
may contribute to the ER quality control of Eagl channels.
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Title: Kv3.3 channels regulate the formation of multivesicular bodies

Authors: *Y. ZHANG !, L. VARELA? K. SZIGETFBUCK?, T. L. HORVATH?, L. K.
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Yyale Univ. Sch. Med., New Haven, CiComparative Med3Yale Univ., New Haven, CT;
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Abstract: The voltagedependent potassium channel Kv3.3 is encodetddKCNC3 gene.

Human mutations in this gene result in Spinocerebellar ataxia type 13 (SCA 13), a condition
associated with cerebellar degeneration. We have found by el@tinumostaining that Kv3.3
channels are highly expressed in Purkinje cells of ¢éhebellum at locations where the plasma
membrane comes into close apposition with underlying mitochondria. We have also found that
depolarization of Kv3.3 channels directly activates Tank Binding Kinase 1 (TBK1), an enzyme
that plays a key role in the foation of multivesicular bodies, autophagy and mitophagy. A
diseasecausing mutation, G592R Kv3.3, produces enhanced TBK1 activation both in cell lines
and in the cerebellum of knogk mice bearing this mutation. By electron microscopy, we find
that the ehanced activation of TBK1 in G592R Kv3.3 kneickmice is associated with

increased numbers of intracellular multivesicular bodies, and increased levels of CD63, a
molecular marker for these structures. Mitochondrial function may also be impacted by the
mutation because levels of mitofuslnand mitofusir2, proteins that are required for fusion and
maintenance of mitochondrial structure, are altered in the mutant mice. Using cell lines
expressing the mutant channel, we have shown that the G592RiKg@®d multivesicular

bodies contain Hag, a protein essential for the survival of cerebellar neurons. Inhibition of
TBK1 in the cell lines prevents in increase in CD63 levels produced by the Kv3.3 mutation. Our



findings suggest that Kv3.3 channels are diyemtupled to pathways that regulate the

trafficking of proteins into multivesicular bodies. Moreover, diseasesing mutations of these
channels may promote the formation of autophagosomes and potentially trigger mitophagy of
mitochondria that are elocalized with the channels at the plasma membrane.
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Title: 1869 nm infrared laser pulses inhibit action potential firing and hyperpolarize the
membrane potential ipostnatal hippocampal neurons and neuroblastoma X glioma NGsL08
cells by modulating thermsensitive potassium channels
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Abstract: Infrared laser pulses (IRLPs) modulate the activity of excitable cells, making it a
potentially valuable tool for a variety of clinical applications. We rehawvn that 1869 nm

IRLPs can reversibly inhibit action potential (AP) firing in hippocampal neurons. One
explanation for this observation is that the IRLPs influence the activity of the ion channels
contributing to the APs. By applying the patdamp tetinique, we investigated the effect of

IRLPs on membrane potential and channel activity in hippocampal neurons. We found that while
IRLPs induce a depolarization of the plasma membrane of up to 18 mV and above the AP firing
threshold, the majority of hippampal neurons failed to fire synchronized APs. Moreover, when
APs were stimulated by voltaggep protocol, we observed complete inhibition of APs by 3 and
3.5 ms I RLPs applied at the beginning of the
ms sone AP recovery was observed, but with shorter duration or/and smaller magnitude. The
membrane depolarization induced by IRLPs was followed by a ldagtng hyperpolarization.

The hyperpolarizing current was voltadependent and blocked in neurons seresib low



concentrations of tetraethyl ammonium (TEA, 1mM), indicating the involvement of Kv3.1
channels, a thermgensitive potassium channel subtype. When K+ channels where blocked in
TEA-sensitive neurons, 3.5 ms IRLPs induced only a 3% reductiongnitade of the voltage
stepstimulated depolarization waveform, suggesting a relatively small effect on Nav+ channels
from IRLPs. Involvement of Kv3.1 was confirmed in NG108 cells, which primarily express

Kv3.1 channels, where IRLPs caused an instant patem of current when channels were

opened by a voltage (Vh) stimulus. The amplitude of the response depended on holding voltage
and was significantly decreased by 20 mM TEA.
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Title: Cooperative syaptic and intrinsic plasticity onto NAc D1MSNs drive depress$ike
behavior induced by aversive learning
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Abstract: Anhedonia and behavioral despair represent core symptoms of depression. While
these features are in part mediated by maladaptive neuroadaptation within the brain reward
circuitry, a comprehensive framework of how information flows through these nodes in
depression is lacking. Here, we show that aversive learning induces anhedonia and behavioral
despair. These phenotypes can be reversed independently by depotentiating the observed
increased synaptic strength of ventral hippocampus (VH) excitatory synapsé&slomedium

spiny neurons (D1RISNSs) in the nucleus accumbens shell (NAc), or by restoring depression
induced decreased potassium channel function in hyperexcitabld3N8. Moreover,

mimicking the observed decreased potassium channel function obskevexarsive learning

in DIR-MSNSs in naive animals is sufficient to drive depressive behavior. Finally, utilizing a
novel disconnection procedure, we demonstrate that strengthening of VH synapses and
excitability changes in DMSNSs induced by potassiumantmel dysfunction are serial processes
that promote anhedonia and behavioral despair after aversive learning. These results provide a



novel, cellular mechanism for decreased motivation and increased behavioral despair after an
aversive experience. They higght a previously unappreciated role for BMSNSs in driving

negative affective states, thus elucidating innovative targets for treatment of depression and other
psychiatric disorders characterized by negative affective states.
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Barker: None.R. Marino: None.S. Palma Ribeiro:None.J. Wu: None.Z. Cai: None.M.
Xue: None.M. Morales: None.A. Bonci: None.

Poster

558. Potassium Channels

Location: SDCC Halls BH

Time: Tuesday, November 6, 2018, 1:00 PBt0O0 PM
Program #/Poster #:558.08E7

Topic: B.04. lon Channels
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independently regulates surface expression and the biophysopa&irties of the Aype
potassium current4)
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Abstract: Small ubiquitinlike modifier (SUMO) is a ~100 amino acid peptjoest

translationally added to lysine (K) residues on target proteins to alter their godésm

interactions. SUMOylation can occur in an activtgpendent manner, and ion channel

SUMOylation can regulate surface expression and biophysical prop&hese data suggest

that dynamic SUMOylation could mediate activitgpendent regulation of ionic currents. The
voltagegated potassium channel Kv4.2 mediates thHgp® potassium currenty, We are

examining the role of Kv4.2 channel SUMOylation. Immurempitation followed by western

blot experiments showed that Kv4.2 channels were SUMOylated in the rodent CNS and in a
human embryonic kidney (Hek) cell line stably expressing a-tagged Kv4.2 channel (Hek

Kv4.2g). Transiently cotransfecting Hé&k4.2g cells with plasmids encoding SUMO and the

SUMO conjugating enzyme, Ubc9, produced a significant 35% increase in Kv4.2 SUMOylation
(p<0.05 ttest) and a significant 27% reduction ynhaximal conductance (§ax) as measured

with whole cell patch clamp reatdings (34.75+2.65 vs 25.45+2.24uS p<0.05 MWU).

Surprisingly, the conductance decrease was accompanied by a significant 78% increase in Kv4.2
channel surface expression as determined with biotinylation experiments (0.80£0.09 vs1.42+0.28
p<0.05 MWU). Predigbn software identified two higprobability SUMOylation sites on the

Kv4.2 channel, K437 and K579, and we surmised that they had opposing functions in Hek cells.
We tested this by mutating one or both sites: K437R and K579R. Preliminary data showed that
mutating both sites abolished the 35% increase in Kv4.2 SUMOylation elicited by transient



overexpression of SUMO and Ubc9. When one site was mutated, the 35% increase was reduced
to ~16%. These data suggest that both predicted sites can be SUMOylateste@Gowsth our
hypothesis, SUMOylation at each site produced a distinct effect. Transient overexpression of
SUMO+Ubc9 in Hekkv4.2g K579R cells still produced the increase in Kv4.2 surface
expression (1.0+0.19 vs 1.9+0.37 p<0.@8st) but not the decream In Gmax In fact, increased
SUMOylation now elicited a mean increaseArGmnax consistent with augmented surface
expression (27.6 vs 36.2uS p=0.17). We are currently examining the propertieskv4ag
K437R. Preliminary data suggest that the maortaprevented the increase in surface expression
elicited by transient overexpression of SUMO+Ubc9 (1.00 vs 1.027 n=1), but we have not yet
examined A Gmax In sum, Kv4.2 channel biophysical properties and surface expression can be
independently reguladeby SUMOylation of the channel at two distinct sites.
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Title: Resistance to chronic stress by GABAergic regulation via TREKannel
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Abstract: Exposure to chronic stress is responsible for many psychiatric diseaseassuc
depression, anxiety, and reduction of social ability. TREKas been believed to play an

important functional role in mood regulation, as already known that FREKockout (Kcnk2-

/-) mice showed a depresstogsistant phenotype. TREK|ocalized wih GABAergic

interneuron in mouse hippocampus. Particularly, in the temporal DG(Dentate gyrus), a sub
region related to stress response and emotion. However, TIR&EK i nvol vement i n
regulation under chronic stress has not been studied. we ndageession model in TREK
Knockout (KO) and Wild type (WT) littermate control mice, and depression validation was
performed through a forced swim test (FST), a tail suspension test (TST) and social interaction
behavior After 21 days of stress, social iat¢ion was reduced in WT stressed mice, whereas

the TREK1 KO stressed mice showed increased social interaction significantly. These findings
suggests that TREK may be involved in the inhibitory regulation of social behavior circuits as
well as the demssion resistant phenotype.
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Abstract: The hippocenpus is an essential brain structure for learning and memory processes.

Its correct performance relies on the balance between excitatory/inhibitory synaptic transmission.
G proteinactivated inwardly rectifying potassium (GirK) channels regulate neurgoihbility

by mediating inhibitory effects of different G proteinupled receptors. Activation of GirK

channels induces neurons to hyperpolarize, compensating neuronal excitation excess. In addition,
they are constitutively active contributing to restaognductances. Recent evidence shows that
GirK-dependent signal is altered in pathologies related to excitatory/inhibitory neuronal activity

i mbal ances, such as Down syndrome, epilepsy,
examined the role of Girlepemlent signalling in the mouse dorsal hippocampus at different

levels of complexity (synaptic, network and behavioral) and its relevance in the maintenance of
normal cognitive functions. To reach that objective, Gildkpendent signal was

pharmacologically mdulated by specific drugs, the GirkK opener ML297, and the blocker
TertiapinQ. In vitro, we studied in dorsal hippocampal slices, the effect of @eendent

signalling modulation on LTP induced in CA1 by Schaffer collaterals stimuldtionvo, we

performed acute intracerebroventricular injections of GirK specific drugs and studied: 1) at the
synaptic level, I/0O and PPF protocols in GB3A1 synapse, 2) at the circuit and network levels,
oscillatory properties of CA1 region and LTP induction in @G&&1 synapse and 3) at the



behavioral level, learning and memory capabilities during open field and object recognition tests,
both dependent on CAGBA1 synapse. Our data shows that an imbalance of-Gagéndent

signalling, whether caused by increased or deetkastivity of the channel, results in

abnormalities on neuronal excitability, LTP and oscillatory rhythms recorded froriG2A3
hippocampal synapse. These effects are accompanied by learning and memory impairments in
behavioral tasks. Taken together, cesults suggest that GirK channels are necessary for normal
hippocampal activity at synaptic, neural network and behavioral levels and an accurate control of
its activity must take place in the hippocampus to sustain cognitive faculties.

STC, ISR, SD conibuted equally. ISR, MONM, AM held fellowships from UCLM Plan Propio
Program.
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Title: Characterization of Kir channels in neurovascular pericytes in the brain
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Abstract: Pericytes are one of the most important component of neurovascular units and are
essential in angiogenesis, blebdiin barrier formaon, and blood flow regulation. Pericytes can
be identified by expressing different molecular markers, such as fFfDGSNA, CD13,

desmin and nervglia antigen 2 (NG2 / CSPG4)Interestingly, NGaylia as the fourth type of
macroglia which are broadbistributed in the white and grey matter in the central nervous
system (CNS), also express the pericytic specific marker NG2. Our previous study has shown
that NG2glia exhibit very hyperpolarized resting membrane potentials (RMPs) ar8QmdV

which is dose to the K equilibrium potential (k) and this hyperpolarized RMP is largely due to
the high expression of inwardly rectifying ikhannels subtype Kir4.1. However, compared with
NG2-glia, our recent data has found that the neurovascular pericytemhakedepolarized

RMPs which isaroune6 0 mV . l'tos well known that Kir4.

1

C



play an important role in the maintenance of RMP and extracelltilaptake in the CNS. In
addition, Kir channels are also reported to be exptesssmooth muscle cells (SMCs) as well

as in pericyte$?. However, the functions of Kir channels in pericytes are largely unknown. To
explore what is the major subtype of ghannel contributing to a depolarized RMP in pericytes
and what is the physiogical relevance underlying, we will combine RNs&(q transcriptional
analysis with electrophysiological patch recordings technique obtained from NG2DsRed
transgenic mice. In this poster, we will present the characteration and functidcluditels
espeally Kir channels in neurovascular pericytes. This study will reveal a potential significance
of how pericytes expressing Kir channels integrate into the maintenance of the BBB homeostasis
in the brain.
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Title: Seizure induces Kv4.2 phosphorylation by p38 MAPK
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Abstract: Kv4.2 is the main Atype voltagegated potassium channel in hippocampal CA1
pyramidal neuron dendrites. Their currents play an important role in regulating the back
propagating action potentials and limgithe propagation of local dendritic spikes. Kv4.2
control of dendritic excitability impacts neuronal plasticity and contributes to learning and
memory. Thus, it is important to know how Kv4.2 is regulated. Previous findings showed that
Kv4.2 can be phosphylated at T602, T607 and S616 by ERK in vitro. However, how
phosphorylation is regulated and the identity of the prafinected kinase us unknown. Here,

we report that Kv4.2 is dynamically phosphorylated at T607 in mouse brain. We first



characterizedpecific antibodies against phosphi802 and phospher607 using Kv4.2

mutations expressed in HEK293T cells. Kv4.2 phosphorylation at T602 and T607 were increase
when ceexpressed Erkl suggesting that Erk1l can phosphorylate the two sites. However, the
increase was small, which leads us to consider other kinases that could phosphorylate these two
sites. We cdransfected Kv4.2 with other prolirtirected kinases such as CDK5, GSK3B and

P38 in HEK293 cells and found that P38 had the largest effect. Intghgstrpoint mutation of

P38 which abolished P38 kinase activity largely blocked Kv4.2 phosphorylation suggesting P38
is the main kinase responsible for T602 and T607 phosphorylation in HEK293T cells. We found
that P38 binds to Kv4.2, supporting this idearthermore, we found that both P38 activity and
T607 phosphorylation of Kv4.2 was induced by seizure that is triggered by pentylenetetrazol
(PTZ) administration, while T602 phosphorylation remained unchanged in mouse brain.
Interestingly, P38 inhibitor B203580 administration blocked PA#duced Kv4.2

phosphorylation at T607 site in mouse hippocampi. Taken together, these data show that P38
phosphorylates Kv4.2 at T607 in mouse hippocampi after seizure induction suggesting that
Kv4.2 phosphorylation maylgy an important role in its pathophysiology.
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Abstract: Kir4.1, a gliatspecific inwardly rectifying potassium channel, is essential for

astrocytic maintenance of K+ homeostasis. Underscoring the role of Kir4.1 in CNS functioning,
genetic mutations in Kcnj10, the gene which encodes the Kir4.1 protein havienkedrio

seizures, ataxia and developmental disability. Furthermore, numerous studies consistently
demonstrate reduced levels of Kir4.1 protein and mRNA expression in multiple injury paradigms
and disease models, typically accompanied by reactive ghsige reduced Kir4.1 protein and
MRNA expression is a common observance in CNS insult, it is unclear what molecular
mechanism/s govern this process. Utilizing a pilocarpine model of status epilepticus in adult rats
we demonstrate Kir4.1 protein is sigodntly reduced as early as 24 hours {status. This
downregulation persists though 30 days, the last time point examined. A concomitant loss of
MRNA was observed at all time points examined, suggesting a transcriptional mechanism of



regulation. Using aitferent injury paradigm, a fifth cervical (C5) vertebral hezontusion

model of spinal cord injury, we observed similar results. Previous work by our group revealed
the DNA methylation status of the Kcnj10 gene functions to regulate developmentalTevels.
analyze the role of DNA methylation in injury, studies were completed in the hippocampus and
in isolated astrocytes after SE. Here we demonstrate hypermethylation of 7 CpG sites in CpG
Island 2 in both the SE and SCI models. In contrast, our previotsimdicates during
development when Kir4.1 expression increases this region demonstrates significant
hypomethylation. Our results suggest that bidirectional modulation of methylation may function
to modulate Kcnj10 gene transcription. DNA methylation megpresent a candidate mechanism

to rescue astroglial Kir4.1 expression following CNS insult providing therapeutic benefit.
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Abstract: Neuronal KCNQ/K7 channels composed of KCNQ2/K2 and KCNQ3/K7.3

subunits are voltaggated potassium channels that potently inhibit neuronal excitability. Close to
200 mutations in KCNQ2 and KCNQ3 genes are associated with neonatal epilepsy in humans
including Benign Farfial Neonatal Epilepsy (BFNE) and Epileptic Encephalopathy (EE)
(rikee.org). In particular, EE patients show refractory seizures and severe behavioral
comorbidities including developmental delay, psychomotor retardation, and autism. Currently, it
remainsunknown whether these mutations are randomly distributed throughout the coding
region of K/7.2 and K7.3. In this study, we analyzed 177 KCNQ2 and 14 KCNQ3 missense
epilepsy mutations using nonrandom mutation clustering (NMC) and resampling statistical
methods. Nonpathogenic missense mutations and silent mutations were used as negative



controls. These analyses revealed that KCNQ2 mutations are more likely to locate in the voltage
sensing S4 transmembrane domain, the pore loop and S6 that control ion piyesllx B in

the intracellular @erminal tail that mediates calmodulin (CaM) binding, and hel@ Enker.

When mutations are analyzed based on the severity of outcomes, EE mutations are more
concentrated in the same hotspots whereas BFNE mutdtamst exhibit any enrichment.

Mutations in KCNQ3 are enriched in pore loop and helix A. For characterization of mutation
hotspots, we selected EE mutations including L203P in S4, L268F in the pore, K524T and
R525L in helix B. K524T and R525L decrease aghlGand C&-CaM binding. All 4 mutations
decrease channel expression at the membrane surface. The pore mutant L268F nearly abolishes
the enrichment of the channel at the axon initial segment (AIS). Furthermore, we demonstrated
that L203P induces rigtghift voltage dependence, while K524T and R525L disrupt PIP
dependence with electrophysiolgy. Altogether, our results reveal the hotspots of pathogenic
epileptic mutations in KCNQ2 and KCNQ3. Current efforts include systematic analyses of
mutations within thénotspots to predict the functional and clinical outcome of the mutations.
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Title: Neurocalcin delta translocation is not dependent on its dimerization
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Abstract: Similar neuronalCdis ensor ( NCS) proteins, Neurocalc
Hippocalcin (HPCA), control many neuronal functions via their differentidf-@apendent

translocation from the cytosol to the plasma membrane. Our preliminary results indicate that in
solutions C&-bound HPCA is mainly present as a monomer whig-8aund NCALD exists

as a homodimer. Besides, three AA that are critical to the formatitve dlfitner interface of

NCALD were identified in biochemical experiments. However, the functional consequences of



NCALD dimerization have never been studied in cellular systems. We suggested that disruption
of NCALD dimerization would result in its transldgan to the plasma membrane that is similar

to one for HPCA. To test this hypothesis, we developed a set of NCALD mutants having single,
double, and triple point mutations disrupting dimerization interface of NCALD, tagged them by
fluorescent proteins armb-expressed paired wise NCALD and HPCA or one of the NCALD
mutants in cultured rat hippocampal neurons. Fast depolarizationed [C&']; transients led to

the very different time courses and amplitudes of HPCA and NCALD translocation to the plasma
membyane. Surprisingly, all NCALD mutants did not reveal a significant differencean Ca
dependent translocation compared the wild type NCALD. Even a triple NCALD mutant, which
revealed HPCAike monomeric behavior in the biochemical experiments, demonstratsigns
resembling HPCA translocation in the cellular system. We conclude that in the cellular system
Ca*-bound NCALD promptly translocates to the plasma membrane before it can be dimerized
in the cytosol. Thus, dimerization of NCALD revealed by itstalystructure is not important for

this protein translocation in native cellular systems.
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modulation on bladder output
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Abstract: Kv3 channels are voltaggated potassium ion channels that are highly expressed in

the brain and important in neuronal firing and synaptic transmission (Rudy et al., 1999).

However, in some brain regions, Kv3 channel expresseoneases with age with functional
consequences (Zettel et al., 2007). Kv3 channels are also expressed in the spinal cord (Deuchars
et al., 2001) but little is known about their role in spinal circuitry and whetheretefed

changes are also observedeéhd o investigate this, we studied the expression of Kv3 subunits in
spinal circuitry that underlies bladder function, and the effect of AUT1, a novel modulator
selective for Kv3 channels (Alvaro et al. 2011), on bladder function. Parasympathetic



pregangbnic (PGN), sympathetic preganglionic (SPN) and ddéaseral nucleus (DLN)
motoneurones were retrogradely traced with fluorogold (1%, i.p). 3 month (n=3) and 28 month
(n=3) C57bl6 mice were anaesthetised intraperitoneally (i.p.) with 60mg/kg pentobeasbito
perfused transcardially and fixed with 4% paraformaldehyde. Lumbosacral spinal levels (L1, L6
and S1) were dissected, sectioned to 20 um and processed for double labelling
immunohistochemistry of Kv3 subunits, Kv3.1b and Kv3.3, with inhibitory synamtikers,

VGAT and GlyT2, and excitatory synaptic marker, VGIuT2. 3 and 20 month mice were given
vehicle or AUT1 (30 mg/kg, 60 mg/kg, i.p.) and their behaviour (micturition and locomotor
activity) was recorded in metabolic cages over a 3 hour period. #iv&g around bladder
motoneurones in the lumizsacral spinal cord elmcalised with both excitatory and inhibitory
synaptic immunoreactivity. In a comparison of young and aged mice, the number of Kv3 puncta
around motoneurones was significantly reducedN\PKv3.3; Ind. Equ. ftest, young, 57.67

16.5 vs aged, 49.26 + 14.3, p<0.01, PGN, Kv3.3; Ind. Egasfl young, 67.18+ 14.8 vs aged,

43.8 £ 15.47, p<0.001, SPN, Kv3.1b; Ind. Unequesdt, young, 124.4 + 27.0 vs aged, 87.7 +

36.5, p<0.001. Data as mearsEM). AUTL1 treatment produced an acute dose dependent
reduction in bladder output (60mg/kg, 100%, p<0.05; 30mg/kg, 42.3%, p<0.05) and reduced
activity (recorded by a sedation rating scale and video tracking software). We hypothesise that
the reduced Kv@xpression observed in aged mice may have a functional significance within
bladder circuitry and on the bladder reflex. Furthermore, the reduction in bladder output
produced by AUT1 may have therapeutic relevance taelgeed conditions such as nocturia
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Abstract: There are fundamental differences betwi#enimmature and the mature brain

resulting in a greatly increased risk of seizures in infancy and early childhood. We used
heterogeneous cultures of rat CA1 hippocampal neurons to investigate the maturation of the
action potential and excitability as wal the contribution of Gaactivated K channels to these
biophysical characteristics. Whetell patch clamp recording in the current clamp configuration
was used to study action potentials and excitability. Single action potentials (AP) were evoked
bya 0.1 ms, 8 nA current and AP trains were evoked by 100 ms depolarizing pulses. The mean
action potential duration, represented by spike width atdmaflitude, decreased from

3.43£0.12 ms (22 animals, 133 cells) in cells frof day old pups to 2.65+MIms (23

animals, 144 cells) in cells from) day old pups (p<0.001). Excitability of neurons, measured

by the maximum number of APs that could be evoked by a 100 ms depolarizing pulse, increased
between these age ranges from 2.00+0.10 (22 animalsgll§)itoc 2.86+0.13 (23 animals, 150

cells; p<0.001). These data may represent a maturation of inhibitory circuitry that can better
coordinate hippocampal outputs and reduce seizure risk. As BK currents have been implicated in
seizure susceptibility, we alyaed APs in cells treated with the BK antagonist Iberiotoxin

(IbTx). Recordings were taken before, during, and after 100 nM IbTx perfusion and the drug
effect was calculated by comparing the values during drug treatment to the average of the values
beforeand after treatment to account for rundown effects. IbTx decreased action potential
duration by 0.74+0.15 ms in cells frorb3day old pups (5 animals, 38 cells) but only by

0.22+0.06 ms in cells from-8 day old pups (5 animals, 41 cells; p<0.002). Th& @ctivated

K* channels SK and KCNQ also significantly contributed to AP kinetics but did not exhibit
significant agerelated changes in their effects so the difference in BK effect is likely not due to
unrelated changes in AP kinetics. Preliminary dietan voltage clamp recordings suggest that

the BK component of the total'Kurrent halves from day 5 to day 8. Our data demonstrate that
action potential durations shorten and excitability increases in a heterogenous population of
hippocampal neurons ihé early postnatal period. We also demonstrate that contributions of BK
channels to total Kcurrents and the action potential waveform decreases during this period.
These results suggest that reduced excitability of inhibitory neuron populations aadeddB
currents may underlie seizure susceptibility in infants.
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Title: Mechanisms of suppression by the amyloid peptide fragmefi2sahd 2535 on Kv1.1
channel activity
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Abstract: The beta amyl oid peptide (Ab) has | ong be
pathology. Past studies have linked its involvement in the disruptior?dbh@meostasis,

synaptic communication, and lotgrm potentiation (LTP), but the underlying mechanism(s) is

still largely unclear. Because Kv1.1 and related channels are activated during an action potential,
regulate depolarization €ainflux, and inhibiton of Kv1 channels can be neurotoxic, we

s pecul atsgpression of KA bhannels may be early targets in AD pathogenesis. Using
murine Kv1.1 channels expressedXienopusoocytes, we have observed the effects of both

Ab¢(12) and t he 2536)or beth maereapdtmicaseopiC currents. Both the

bath appli<dat)i am-B5) praddcRd4B0% suppression of macroscopic

Kvl.1 current within 30 m:42)Wiseartially gependergteni on of
intracellular C&" and PP2B, being reduced by ~50% when cells were loaded with BARMA

or exposed to the PPZBhibitor cyclosporine A (CsA). Patehl amp resul ts sugges
suppression of Kv1.1 involves both PR@Bphosphorylation and direct protgirotein

interactond Ab with Kv1. 1 c¢hann e-toutssmgleKulnliintrigpedffExX p o s u
oocyte patches to application of purified, catalyticaityive PP2B produced gradual reductions

in p(open), followed by the abrupt disappearance of Kv1.1 activity. Agplican of Ab t o t
intracellular face of Kv1.1 channels also produced dramatic reducti@ispen). To better

study the direct interaction between Ab and K
which have more stable preparations and easier atcbegh intra and extracellular faces of

the channel compared to dopypt enep &ibpesposutldd MR b5 n g
eliminated Kv1.1 channel activity when applied to the intracellular face. Experiments are

currently underway looking ahte ef f ect s of Ab on Kv1l.1 channel
Membrane (BLM) apparatus. Suppression of Kv1.1 and relatedh&nnels presynaptically

could lead to larger and longer action potentials, allowing more influx 0f Dareased release

of glutamate, and possibly the beginning of a disruption éf B@meostasis. Postsynaptically,

the increased glutamate release, through activation of AMPA and NMDA receptors, may

contribute to excitotoxicity.
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Abstract: KCNQ2/3(M-channel) current maintains homeostatic control over neuronal firing and
excitability. Classically, Mchannels have been characterized by sensitivity to suppression by
Gacoupled muscarinic acetylcholine receptor stimulation due to intracellular meriR2e
hydrolysis. The muscarinic signaling plays important functional roles in modulation of neuronal
excitability. We investigated the neuromodulatory effects of muscarinic receptor stimulation on
hippocampal Mcurrents irdepth.

Patchclamp electrophysiogy recordings were aquired from mouse dentate gyrus granule cells
(DGGCs) and CA1 pyramidal neurons in brain slice. Stimulation of M1Rs witiséNctive
allosteric agonist 77LH281 resulted in surprising and significant enhancementwiémt in
DGGCs,however CA1 neurons exhibited muscarimduced suppression of&urrent. We also
observed significant increase to GIRK current acting as a a PIP2 biosensor, supporting our
hypothesis that in DG, net intracellular PIP2 was increased afteo@ged musarinic

stimulation. The PIP5 kinase inhibitor UNC3230 was included to block PIP2 synthesis, and M1R
stimulation then suppressed®drrent in DGGCs. KCNQ2 knockdown in DG ablated the
muscarinic receptedependent enhancement ofddrrent. Furthermore, theeneffect of

muscarinic stimulation was an increase in action potential firing frequency, despite enhancement
of M-current. We found intracellular Ca2+ signals were robustly increased in DGGCs after
muscarinic stimulation, as detected with a calcium sahgarincreased Ca2+ was dependent on
TRPC channel activation of neuronal excitability, as TRPC blockers ablated excitability and
Ca2+ increase. Interestingly, activation of TrkB receptors also enhancedr&ht via

PLCgamma activity in DGGCs.

We describaovel muscarinic receptanduced effects on neuronal excitability in the DG
involving a heretofore undiscovered, eglpe specific role of Mchannel neuromodulation.
Muscarinic receptors may serve a wider and more complex role in governing hippocampal
excitability through cholinergic signals. These novel findings in DG suggest an entirely different
relationship between muscarinic receptors, PIP2 availability, astdvinels than found in
peripheral sensory neurons or other glutamatergic CNS neurons.
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Title: Deletion of KCNQZ2/3 potassium channels from PV+ interneurons leads to homeostatic
potentiation of excitatory transmission
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Abstract: Potassium channels play important roles in a range of cellular physiological processes
in normal brairfunction. KCNQ2/3 channels, in particular, have arisen as critical regulators of
neonatal brain excitability. Highlighting the importance of these channels, a growing number of
lossof-function (LOF) and ganof-function (GOF) variants RCNQ2andKCNQ3have been

reported in patients with severe neonatal and infantile epileptic encephalopathy. The main
features of KCNQ2/&associated epileptic encephalopathy are progressive cognitive deterioration
and early onset of a severe seizure disorder that doesspohceto most anticonvulsant drugs.

In contrast to the wealth of knowledge on KCNQZ2/3 channels functioning in excitatory neurons,
the roles of these channels in interneurons is still unclear. This is a major gap in our knowledge
as interneurons play a ¢cal function in shaping the activity of neuronal populations and
promoting the development of excitatory synaptic circuits. KCNQ2/3 channels have been
associated primarily with neurons that undergo pronounced spike frequency adaptation, a feature
not tradtionally associated with interneurons. However, using microscopy and more recently
single cell exome sequencing, KCNQ2/3 channels have been detected in cortical interneurons
such as parvalbumin (PVand somatostatin (SSppsitive interneurons. Here, ligingex vivo

andin vivo electrophysiology show that deletionkéng2/3channels from parvalbumin, but not
somatostatin, interneurons increased their excitability, leading to elevated inhibitory transmission
and homeostatic excitatory drive potentiatiofCA1 pyramidal neurons. Additionallf,V-
Kcng2null-mice showed increased seizure susceptibility, suggesting that decreases in KCNQ2/3
activity in interneurons remodels excitatory networks, providing a previously unrecognized
function of KCNQ2/3 channels the brain.



Disclosures:H. Soh: None.S. Park: None.K. Springer: None.K. Ryan: None.A.
Maheshwari: None.A. Tzingounis: None.

Poster

558. Potassium Channels

Location: SDCC Halls BH

Time: Tuesday, November 6, 2018, 1:00 PBt00 PM
Program #/Poster #:558.19E20

Topic: B.04. lon Channels

Support: BRFSF_2018)5
NIH P20 GM113132

Title: The action potential as a modulator of synaptic transmission
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Biol., ?Biol. Sci., Dartmouth ColHanover, NH

Abstract: Individual presynaptic terminals often behave differently to electrical stimuli in terms
of vesicle fusion probability. The probability of vesicle fusion or synaptic strength of a terminal
can be modulated by many factors includingigie pool dynamics and fusion machinery, as

well as the properties of voltage gated calcium channels. It is often assumed that the electrical
inputs are digital in nature and that individual synapses along an axon receive uniform action
potential waveform. However, recent experiments have called this observation into question for
many central neurons. Action potential broadening is one of the most classically observed
phenomena during various stimulation protocols, yet it is unclear how this broadeersg al

vesicle fusion and release of neurotransmitter. This is primarily due to the small asize of
passantentral neuron synapses which are not easily accessed by classic electrophysiology. Here
we provide the first simultaneous quantitative measureno¢piesynaptic action potentials,

calcium influx and exocytosis ien passansynapses using genetically encoded fluorescent
indicators in cultured hippocampal neurons. We combine these measurements with genetic and
pharmacological manipulations to undarst how changes in action potential waveform shape
alter presynaptic transmission. Inhibition of Kv1s, one of the predominant voltage gated
potassium channels found in these synapses, results in a predictable increase in action potential
amplitude and fullvidth at half maximum. Interestingly, we found only excitatory cells rely on
Kv1l channels to modulate the presynaptic action potential waveform. Further, action potential
broadening results in an uncoupling of the classically defined relationship betesele fusion
probability and net calcium influx, with an enhancement of neurotransmission over what is
predicted. To determine the mechanism behind this phenotype we restricted the size of
presynaptic calcium microdomains using the calcium chelator E&Aound no effect on the
percent change of vesicle fusion, indicating the radius of microdomains are not responsible for



the increase in fusion with action potential broadening. Our results suggest that modulation of
the action potential waveform is awerful modulator of synaptic strength.
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Title: A Drosophilamodel of essential tremor
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Abstract: Essential Tremor (ET) is one of the most common neurological diseases, with an
estimated 7 million affected individuals in the US; the pathophysiology of the disorder is poorly
understood. Recently,endentified a mutatiorKCNS2(Kv9.2), ¢.1137 T>A, p.(D379E) in an
electrically silent voltaggated K¢ h a n +sublinitk9.2 in a family with ET, that modulates

the activity of Kv2 channels. We have produced transderosophilalines that expressthier

the human wild type Kv9.2 (hKv9.2) or the ET causing mutant Kv9.2 (hKR329E) subunit

in all neurons. We show that thehKv9.2 subunit modulates activity of endogermaephilaK™
channel Shab. The mutant hKvaD379E subunit showed significantlygher levels of Shab
inactivation and a higher frequency of spontaneous firing rate consistent with neuronal
hyperexcitibility. We also observed behavioral manifestations of nervous system dysfunction
including effects on night time activity and sleep.srhinctional data further supports the
pathogenicity of th&CNS2(p.D379E) mutation, consistent with our prior observations

including cesegregation with ET in a family, a likely pathogenic change in the channel pore
domain and absence from populatiorathaises. ThBrosophilahKv9.2 transgenic model
recapitulates several features of ET and may be employed to advance our understanding of ET
disease pathogenesis.
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Title: Organization of C& and lipid signaling domains by the Kv2 family of voltagated
potassium channels
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Abstract: Voltagegated potassium (Kv) channels play diverse roles in regulating neuronal
excitability. Of these, Kv2.1 and Kv2.2 are robustly expressed as mszed plasma

membrane (PM) clusters on the soma, proximal desjiand axon initial segment of most brain
neurons. These Kv2 paralogs are distinct in their cellular expression patterns, extent of multisite
phosphorylation, and responses to stimuli that trigger phosphorytigpendent changes in the
localization ad voltage activation of Kv2.1, but not Kv2.2. The clusters of Kv2.1 and Kv2.2 are
found at endoplasmic reticulum (ERM junctions (EPJs), and we have recently demonstrated
that organization of EPJs is a conservedlaomh fidenonconducting function of tth members

of the Kv2 family (Kirmiz et al., 2018. bioRxviv 10.1101/296731). As such, Kv2 ion channels
are the first family of PM proteins whose expression is sufficient to govern organization of these
membrane contact sites. EPJs in diverse cell tymekrawn to participate in Gasignaling

[e.g, excitationcontraction coupling in striated muselia the association of PM-type C&*
channels and ER ryanodine receptors (intracelluldf @& ease channels)] and/or regulation of
lipid trafficking/metalmlism (e.g, regulation of phosphatidylinositdtphosphate levels by

Sacl). Kv2containing EPJs are also defined by the presence of vesicle associated membrane
proteinassociated proteins (VAPS). VAPs are known to participate in regulation of lipid
metabdism in cultured mammalian cells, and Kv2 clusters often colocalize with RyRs in
cultured hippocampal neurons, raising the question as to whether EPJs mediated by the Kv2
family have the capacity to function in dual capacities as distinct sites of lipid
metabolism/trafficking and G4 signaling. Here, using total internal reflection fluorescence and
conventional fluorescence microscopy of cultured rat hippocampal neurons and heterologous



cells, we investigated the potential role(s) of Kassociated EPJs siges of lipid
metabolism/trafficking and Gasignaling. We found that expression of Kv2 channels is
sufficient to reorganize/recruit-type C&" channels, as well as proteins involved in lipid
metabolism/trafficking including Sacl and PITPNM1/Nir2, BJ8 organized by Kv2 channels.
We also found that4type C&" channelmediated C& responses are enhanced in cells
coexpressing either conducting or nonconducting isoforms of Kv2.1. Our findings suggest that
these abundant neuronal Kv2 channels can infledipid trafficking/metabolism and €a

signaling in brain neurons via a noanducting function that is dependent on their ability to
organize EPJs.
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Abstract: Endoplasmic reticuluaplasma membrane junctio(iSPJs) have long been assumed
to serve critical roles in modulating neuronafCeandling, as sites with enhanced expression of
Ca&* channels and pumps. The voltage gatédhannels Kv2.1 and Kv2.2 are prominent
constituents of neuronal EPJs, facilitgtime spatial concentration oftipe C&* channels
(LTCCs), ryanodine receptors (RyRs), and'Gaoreregulated PM Orail channels (Kirmiz et

al., 2018. bioRxviv 10.1101/296731). Although these observations suggest a role for Kv2
channelassociated EPJs neuronal C& handling, their participation in Gasignaling events

has not been demonstrated. This is an important question, as autosomal ddenmat
mutations in Kv2.1 that disrupt Kv2.1 clustering at EPJs are associated with severe neurological
disorders. Here, we have visualized distinct'Gaynaling events at neuronal Kv2 channel
mediated EPJs. We used genetically encodédifdicators (GECIs) fused to conducting and
nonconducting Kv2 channel isoforms or to the Kv2 auxiliary subunit AMIGO1 to imagjeaCa
these sites in cultured rat hippocampal neurons. We found that Kv2 cinaedieted EPJs are



sites of C&" entry during ¢pbal C&" influx events. We found that in addition to these global
events, C# transients consisting of rapid and often stochastic spikes occurred at a subset of
individual Kv2-containing EPJs. These transients at individual-Ee@taining EPJs occurred
independent of one another, even at junctions located <1 pm away from one another, such that
the spatial extent of the €aransients was confined within individual Kv2 channel clusters. The
frequency and amplitude of these locafQeansients were seitise to membrane potential
depolarization, nimodipine, caffeine, and thapsigargin, implicating the involvement of LTCC and
RyR-mediated C&-induced C#& release. Moreover, following global €antry, C&* was

cleared more quickly within a Kv2 channelister than in regions outside of clusters.

Importantly, we determined that Kv2.1 channel conductance was not necessary for the
occurrence of Kv2 channel clustassociated spontaneous’O@ansients, as neither their

frequency nor their amplitude differéde t ween neur ons -teyxpperoeGEW 2n.gl t h €
or a noRK *-conducting Kv2.1 pore mutant (P404A@ECI. Together these findings demonstrate
that KvZchannel mediated EPJs are sites of distinct and compartmentalized neufénal Ca
signaling events witbinique C&" handling properties. Our findings further support a critical role
for EPJs in neuronal €ahandling and demonstrate an important function for Kv2 channels in
this process.
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translation
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Abstract: The Slack ion channel is a member of a family of large conductance sadtivated
potassium channels. It is expressed predominantly in neurons of the central nervous system
where it regulates neuronal etetiility. FMRP, an important regulator of mRNA translation,

binds both Slack mMRNA and the Slack protein. The association of Slack with FMRP stimulates



channel activity, raising the possibility that activation of Slack channels may also regulate the
function of FMRP. Our laboratory has previously identified Slack as required for a protein
translationdependent recovery from an extended period of inhibition in Aplysia neurons
following stimulation, further suggesting that Slack may play a role in the regulatmRNA
translation. Here we provide the initial evidence for such a role. We transfected cells with a
fluorescent reporter for mRNA translation, wh
f o factif, but with the coding region replaced withttfor the irreversibhphotoconvertible
fluorescent protein dendra2. We were able to visualizetirmaltranslation in HEK cell cultures

and in mouse cortical neurons. Based on the observed translation levels in a stable Slack
expressing HEK cell line ahg with pharmacological manipulation and silencing RNA
knockdowns, we propose a mechanism whereby Slack activation causes an increase in
translation that is enhanced in the absence of FMRP. This increase in translation persists in the
presence of the Slechannel blocker quinidine, indicating that it does not require ion flux
through the channel. Experiments on cultured neurons fromtypke Slack knockout, and

FMRP knockout mice show that Slasttmulated translation also occurs in native neurons.
Additional experiments in HEK cell culture suggest that the Slack binding partners CYFIP1,
another FMRP binding protein; and Phakta PP1 binding protein, may also modulate this
channeldependent translation. This mechanism of Skdegendent translation fmtially

represents the first instance of the direct modulation of mMRNA translation by activation of an ion
channel.
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Title: Interactionsof Slack (KCNT1) channels with Phactrl are altered by a human disease
causing mutation
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Abstract: The Slack gene encodeglaam-activated potassium channels that are abundantly
expressed in the central nervous system. Human mutations alter the function of Slack channels,
resulting in epilepsy and intellectual disability. Most of the diseasising mutations are located
in theextended cytoplasmic-@rminus of Slack channels and most result in increased Slack
current. Previous experiment using a yeastlwiorid system indicate that thet€minus of

Slack channels binds a number of cytoplasmic signaling proteins. One oistRésetrl, a

protein that is believed to target protein phosphatase 1 (PP1) to its phosphoprotein substrates.
Phactrl is also known to be an adtinding protein. We have now found by-co
immunoprecipitation that all three components, Phactrl, PP1 &inceaist in a complex with
Slack channels. We then investigated the role of disemsging Slack mutations in the
modulation of the SlacRhactrl complex and found, using FRET and coimmunoprecipitation
experiments that residue R1085 modulates the foomafi SlackPhactrl complex and that the
diseaseassociated mutation R1085A increases the affinity of the channel for Phactrl. In patch
clamp experiments, however, the amplitude of both wild type and™8&¥currents was
suppressed by eexpression oPhactrl. It has been proposed that activation of Slack channels
could stimulate mRNA translation and preliminary experiments suggest that thB'%fick
mutation may alter this aspect of channel function. Our data support the hypothesis that, in
additionto regulating electrical excitability directly, Slack channels participate in intracellular
signaling pathways via PP1 or actin. In this regard, targeting-$lhaktrl interactions may be
helpful in developing novel therapies for brain disorders assdoidth the malfunction of

Slack channels.
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Abstract: Kv1.3 is a low threshold voltagdependent potassium channel expressed in both
excitable and noexcitable cells. In noexcitable cells, Kv1.3 channels are involved in various
functions including cell volume regulation, proliferation, and insulin signaling. Within the

central nervous system, deletion of Kv1.3 gene from mitral cells of the olfactory bulb
dramatically increasedhé sensitivity of the olfactory system. Our group has previously shown
that Kv1.3 channels are also present in the presynaptic terminals of the medial nucleus trapezoid
body (MNTB) within the auditory brainstem (also called Calyx of Held). More specyfi¢aky

were found to be expressed along the plasma membrane and in internal vesicular structures of
the calyx of Held. Whether these Kv1.3 channels with distinct localization in the presynaptic
terminals can regulate the synaptic transmission and cawttibthe auditory function is

unknown. To examine the functional role of Kv1.3 channels in the auditory system, wa-used
vitro andin-vivo approaches in Kv1.3 knockout (KO) and BI6 Wildtype (WT) mice. Our
preliminary results fronm-vitro whole cell path-clamp recordings in young mice (R13)

show that lack of Kv1.3 channels significantly increases the spike firing frequency of the
presynaptic calyx in response to square pulses of injected currents. In contrast, no significant
changes were detectedtire postsynaptic MNTB neurons. We have also found aberrant evoked
postsynaptic activity in MNTB neurons in response to presynaptic fibers stimulation in Kv1.3
KO mice, suggesting that kv1.3 channels regulate synaptic transmission between Calyx of Held
andMNTB neurons. To further investigate their role in auditory function, we carrieth-ixo
recordings of the Auditory Brainstem Responses (ABR) of Kv1.3 KO and found that the
thresholds of ABR are elevated in young (RT3 and old (24 months) Kv1.3 KQOnice over

those in WT mice. Latencies of peaks I, Il and IV are prolonged in Kv1.3 KO mice. In addition,
mice lacking Kv1.3 potassium channels show a desynchronization of ABR waves suggesting an
alteration of synaptic transmission and changes in spikiyigathin auditory pathways.

Altogether, our data suggest that loss of Kv1.3 potassium channels primarily influences the
properties of presynaptic terminals, alters synaptic transmission between Calyx of Held and
MNTB neurons, and impairs auditory furati Ongoing experiments are now characterizing the
dynamic of Kv1.3 channels distribution in response to presynaptic fibers stimulation.
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Abstract: Smallconductance Céactivated K (SK) channels mediate medium
afterhyperpolarization in the neurons which limits the firing frequency of action potentials and,
thus, play a key role in the regulation of neuronal ekdity. Given their importance in neurons,
SK channels are potential drug targets for movement disorders, including ataxia and
Amyotrophic Lateral Sclerosis (ALS). The SK channels are activated exclusively by’the Ca
bound calmodulin. Previously, we idéied an intrinsically disordered fragment that is essential
for the mechanical coupling betweer?ealmodulin binding and the channel opening. Here,
we report that substitution of one amino acid residue in the intrinsically disordered fragment
caused a6 fold increase in the €asensitivity of SK2a channels. Subsequent tests with
equivalent substitutions in SK1 and SK3 channels also exhibit€chgaersensitivity.

Additionally, an equivalent phenylalanine substitution in@ae&norhabditis elegan€.

elegan$ SK2 orthologkent2 partially rescued locomotion defects in an existihglegan®#\LS
model, in which human SOD1G85R is expressed at high levels in neurons. This supports the
idea that the phenylalanine substitution impacts SK channel funetiowo. This work confirms
that the intrinsically disordered fragment plays a crucial role in SK channel regulatiefoand

the first time- provides a critical reagent for future studies: an SK channel that is hypersensitive
to C&* concentrations wit increased activitin vivo.
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Authors: *I. CHO, S. ALPIZAR, M. HOPPA
Dartmouth Col., Hanover, NH

Abstract: Presynaptic terminals are fundamental computational units in the brain, and their
dysfunction is associated with several neurological diseakey.mediate the transduction of
incoming electrical signals (action potentials) into chemical signals (neurotransmitter release),
and the efficiency of conversion determines the strength of circuits underlying memory and
behavior. Many synapses in the ljgpmpus display frequendependent changes in

transduction efficiency. The shape of the presynaptic action potential is of fundamental
importance in determining the timing and magnitude of neurotransmitter release. However, the
plasticity of action poterdl waveform shape during frequency dependent stimulation and a role

in transduction efficiency is unknown. This is largely due to the fact thantipassansynapses

that are prevalent in the hippocampus are difficult to measure with classic eledtrtmgyys

owing to their small size. To overcome these limitations in our current study we combine a
genetically encoded faed voltage indicator named QuasAr with quantitative measurements of
presynaptic calcium and vesicle fusion by GCaMP and v@liiorin imaging, respectively.

We found significant frequeneyependent changes in presynaptic action potential shape even
from paired pulse stimulation in primary cultured rat hippocampal neurons. Namely, a significant
broadening of action potentials at exa@tgtsynapses and narrowing at inhibitory synapses were
shown. We determined that these changes were due to unique molecular identities and functional
role of K* channels that can modulate the electrogenic properties of the presynaptic membrane at
excitatoy and inhibitory terminals. Our results indicate that volkdgpendent inactivation of
Kv1.1/1.2 channels underlies the broadening, while calgiatad potassium channels underlie
narrowing of the action potential for excitatory and inhibitory neuronsemively. Furthermore,

while the changes in AP shape are strongly correlated with vesicle fusion probability, however
they are independent of net calcium influx as classically predicted, suggesting a role for-calcium
microdomain signaling. Taken togethtérese results suggest that variability in presynaptic K
channels may play a fundamental role in controlling frequelependent changes in synaptic
strength.
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Title: Proteomic and functional analysis of presynaptic actin regulation during synaptic
transmission

Authors: *S. DUBE?, T. BRADSHAW, A. UEZ?, E. SODERBLOM, B. RACZ, S. H.
SODERLING?!?

INeurobio. 2Cell Biol., 3Proteomics Core, Duke Univ., Durham, N@pat. and Histology,
Univ. of Vet. Med. Budapest, Budapest, Hungary

Abstract: Proper nervous system function requires dynamic remodeling of the actin
cytoskeleton, which is highly enriched at both presynaptic terminals and postsynaptic spines.
Although actin dynamics and regulation have been-eleracterized at postsynapses, ssidin

actin in mature presynapses have been limited by difficulties in visualizing presynaptic terminals
and purifying them by biochemical fractionation. Here, we show the Arp2/3 complex, a
nucleator of branched actin filaments, is present at presynaptialsin vivo. We also use
electron microscopy, electrophysiology, and optical methods to probe the effects of its
presynaptic disruption on synaptic transmission. Finally, we imsasto BiolD to identify 47
additional actin regulatory proteins thaside in presynaptic terminals in the mouse brain. We
are currently using stimulated emission depletion (STED) microscopy to verify the localization
of these proteins and CRISPR/Cdssed approaches paired with electrophysiology to
determine their functizs during synaptic transmission. We expect to uncover several lines of
genetic evidence for the functions and regulation of presynaptic actin, creating a framework for
how presynaptic terminals may be structurally altered during synaptic plasticity.okadlii

since defects in actin regulation are associated with many neurological disorders (including
autism spectrum disorders, intellectual disability, and schizophrenia), our findings may help
inform potential presynaptic pathologies in these diseases.
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Title: Endocytic scaffold Intersectin 1 regulates vesicle reclustering in the reserve pool of the
giant vertebrate synapse
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Abstract: Synaptic vesicles (SVs) are accumulated at active zones in clusters, which are
comprised of readyeleasable and reserve pools. Phosphoprotein synapsin | plays critical role in
organizing SVs inhe reserve pool in many central synapses. SVs in the reserve pool replenish
the readyreleasable pool to sustain neurotransmission duringraighactivity and are rapidly
reclustered after stimulation. How these SV trafficking events are regulategely lanknown.

Using the giant reticulospinal model synapse in lamprey we show that the scaffolding protein
intersectin 1 (ITSN1) regulates the synapsin 1 function during synaptic activity by forming a
dynamic complex with synapsin. Like in mammalian syead3 SNL1 is a component of an
extravesicular matrix of the reserve pool of SVs in giant lamprey synapses. The complex
formation with synapsin 1 is mediated by SH3A (8omology 3 A) domain of ITSN1, which

binds to the D domain of synapsin I. An intramallec switch within ITSN1 regulates the

interaction between the proteins. Microinjection of antibodies against SH3A domain into giant
synapses at rest does not perturb SV organization, while during stimulation it disrupts the vesicle
clustering in the resee pool thus supporting that ITSN1 and synapsin 1 come into interaction
during synaptic activity. Our data suggest that the SH3A domain of ITSN1 serves to sequester
synapsin 1 within the reserve pool when it dissociates from SV during stimulation andggomo
efficient reclustering when stimulation ceased by releasing dephosphorylated synapsin within the
reserve pool. Thus, our experiments uncover the molecular mechanism regulating vesicle
reclustering within the reserve pool of SVs.
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Title: MAP kinase phosphorylation gates regulation of SV trafficking and neurotransmitter
release by J domain of synapsin Il

Authors: *S.-H. SONG, G. J. AUGUSTINE
Lee Kong Chian Sch. of Medicine, NTU, Singapore, Singapore

Abstract: Among the 3 mammalian synapsin genes, synapsin Il is unique because it regulates
neurotransmitter release in a neurotransmépacific manner (Neurosci. 28:10835; 30:9762;
36:6742). These effects must be caused by the J domain, a motif found only in synapsin Ill. To
examine the function of the J domain, we first injected a peptide from the J domain of synapsin
[l into squid giant presynaptictminals. This peptide reversibly inhibited synaptic transmission,
while a scrambled version did not; thus, the inhibitory effect is seqisgremific. Analysis of the
kinetics of synaptic depression during higéquency stimulus trains (50 Hz) revealedtth

domain peptide inhibits synaptic transmission both by reducing the size of the-retahisable

pool (RRP) and by slowing mobilization of vesicles from the reserve pool (RP) to the RRP. This
effect is regulated by phosphorylation: pseudophosphaorgléte J domain peptide at a MAPK
phosphorylation site (S470D) inhibited synaptic transmission, while ghosphorylatable

version (S470N) did not. To further clarify J domain function, we examined excitatory synapses
of microislandcultured mouse hipmampal neurons. Expressing recombinant J domain did not
affect the amplitude of autaptic EPSCs. However, during repetitive stimulation (10 Hz), J
domain expression slowed the time constant of synaptic depression and increased RRP size.
Further, a phosphoull mutant J domain (S470A) further slowed depression and increased RRP
size, while pseudophosphorylated J domain accelerated the rate of synaptic depression and
reduced RRP size. Thus, in both squid and mouse neurons, phosphorylation of the J domain
contols the ability of synapsin Ill to regulate mobilization of RP vesicles. In summary, our
results indicate that interactions mediated by the J domain of synapsin IIl determine the
dynamics of both RRP and RP vesicles, thereby regulating neurotransmeiserdturther, this
regulation is gated by MAPK phosphorylation.
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Title: Neurexins mediate clustering of voltagated C& channels at presynaptic active zone
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Abstract: The spatial organization of voltagmted C&" channels and synaptic vesicles at the
presynaptic active zone are tightly regulated and play essential role in synaptic function.
However, the molecular mechanisnmdarlying the tight regulation remain much unknown.

Here we examined the function of neurexins, the central organizer of synapse formation and
function, at the calyx of Held synapse. We found that deletion of all neurexins remarkably
reduces synaptic strgth at the calyx of Held. The functioning of ahannels and release
machinery remain intact; however, the coupling betweé €@mnnel and synaptic vesicle was
surprisingly impaired. These results together suggest a novel function of neurexins in organizing
presynaptic active zone by facilitating tight coupling betweeti €aannels and readily

releasable synaptic vesicles.
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Abstract: Effective communication within neural circuits requires the igeecontrol of
neurotransmitter release in response to a presynaptic action potential. Indeed, perturbation of
release can trigger circuit malfunction that leads to cognitive and psychiatric disorders.
Functional precision arises from the proper subsyoaptjanization of the proteins involved in
synaptic transmission. Previous work from our lab has established that evoked vesicle fusion
preferentially occurs at subdomains of the AZ with the highest density ofiR&bacting

molecule (RIM), a protein thas necessary for synaptic vesicle priming and for the recruitment
ofC&*channels to the AZ. These RIM finanocluster
nanoclusters of receptors and RS8R suggesting this presynaptic organization helps maximize
synapic strength by aligning sites of release with high density clusters of receptors. Considering
the importance of subsynaptic protein organization, we sought to determine the nanoscale
organization of RIMbinding protein 2 (RIMBP2), another functionally revant presynaptic
protein that is crucial for the reliability and fidelity of synaptic transmission. Like RIM,-RIM
BP2 binds C& channels, particularly PAype C&* channels, and thus is suspected to localize
them close to vesicles through this dire¢eraction as well as indirectly through its binding to
RIM. Using superesolution STORM imaging of cultured hippocampal neurons, we have
observed that RIMBP2 is tightly clustered within small AZ subdomains that bear a striking
resemblance to the RIM narlasters. Since the overall clusters of RB®2 are similar to the
nanoclusters of RIM, RIMBP2 may be playing an important role in synaptic function by
influencing the nanoscale organization of RIM. To test this, we are currently performing
STORM imagingof RIM and PSDP9O5 at synapses that are expressing IRR mutants that
cannot bind to RIM, and at synapses in which FBBR2 has been knocked down. Not only will
these experiments help determine the influence of-BM2 on the nanoscale organization of
RIM, but they will also provide insight into the effect, or lack thereof, of presynaptic
perturbations on postsynaptic protein organization.
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Title: R1 M4 2 def i caltemtioosyn cerebella Buskinje cell function

Authors: *E. M. SCHONHENSE, K. MICHEL, H. T. KIM, A. J. BECKER, D. DIETRICH, S.
SCHOCH
Univ. Clin. Bonn, Bonn, Germany

Abstract: RIMs (Rab3interacting molecules) are multidomain proteins, enriched at paptig

active zones. The |l arge isoforms (RIM1U/ b, RI
mediating presynaptic active zone function by coupling synaptic vesicles to voitege

calcium channels (VGCCs) and by regulating neurotransmitter releas#l as presynaptic
plasticity. The functional role of the smal/|l
vivo has so far remained unresolved. To address this open question we have generated
constitut i vaut(R) MideoStakimyaftekwea ng t hese RI M42 KO m
spontaneous episodes of strong hind limb impairments with rapid uncontrolled movements
accompanied by weight loss. In order to uncover if this phenotype resulted from dysfunction in

the cerebellum, we crossed conditionalR®l o K O mi c e weelltsgecifia Cré&@nverk i nj e
line (Pcp2Cre) resulting in Pcp2re(Mpin)R1 M4o2 KO mi ce. Behavior al e
these mice confirmed deficits in fine motor coordination and less exploration in a novel

environment found in the ostitutive KO line. Furthermore, it was also possible to induce the

motor phenotype by injections of ethanol or caffeine.

Interestingly, morphological analyses of the cerebellum and of individual Purkinje cells revealed
changes in size and branching of demdritic tree. Juxtacellular recordings of Purkinje cells in

the presence of blockers of synaptic transmission revealed inRRFPtpR1I4 5 KO mi ce an o
reduced spontaneous firing frequency of Purkinje cells and an almost complete lack of bursting
cells.In addition, a population of Purkinje cells firing tonically at1®Hz is strongly

diminished in PcpR1 M43 KO mi ce.

Taken together, our data for the first time r
required to maintain normal electrophyemical properties and to establish proper dendritic
mor phology. In turn, RIM42 deficiency results
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